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Dated this 17th day of September, 2021
RAJESHWARI H.
AGENT FOR THE OPPONENT
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FORM 7A
THE PATENTS ACT,
1970 (39 OF 1970)
AND
THE PATENTS RULES, 2003
REPRESENTATION FOR OPPOSITION TO GRANT OF PATENT
[See Rule 55]
We, SANKALP REHABILITATION TRUST, having its registered office at SS
Bengali Municipal School, First Floor, Thakurdwar Road, Charni Road East,
Mumbai – 400002, hereby give Notice of opposition to the grant of patent in
respect of Indian Patent Application No. 202017010006 filed on 09/03/2020
file by GILEAD SCIENCES INC. on following grounds.
(a)
(b)
(c)
(d)
(e)

(f)

Section 25(1)(b): Lack of novelty
Section 25(1)(c): Anticipation/Lack of Novelty by Prior Claiming
Section 25(1)(e): Lack of inventive step
Section 25(1)(f): Not an invention and not patentable
Section 25(1)(g): The complete specification does not sufficiently and
clearly describe the invention or the method by which it is to be
performed.
Section 25(1)(h): Failed to disclose to the Controller the information
required by section 8.

(Detailed grounds are set out in the Opposition)
Our address for service in India is:
RAJESHWARI H.
RAJESHWARI & ASSOCIATES
A – 357, FIRST FLOOR
NEAR HDFC BANK
PANCHSHEEL PARK
NEW DELHI – 110017
INDIA
Tel: + 91-11-41038911
Mobile No. 9910206718
Email: rajeshwari@ralegal.co.in; opposition@ralegal.co.in
Dated this 17th day of September, 2021
RAJESHWARI H. IN/PA – 0358
AGENT FOR THE OPPONENT
OF RAJESHWARI AND ASSOCIATES
TO
THE CONTROLLER OF PATENTS
PATENT OFFICE, NEW DELHI
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BEFORE THE CONTROLER OF PATENTS, THE PATENT OFFICE,
NEW DELHI
In the matter of Section 25(1) of The Patents Act,1970 as amended by The
Patents (Amendment) Act 2005;
And
In the matter of Rule 55 of The Patents Rules 2003 as amended by thePatent
(Amendment) Rules, 2006
And
IN THE MATTER of Indian Patent Application 202017010006 filed on
09/03/2020 in the name of GILEAD SCIENCES INC.
REPRESENTATION BY:

SANKALP REHABILITATION TRUST

……..OPPONENT

VS.
GILEAD SCIENCES, INC.

……...APPLICANT

REPRESENTATION BY WAY OF PRE-GRANT OPPOSITION UNDER
SECTION 25(1) OF THE PATENTS ACT, 1970
We, SANKALP REHABILITATION TRUST, an Indian citizen, hereby submit
my representation by way of oppostion to the grant of patent in respect of
Indian Patent Application 202017010006 filed on 09/03/2020 in the name
of GILEAD SCIENCES INC. entitled “SOLID FORMS OF AN HIV CAPSID
INHIBITOR”.
STATEMENT OF CASE OF OPPONENT
1.

The Opponent has learnt that the Applicant has filed an Indian Patent
Application No. 202017010006 (hereinafter “the Impugned Patent
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Application”) on 09/03/2020. The Impugned patent application was
published in the Official Journal of the patent office on 28/08/2020,
which is currently pending before the Patent Office. The Impugned
Patent Application has a priority date 17/08/2017.
2.

The Impugned Patent Application is entitled “SOLID FORMS OF AN HIV
CAPSID INHIBITOR”.

3.

The opponent by way of this present pre-grant opposition submits that
the claims currently pending on record are not patentable under the
provisions provided in this Act. Theclaims as filed and currently on
record are annexed herewith as Annexure-1 and reproduced herein
below for ready reference:
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4. Impugned Patent Application: The present pre-grant opposition is
against Indian Patent Application 202017010006 filed on 09/03/2020.,
titled “SOLID FORMS OF AN HIV CAPSID INHIBITOR”and is drawn
towardssolid

forms

of

an

HIV

capsid

inhibitor,

including

pharmaceutically acceptable salts and co-crystals of the inhibitor, as
well as crystalline forms of the salts and co-crystals.
5. Disclosure in the impugned patent application: As per the Applicant,
the present invention relatesto new solid forms of the HIV capsid
inhibitor

N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn1-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-cyclopropa-
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[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide

(i.e.,

Compound

1,

see

below).

6. PRIOR ARTS: The Opponent wishes to rely on the following prior arts as
evidence in support of the grounds of opposition.
i.

D1-WO 2014/134566 published on 4 September 2014 (annexed
herewith as Annexure 2)

ii.

D2-IN201917006277 published on 03 May 2019 (annexed
herewith as Annexure 3)

iii.

D3-Elaine Fontes Ferreira da Cunhaa et al; 4D-QSAR Models of
HOE/BAY-793 Analogues as HIV-1 Protease Inhibitors; QSAR
Comb. Sci. 2005, 24, 240-253 (annexed herewith as Annexure
4)

iv.

D4-Romano Silvestri et al; Novel Indolyl Aryl Sulfones Active
against HIV-1 Carrying NNRTI Resistance Mutations: Synthesis
and SAR Studies;J. Med. Chem. 2003, 46, 2482-2493 (annexed
herewith as Annexure 5)

v.

D5-Sherry L. Morissette et al; High-throughput crystallization:
polymorphs, salts, co-crystals and solvates of pharmaceutical
solids; Advanced Drug Delivery Reviews 56 (2004) 275– 300
(annexed herewith as Annexure 6)

vi.

D6-Richard J. Bastin et al.; Salt Selection and Optimisation
Procedures for Pharmaceutical New Chemical Entities; Organic
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Process Research & Development 2000, 4, 427-435

(annexed

herewith as Annexure 7)
7. It is submitted that all claims of the impugned patent application are
liable to be refused on following grounds as below:
(a)

Section 25(1)(b): Lack of novelty

(b)

Section 25(1)(c): Anticipation/Lack of Novelty by Prior Claiming

(c)

Section 25(1)(e): Lack of inventive step

(d)

Section 25(1)(f): Invention is not an invention and not patentable

(e)

Section 25(1)(g): The complete specification does not sufficiently
and clearly describe the invention or the method by which it is to
be performed.

(f)

Section 25(1)(h): Failed to disclose to the Controller the
information required by section 8.

PRELIMINARY SUBMISSION: LACK OF UNITY OF INVENTION
8. As per section 10, the claims of the complete specification must relate to
a single invention, or to a group of inventions linked so as to form a
single inventive concept.
9. It is submitted that the claims of the impugned application lack unity of
invention as claims 1 to 42 of the impugned application pertain to
crystalline form and claim 46 pertains for composition while claims 4345 and 47-49 pertain to process of preparation of isomer A in excess of
isomer B or vice versa.
10. It is well settled law that a single patent application must pertain to a
single invention and for that that claims sought in any patent
application must pertain to a single invention. The criteria for
ascertaining that the claims of a patent application pertain to a single
invention call for single inventive concept by way of presence of a special
technical feature which is common to all the claims of an application.
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11. In the present application the technical feature common to claim 1 to 42
is the “crystalline form” and the technical feature common to claims 4345 and 47-49 are “process of increasing the amount of isomeric
compound of isomer A relative to an amount of an isomeric compound of
Isomer B or vice versa”.
12. The Act allows product and process of preparation thereof to be claimed
in a single patent, however, in the present application the product being
claimed is a crystalline form and the process of preparation being
claimed is of the product “isomeric compound of isomer A and/or
isomeric compound of isomer B”. Hence, there is no single inventive
concept between these claims and all of these claims cannot be claimed
or allowed in single application.
13. Since, the impugned patent application shows a plurality of distinct
inventions. Therefore, the impugned patent application lacks unity of
invention and should be rejected on this ground alone.
GROUND 1: LACK OF NOVELTY: SECTION 25(1)(b)
14. It is submitted that claims 1 to 49 are not novel, and therefore have to
be rejected under section 25(1)(b) of the patents act.
15. It is submitted that the compound of claim 1 of IN’904 is anticipated by
prior publication in the document D1 i.e. WO2014134566 (here onwards
WO’566) published on September 04, 2014. Its Indian national phase
application (7440/DELNP/2015) (IN’7440) (Annexure 1) was published
on January 15, 2016.
16. It is submitted that WO’566 relates to compounds which possess antiHIV activityand said application discloses the compound Lenacapavir as
elaborated below.
17. WO’566 discloses the structure of Formula III, an embodiment of which
is reproduced below:
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Wherein:

i.

C is

ii.

A1 is CH; A2 is CH;

iii.

Z5a isF;

iv.

ZlwisC1-C4 alkyl substituted with halogen;

v.

Zlwis-NRnlS(O)2Rpl;

vi.

Rnlis HandRpl is (C1-C8)alkyl

vii.

ZlwisCl;

viii.

Z2is of the formula

ix.

Z2cis-S(O)2RP4;

x.

Rp4 is (C1-C8)alkyl;

;
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xi.

Z4is(C1-C3)alkyland is optionally substituted withthree Z4a
groups, wherein the Z4a group is fluoro;

xii.

or a pharmaceutically acceptable salt thereof.

18. Substitutions with appropriate substituents as shown above in formula
IIId of WO566 discloses the compound Lenacapvir and pharmaceutical
acceptable salt thereof as represented below:

wherein substitutions with the groups exemplified in WO566(IN7440)
leads to following molecule which is Lenacapavir:
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iii. Indazole
group
i. Central pyridine
with alkynyl

ii. Methyl
sulfonyl

iv. Indazole
nitrogen
withtrifluroeth
yl

19. It is further submitted that WO’566 not only discloses the compound
Lenacapavirbut

also

discloses

the

pharmaceutically

acceptable

saltsthereof like sodium-based salt, methanesulfonic, ethanesulfonic,
benzenesulfonic, hydrochloric, andsulfuricacid base salt. This document
also discloses preparation of acid or base based salt.The document
states that “… All salts, whether or not derived from a physiologically
acceptable acid or base, are within the scope of the present
invention.”
20. Further, it is stated in the Para [0060] of document WO566 (IN7440) that
“Often crystallizations produce a solvate of the compound of the
invention……..The compound of the invention may be true solvates, while
in other cases, the compound of the invention may merely retain
adventitious water or be a mixture of water plus some adventitious
solvent”. Therefore, crystalline forms of Lenacapavir are inherent in the
disclosure of said document.
21. It is submitted that said claims of the impugned patent application are
not novel as the process for synthesis of different isomeric forms of the
compound Lenacapavir is already disclosed in document D1 in para
[0049-54] of D1, wherein in the Para [0049] it is disclosed that, “The
compounds disclosed herein may have chiral centers, e.g., chiral carbon
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atoms.

Such

compounds

thus

include

racemic

mixtures

of

all

stereoisomers…..The racemic mixtures can be separated into their
individual, substantially optically pure isomers through well-known
techniques such as, for example, the separation of diastereomeric salts
formed with optically active adjuncts, e.g., acids or bases followed by
conversion back to the optically active substances. The desired optical
isomer can also be synthesized by means of stereo specific reactions,
beginning with the appropriate stereoisomer of the desired starting
material”.
22. Thus, the process for increasing the amount of an isomeric compound of
Isomer A and isomer B of the compound Lenacapavir as disclosed in the
impugned patent application is already reported in the cited document
D1.
23. In view of the above, it is submitted that that the subject matter of
claims 1 to 49 of the impugned application is lacks novelty and the
impugned application ought to be rejected on this ground alone.
GROUND 2: PRIOR CLAIMING: SECTION 25(1)(c)
24. It is submitted that all claims 1 to 49 are anticipated by prior claiming in
Indian application IN201917006277 (IN’277) which has the priority date
earlier than that of the impugned application and was published after
the priority date of the impugned application. IN’277 was published on
May 03, 2019 after the priority date i.e.17 August, 2017 of the impugned
patent application but the priority date of IN277 is August 19, 2016
which is earlier than the priority date of the impugned patent application
which is 17 August, 2017.
25. Claims 1 and 2 of IN277claim the compound N-((S)-1-(3-(4-chloro-3(methylsulfonamido)-1-(2,2,2-trifluoroethyl)-1H-indazol-7-yl)-6-(3methyl-3-(methylsulfonyl)

but-1-yn-1-yl)pyridin-2-yl)-2-(3,5-

difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoro

methyl)-
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3b,4,4a,5-tetrahydro-1H-cyclopropa[3,4]

cyclopenta[1,2-c]pyrazol-1-

yl)acetamide i.e. known as Lenacapavir and its pharmaceutically
acceptable salt thereof.
26. Furthermore, IN’277 states that the invention covers polymorphic forms
of Lenacapavir or pharmaceutically acceptable salt thereof. Thus, claim
1 and 2 of IN’277 read in consonance with the specification of IN’277
implies that the subject matter of claim 1 and 2 of IN’277 encompasses
crystalline forms of Lenacapavir or pharmaceutical salt thereof.
27. Since subject matter claimed in claim 1 and 2 of IN’277 claims
Lenacapavir or pharmaceutical salt thereof and said claims also cover
the subject matter claimed in claims 1 to 49 of the impugned
application.
28. In view of the above it is submitted that the subject matter of the claims
1 to 49 of the impugned application is anticipated by prior claiming in
IN’277.
29. Therefore, the impugned application ought to be rejected on this basis
alone.
GROUND 3: LACK OF INVENTIVE STEP: SECTION 25(1)(e)
30. It is submitted that the invention as claimed is obvious and does not
involve any inventive step in view of whatever was known and published
in India or elsewhere prior to the priority date of impugned patent
application i.e. prior to 17/08/2017 the earliest claimed priority.
31. It is submitted that the claims of the impugned patent application are
not inventive and are obvious in view of common general knowledge in
art and combined with teachings of above-mentioned prior arts.
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32. WO’566 relates compounds and methods for the treatment of HIV (i.e.,
humanimmunodeficiency virus) infection.WO’566 provides a compound
of formula Hid

33. WO’ 566 further discloses a narrowed down specific structures named as
IIIi, IIIj and IIIk, reproduced here for ready reference:

IIIi

IIIk
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34. WO’ 566 further discloses some preferred substituents of above
structures which are given below:

Z2 is of the formula

;

A1 and A2 are CH;
Z5a is Fluoro;
Z1z is Chloro;
Z1y is -NHS(O)2alkyl;
Z4 is alkyl halogen;
35. The exemplified compounds disclosed in WO’ 566 further reveals that
certain substituents are used more often than others which are given
below:
Z4 is -CF3;
Z5a is Fluoro;
Z1z is Chloro;
Z1y is NHS(O)2CH3;

Z2 is
36. WO’566 further discloses the preferred combination that Zlx is (C1C8)alkyl which is substituted by halogen; Zly is -NRlS(O)2Rpl ; and Zlz is
halogen. WO’566 further taught that when A is pyridine, then it is
substituted by Z1 and Z2 wherein Z2 can either be an alkyl or ring
substituent. From the preferred embodiments of WO’566 it is apparent
that the preferred Z2 substituent when A is pyridine is an alkynyl group
further substituted by two methyl and an OH group.
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37. The above-mentioned preferred embodiments lead to a molecule with
following structure:

38. It was common in art that the presence of a sulphonyl alkyl group was
considered essential for HIV inhibition. Some prior art documents that
reflect this state of common general knowledge is – Cunha et al 2005
and Silvestri 2003.
39. It is further submitted that a person skilled in the art is motivate to
replace the OH group of the molecules as WO’566 gives the option of
replacing said OH group by various other groups wherein sulphonylis
also an option.As already mentioned, that sulphonyl and sulphonyl alkyl
groups were commonly used in anti-HIV drugs known at the time and
were considered to play a significant role in HIV inhibition.
40. Therefore, the compound Lenacapavir is obvious in view of the
disclosure of WO’566 and common general knowledge.
41. It is further submitted that WO’566 also discloses the pharmaceutically
acceptable

salts

like

sodium-based

salt,

methanesulfonic,

ethanesulfonic, benzenesulfonic, hydrochloric, and sulfuric acid base
salt of the compounds disclosed therein including Lenacapavir. This
document further discloses preparation of acid or base based salt.
42. WO’ 566 also discloses use of crystallization processi.e. formation of
crystals of the compounds and salts forms of the compounds disclosed
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therein. It is also disclosed that solvates, hydrates and/or various
stereochemical isomers are produced in the crystallization process.
43. In addition to above, WO’566 further discloses a pharmaceutical
composition comprising a compound of formula I or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.
44. Sherry L. Morissette et al discloses

that Active Pharmaceutical

Ingredients (APIs) can exist in a variety of distinct crystalline solid forms,
including polymorphs, solvates, hydrates, salts, co-crystals. It further
discloses that pharmaceutical salts may also exist in crystalline form as
polymorphic, solvated and/or hydrated forms etc.
45. This document further teaches the concept of salt selection, and that
preparation of salt forms using pharmaceutically acceptable acids and
bases is a common strategy to improve bioavailability.
46. It further discloses that HT crystallization technologies can be used to
more rapidly and comprehensively identify the range of salt forms that
may be prepared for a given compound or series of compounds, and
characterize their crystal form diversity (polymorphs, solvates, hydrates).
47. It further discloses that Salt selection is normally part of the standard
pre-formulation studies carried out during preclinical development,
where rapid identification of the possible salts of a compound and their
properties can facilitate product development. To further facilitate such
studies, a microplate technique capable of investigating an array of
conditions has been developed to determine which counter-ion and
solvent conditions can be used to prepare crystalline salts of the
compound. The figure 5 in this document shows various counter ions for
the selection of salt. The counter-ion type is systematically varied along
the rows of the plate and different crystallization solvents are deposited
down the columns of the plate.
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48. This document further teaches the discovery of various solid forms in
highly

polymorphic system and prediction of crystallization and

polymorphism.
49. Bastin et al. also discloses salt selection and optimisation procedures for
pharmaceutical new chemical entities. It further discloses that for the
formation of a stable salt, there should be a minimum difference of
about 3 units between the pKa value of the group and that of its
counter-ion, especially when the drug substance is a particularly weak
acid or base.
50. Bastin et al. further discloses the use of microplate technique for the
screening of saltsand crystallisation process.Resulting, a range of
potential salt formers and re-crystallisation solvents can be quickly
identified. It also provide various pharmaceutically acceptable salts like
sodium based salt, methanesulfonic, ethanesulfonic, benzenesulfonic,
hydrochloric, and sulfuric acid base salt.
51. Furthermore, WO566 discloses that the compounds disclosed therein
yield various polymorphs upon crystallization and that different isomeric
forms of said products also exist which can be obtained as a product
rich in a particular isomeric form compared to other isomers by use of
either conventional techniques or by reaction with acid or bases and
conversion back into desired isomer or by using desired isomeric from as
the starting material in a stereo-specific reaction.
52. It is submitted that the Applicant has provided comparative data in the
specification as filed establishing that Lenacapavir named as Compound
1

has

lower

EC50

and

CC50

values

as

well

as

has

better

pharmacokinetic profile than certain compounds named as compound A
and B of WO566.
53. However, as submitted under the ground of novelty, the compound
Lenacapavir is disclosed in the prior art document WO566. WO566 also
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covers all the salt forms and polymorphs including crystalline forms of
Lenacapavir. Moreover, as submitted in preceding paragraphs the
specific substitutions in Lenacapavir over and above the substitutions
present in Compound A and B are in line with the common
understanding and practise in the field of anti-HIV drug development at
the time of the invention. Thus, there already existed a preponderance of
expectation of success.
54. Therefore, it was incumbent upon the Applicant to establish why and
how the crystalline and isomeric forms of Lenacapavir claimed in
impugned applicant are technically advanced as compared to the
Lenacapavir disclosed in WO566 and all its salt and polymeric forms
disclosed therein. However, the Applicant has not disclosed any such
data in the specification as filed.
55. Furthermore, while the claims of present application are drawn to a
particular salt crystalline form and the process of preparation of an
isomerically rich compound, the data provided in specification regarding
EC50, CC50 and Pharmacokinetics ought to have been established using
the claimed salt crystalline form or the particular isomer. However, the
data given in impugned specification pertains to simply Compound 1 i.e.
Lenacapavir and not its claimed salt crystalline form or isomeric form.
56. In addition, the impugned application does not state any difference from
or any advantage compared to the process of preparation of isomerically
rich product as disclosed in prior art.
57. Therefore,

the

Applicant

has

failed

to

establish

any

technical

advancement of the claimed subject matter over what was already
known in the art at the time of the invention.
58. In light of the above submissions, it is evident that the claimed subject
matter of the impugned application lacks inventive merit and therefore,
the impugned application ought to be rejected on this ground alone.
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GROUND 4: CLAIMS NOT PATENTABLE UNDER SECTION 25(1)(f)
59. It is submitted that the impugned patent application should not be
allowed under Section 3(d) which states that “the mere discovery of a
new form of a known substance which does not result in the enhancement
of the known efficacy of that substance or the mere discovery of any new
property or new use for a known substance or of the mere use of a known
process, machine or apparatus unless such known process results in a
new product or employs at least one new reactant.
Explanation -For the purposes of this clause, salts, esters, ethers,
polymorphs, metabolites, pure form, particle size, isomers, mixtures of
isomers, complexes, combinations and other derivatives of known
substance shall be considered to be the same substance, unless they
differ significantly in properties with regard to efficacy.”
60. As submitted under the grounds of lack of novelty by prior publication,
lack of novelty by prior claiming and lack of inventive step the subject
matter claimed in impugned application is neither novel nor inventive
and hence, squarely falls under the ambit of Section 3(d) of the Act.
61. Further, it is submitted that the Applicant has provided comparative
data in the specification as filed establishing that Lenacapavir named as
Compound 1 has lower EC50 and CC50 values as well as has better
pharmacokinetic profile than certain compounds named as compound A
and B of WO566.
62. However, as submitted under the ground of novelty, the compound
Lenacapavir is disclosed in the prior art document WO566. WO566 also
covers all the salt forms and polymorphs including crystalline forms of
Lenacapavir. Moreover, as submitted in preceding paragraphs the
specific substitutions in Lenacapavir over and above the substitutions
present in Compound A and B are in line with the common
understanding and practise in the field of anti-HIV drug development at
the time of the invention. Thus, there already existed a preponderance of
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expectation of better activity of Lenacapavir as compared to Compounds
A and B.
63. Therefore, it was incumbent upon the Applicant to establish why and
how the crystalline and isomeric forms of Lenacapavir claimed in
impugned applicantion are technically advanced as compared to the
Lenacapavir disclosed in WO566 and all its salt and crystalline forms
disclosed therein. However, the Applicant has not disclosed any such
data in the specification as filed.
64. Furthermore, while the claims of present application are drawn to a
particular salt crystalline form and the process of preparation of an
isomerically rich compound, the data provided in specification regarding
EC50, CC50 and Pharmacokinetics ought to have been established using
the claimed salt crystalline form or the particular isomer. However, the
data given in impugned specification pertains to simply Compound 1
i.e.Lenacapavir and not its claimed salt crystalline form or isomeric form.
65. Therefore, the Applicant has failed to establish enhanced therapeutic
efficacy of the claimed salt crystalline form of Lenacapavir over salt
crystalline forms of Lenacapavir known in the art such as in the prior art
document WO566.
66. In addition, the impugned application does not state any difference from
or any advantage compared to the process of preparation of isomerically
rich product as disclosed in prior art. The impugned application does not
recite any new reactant being used in or any new product directly
resulting from the claimed process.
67. In light of the above submissions, it is evident that the claimed subject
matter of the impugned application falls within the purview of Section
3(d) of the Act and therefore, the impugned application ought to be
rejected on this ground alone.
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GROUND 5: INSUFFICIENCY OF DISCLOSURE
68. The complete specification does not sufficiently and clearly describe the
invention or the method by which it is to be performed.
69. It is submitted that the Applicant has broadly claimed all crystalline
forms of Lenacapaviracetamidesodium salt form in claim 1 of the
impugned application whereas the specification of impugned application
discloses the synthesis process of select few crystalline forms.
70. Hence, subject matter of claim 1 is too broad and lacks support in the
specification due to lack of enablement.
71. It is submitted that claims 43 to 49of the impugned application pertain
to process of preparation of isomerically rich product. However, said
claims lack essential steps and process parameters. In absence these
essential features a person of average skill in the art has to undergo
undue experimentation in order to arrive at the claimed invention.
72. The Applicant claims composition of the crystalline salt form of
Lenacapavir, however, the specification as filed does not provide any
example of the composition claimed and hence provides no information
to a person of average skill in the art to arrive at the invention without
undue experimentation.
73. In view of the aforementioned submissions, it is respectfully submitted
that the impugned patent application lacks clarity and sufficiency.
74. Therefore, the impugned patent application should be rejected on this
ground alone.
GROUND 6: SECTION 25(1)(h)
75. The Applicant has failed to disclose to the Controller the information
required under Section 8.The applicant is required to provide all the
information

regarding

the

prosecution

of

the

corresponding
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applications till the grant of the Indian application to the Learned
Controller. However, in present case the Applicant has not provided
all such pertinent details to the Learned Controller.
76. As on date, novelty, inventive step and insufficiency objections have been
raised

by

many

patent

offices

in

other

jurisdictions

regarding

corresponding applications of the impugned application such as in
Japan, Korea, Europe. However, the Applicant has not submitted details
of any of these proceedings at the Patent Office.
77. Therefore, the applicant has failed to comply with the requirements
of the Section 8 of the Act and the application should be rejected on
this ground.
78. The Opponent crave leave to file further submissions and evidence with
respect to this ground.
CONCLUSION
In view of the above, the claims are not novel, inventive and not
patentable and insufficient. The pre-grant opposition as filed may be
allowed and the subject patent application may be refused.
HEARING REQUESTED
The Opponent hereby requests a hearing under section 25(1) of the
Patents Act, 1970 (hereinafter referred to as “the Patents Act”) and Rule
55 of the Patents Rules (hereinafter referred to as “the Rules”).
PRAYER
In the fact and circumstances of the case, the Opponent prays as
follows:
i. that the Controller take the present Opposition on record;
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ii. that the Indian application 202017010006, be rejected under
Section 25(1) of the Patents (Amendment) Act, 2005;
iii.that the Opponent may be allowed to file further documents and
evidence if necessary to support their averments;
iv.that the Opponent may be allowed to file rejoinder and affidavit if
necessary to support their averments;
v. that the Opponent may be granted an opportunity of being heard in
the matter before any final orders are passed;
vi.that the Opponent may be allowed to make further submissions in
case the Patentee makes any amendments in the claims;
vii.

any other reliefs considering the facts and circumstances may

be granted in favour of the Opponent in the interest of justice.
Dated this 17th day of September, 2021
RAJESHWARI H.
AGENT FOR THE OPPONENT
RAJESHWARI AND ASSOCIATES
TO
THE CONTROLLER OF PATENTS
PATENT OFFICE, NEW DELHI

Annexure - 1
We Claim:
1.

A

crystalline

form

of

N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide sodium salt.
2.

The crystalline form as claimed in claim 1, which is selected from crystalline Form I,

crystalline Form II, and crystalline Form III.
3.

The crystalline form as claimed in claim 2, wherein the crystalline Form I has at least three

XRPD peaks, in terms of 2-theta ± 0.2°, selected from 5.6°, 6.6 °, 10.9°, 13.4°, 16.8°, 17.1°, 21.8°,
24.1°, and 26.9° as measured at a radiation wavelength of 1.5406 Å.
4.

The crystalline form as claimed in claim 2, wherein the crystalline Form is crystalline

Form I, wherein the crystalline Form I has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 5.6°, 6.6 °, 10.9°, 13.4°, 16.8°, 17.1°, 21.8°, 24.1°, and 26.9° as measured at a
radiation wavelength of 1.5406 Å.
5.

The crystalline form as claimed in any one of claims 2 to 4, wherein the crystalline Form I

is characterized by a DSC thermogram having a melting onset of 218 °C as measured at a heating
rate of 10 oC/min.
6.

The crystalline form as claimed in claim 2, wherein the crystalline Form II has at least three

XRPD peaks, in terms of 2-theta ± 0.2°, selected from 5.4°, 7.0°, 11.1°, 17.7°, 19.2°, 21.2°, 22.6°,
24.0°, and 27.7° as measured at a radiation wavelength of 1.5406 Å.
7.

The crystalline form as claimed in claim 2, wherein the crystalline Form is crystalline Form

II, wherein the crystalline Form II has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 5.4°, 7.0°, 11.1°, 17.7°, 19.2°, 21.2°, 22.6°, 24.0°, and 27.7° as measured at a
radiation wavelength of 1.5406 Å.
110

31

32

8.

The crystalline form as claimed in any one of claims 2 and 7, wherein the crystalline Form

II is characterized by a DSC thermogram having a melting onset of 222 °C as measured at a heating
rate of 10 oC/min.
9.

The crystalline form as claimed in claim 2, wherein the crystalline Form III has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 5.9°, 7.1°, 11.6°, 15.4°, 17.2°, 18.4°,
19.5°, 22.2°, and 27.2° as measured at a radiation wavelength of 1.5406 Å.
10.

The crystalline form as claimed in claim 2, wherein the crystalline Form is crystalline Form

III, wherein the crystalline Form III has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 5.9°, 7.1°, 11.6°, 15.4°, 17.2°, 18.4°, 19.5°, 22.2°, and 27.2° as measured at a
radiation wavelength of 1.5406 Å.
11.

The crystalline form as claimed in any one of claims 2 and 10, wherein the crystalline Form

III is characterized by a DSC thermogram having a melting onset of 213 °C as measured at a
heating rate of 10 oC/min.
12.

A crystalline form of

a N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide

methanesulfonic

acid

salt

or

cocrystal.
13.

The crystalline form as claimed in claim 12, which is hydrated or solvated.

14.

The crystalline form as claimed in claim 12, which is selected from crystalline Form I,

crystalline Form II, crystalline Form III, and crystalline Form IV hydrate.
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15.

The crystalline form as claimed in claim 14, wherein the crystalline Form I has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 12.9°, 15.4°, 18.4°, 18.8°, 19.7°, 20.2°,
20.9°, 23.5°, and 25.3° as measured at a radiation wavelength of 1.5406 Å.
16.

The crystalline form as claimed in claim 14, wherein the crystalline Form is crystalline

Form I, wherein the crystalline Form I has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 12.9°, 15.4°, 18.4°, 18.8°, 19.7°, 20.2°, 20.9°, 23.5°, and 25.3° as measured at a
radiation wavelength of 1.5406 Å.
17.

The crystalline form as claimed in any one of claims 14 to 16, wherein the crystalline Form

I is characterized by a DSC thermogram having a melting onset of 130 °C as measured at a heating
rate of 10 oC/min.
18.

The crystalline form as claimed in claim 14, wherein the crystalline Form II has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 8.7°, 13.0°, 17.5°, 19.3°, 20.6°, 21.3°,
21.7°, 24.2°, and 25.3° as measured at a radiation wavelength of 1.5406 Å.
19.

The crystalline form as claimed in claim 14, wherein the crystalline Form is crystalline

Form II, wherein the crystalline Form II has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 8.7°, 13.0°, 17.5°, 19.3°, 20.6°, 21.3°, 21.7°, 24.2°, and 25.3° as measured at a
radiation wavelength of 1.5406 Å.
20.

The crystalline form as claimed in any one of claims 14, and 18 to 19, wherein the

crystalline Form II is characterized by a DSC thermogram having a melting onset of 165 °C as
measured at a heating rate of 10 oC/min.
21.

The crystalline form as claimed in claim 12, wherein the crystalline Form III has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 8.2°, 11.3°, 12.8°, 15.7°, 16.9°, 20.1°,
21.8°, 22.6°, and 24.7° as measured at a radiation wavelength of 1.5406 Å.
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22.

The crystalline form as claimed in claim 12, wherein the crystalline Form is crystalline

Form III, wherein the crystalline Form III has at least three XRPD peaks, in terms of 2-theta ±
0.2°, selected from 8.2°, 11.3°, 12.8°, 15.7°, 16.9°, 20.1°, 21.8°, 22.6°, and 24.7° as measured at a
radiation wavelength of 1.5406 Å.
23.

The crystalline form as claimed in any one of claims 14 and 21 to 22, wherein the

crystalline Form III is characterized by a DSC thermogram having a melting onset of 141 °C as
measured at a heating rate of 10 oC/min.
24.

The crystalline form as claimed in claim 14, wherein the crystalline Form IV hydrate has

at least three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 7.9°, 11.1°, 12.1°, 12.7°, 16.9°,
21.2°, 21.7°, 25.4°, and 26.6° as measured at a radiation wavelength of 1.5406 Å.
25.

The crystalline form as claimed in claim 14, wherein the crystalline Form is crystalline

Form IV hydrate, wherin the crystalline Form IV hydrate has at least three XRPD peaks, in terms
of 2-theta ± 0.2°, selected from 7.9°, 11.1°, 12.1°, 12.7°, 16.9°, 21.2°, 21.7°, 25.4°, and 26.6° as
measured at a radiation wavelength of 1.5406 Å.
26.

A

crystalline

form

of

a

N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide ethanesulfonic acid salt or cocrystal.
27.

The crystalline form as claimed in claim 26, having at least three XRPD peaks, in terms of

2-theta ± 0.2°, selected from 9.1°, 12.7°, 13.3°, 15.2°, 18.8°, 19.5°, 20.5°, 22.4°, and 25.3° as
measured at a radiation wavelength of 1.5406 Å.
28.

The crystalline form as claimed in any one of claims 26 to 27, wherein the crystalline form

is characterized by a DSC thermogram having a melting onset of 119 °C as measured at a heating
rate of 10 oC/min.
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29.

A

crystalline

form

of

N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide

benzenesulfonic

acid

salt

or

cocrystal.
30.

The crystalline form as claimed in claim 29, having at least three XRPD peaks, in terms of

2-theta ± 0.2°, selected from 7.5°, 8.5°, 13.6°, 17.0°, 18.5°, 18.9°, 20.0°, 21.7°, and 26.6° as
measured at a radiation wavelength of 1.5406 Å.
31.

A

crystalline

form

of

a

N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide hydrochloric acid salt or cocrystal.
32.

The crystalline form as claimed in claim 31, which is selected from crystalline Form I,

crystalline Form II and crystalline Form III.
33.

The crystalline form as claimed in claim 32, wherein the crystalline Form I has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 9.4°, 12.6°, 14.3°, 15.4°, 16.4°, 20.1°,
21.6°, 22.5°, and 23.8° as measured at a radiation wavelength of 1.5406 Å.
34.

The crystalline form as claimed in claim 32, wherein the crystalline Form is crystalline

Form I, wherein the crystalline Form I has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 9.4°, 12.6°, 14.3°, 15.4°, 16.4°, 20.1°, 21.6°, 22.5°, and 23.8° as measured at a
radiation wavelength of 1.5406 Å.
35.

The crystalline form as claimed in any one of claims 34 to 36, wherein the crystalline Form

I is characterized by a DSC thermogram having a melting onset of 101 °C as measured at a heating
rate of 10 oC/min.
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36.

The crystalline form as claimed in claim 32, wherein the crystalline Form II has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 17.2°, 17.6°, 18.1°, 18.8°, 22.3°, 22.6°,
23.1°, 25.5°, and 26.9° as measured at a radiation wavelength of 1.5406 Å.
37.

The crystalline form as claimed in claim 32, wherein the crystalline Form is crystalline

Form II, wherin the crystalline Form II has at least three XRPD peaks, in terms of 2-theta ± 0.2°,
selected from 17.2°, 17.6°, 18.1°, 18.8°, 22.3°, 22.6°, 23.1°, 25.5°, and 26.9° as measured at a
radiation wavelength of 1.5406 Å.
38.

The crystalline form as claimed in claim 32, wherein the crystalline Form III has at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 9.7°, 12.9°, 16.7°, 17.6°, 18.0°, 18.5°,
19.3°, 22.1°, and 25.0° as measured at a radiation wavelength of 1.5406 Å.
39.

The crystalline form as claimed in claim 32, wherein the crystalline Form is crystalline

Form III, wherein the crystalline Form III has at least three XRPD peaks, in terms of 2-theta ±
0.2°, selected from 9.7°, 12.9°, 16.7°, 17.6°, 18.0°, 18.5°, 19.3°, 22.1°, and 25.0° as measured at a
radiation wavelength of 1.5406 Å.
40.

A

crystalline

form

of

a

N-((S)-1-(3-(4-chloro-3-(methylsulfonamido)-1-(2,2,2-

trifluoroethyl)-1H-indazol-7-yl)-6-(3-methyl-3-(methylsulfonyl)but-1-yn-1-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro1H-cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetamide sulfuric acid salt or cocrystal.
41.

The crystalline form of as claimed in claim 40, which is a crystalline form having at least

three XRPD peaks, in terms of 2-theta ± 0.2°, selected from 14.2°, 15.3°, 16.3°, 18.3°, 19.1°, 19.3°,
22.6°, 23.9°, and 27.7° as measured at a radiation wavelength of 1.5406 Å.
42.

The crystalline form as claimed in claim 40, wherein the crystalline form is characterized

by a DSC thermogram having a melting onset of 169 °C as measured at a heating rate of 10 oC/min.
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43.

A preparation comprising the crystalline form as claimed in any one of claims 1-42, which

is enriched in Isomer A:

Isomer A.
44.

A preparation comprising the crystalline form as claimed in any one of claims 1-42, which

is enriched in Isomer B:

Isomer B.
45.

A preparation comprising the crystalline form as claimed in any one of claims 1-42, in

which the molar ratio of Isomer A:

Isomer A.
to Isomer B:
116
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Isomer B.
is 1:5 to 1:8.
46.

A pharmaceutical composition comprising a crystalline form as claimed in any one of claim

1-42, and at least one pharmaceutically acceptable excipient.
47.

A process of increasing the amount of an isomeric compound of Isomer A:

Isomer A
relative to an amount of an isomeric compound of Isomer B:

Isomer B
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or the amount of an isomeric compound of Isomer B relative to the amount of an isomeric
compound of Isomer A, in a starting mixture comprising both isomeric compounds, the process
comprising:
contacting the starting mixture with an acid or a base in the presence of a solvent to form
a salt mixture of both isomeric compounds, wherein the salt mixture has an increased amount of
the isomeric salt of Isomer A relative to the amount of the isomeric salt of Isomer B, or an increased
amount of the isomeric salt of Isomer B relative to the amount of the isomeric salt of Isomer A,
when compared with the relative amounts of the isomeric compounds of Isomer A and Isomer B
in the starting mixture.
48.

The process as claimed in claim 47, wherein the process comprises increasing the amount

of an isomeric compound of Isomer A relative to an amount of an isomeric compound of Isomer
B.
49.

The process as claimed in claim 47, wherein the process comprises increasing the amount

of an isomeric compound of Isomer B relative to an amount of an isomeric compound of Isomer
A.
Dated this 09-03-2020
DR. JYOTI CHOITHANI RAMANI
OF K & S PARTNERS
ATTORNEY FOR THE APPLICANT[S]
IN/PA 2450
“Digitally signed and filed through E-filing”
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THERAPEUTIC COMPOUNDS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]

This application claims the benefit of and priority to U.S. Provisional Patent

Application Serial Nos. 61/771,655, filed March 1, 2013 and 61/857,636, filed July 23, 2013, the
disclosures of each of which are hereby incorporated herein by reference in their entirety.
BACKGROUND
[0002]

Positive- single stranded RNA viruses comprising the Retroviridae family include those

of the subfamily Orthoretrovirinae and genera Alpharetrovirus, Betaretrovirus, Gamaretrovirus,

Deltaretrovirus, Epsilonretrovirus, Lentivirus, and Spumavirus which cause many human and
animal diseases. Among the Lentivirus, HIV-1 infection in humans leads to depletion of T
helper cells and immune dysfunction, producing immunodeficiency and vulnerability to
opportunistic infections. Treating HIV-1 infections with highly active antiretroviral therapies
(HAART) has proven to be effective at reducing viral load and significantly delaying disease
progression (Hammer, S.M., et al.; JAMA 2008, 300: 555-570). However, these treatments
could lead to the emergence of HIV strains that are resistant to current therapies (Taiwo, B.,

International Journal of Infectious Diseases 2009, 13:552-559; Smith, R . J., et al., Science 2010,
327:697-701). Therefore, there is a pressing need to discover new antiretroviral agents that are
active against emerging drug -resistant HIV variants.
SUMMARY
[0003]

Provided herein are compounds and methods for the treatment of HIV (i.e., human

immunodeficiency virus) infection.
[0004]

One embodiment provides a compound of formula Hid:

Hid
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wherein
A 1 is CH, C-Z3, or nitrogen;
A is CH or nitrogen;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;
each R a and R is independently H or (C 1-C 3)alkyl;
Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , wherein the Z l and Z l groups are the
same or different;
each Z l is independently (C 3 -C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l COR pl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR

l,

-C(0)NR l R l and

-S(0) 2NR l COR pl , wherein any (C 3-C7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups,
wherein the Z l and Z l d groups are the same or different;
each Z l is independently (C C

kyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (

-

C 8)heteroalkyl;

each Z l d is independently (Ci-C )alkyl or (C 1-C 8)haloalkyl;

each R l is independently H, (C 1-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (C 1-Cg)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (Ci-C )alkyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered
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heterocycle, or 5-6 membered monocyclic-heteroaryl of Rp is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (Ci-C )alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (C 1-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C3-C7 )carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (C 1-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (C 1-C )alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2 -C8 )alkenyl, (C 2 -C8 )alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-C 8)alkenyl or (C 2-C 8)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (C 1-C 4)alkyl;
each R 3 and R 3 is independently H or (Ci-C 4)alkyl;
each Z2 is independently oxo, (Ci-C 4)alkyl, (C 1-C4)heteroalkyl or (C 1-C 4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S(0) Rp4 , -S(0) NR V 4, -NR V 4, -NR 4CORp4 , -NR 4 C0 Rp4 , 2

2

2

2

NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4R 4 -N0 2, -C(0)R 4 , C(0)OR 4 , or -C(0)NR V 4;
each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (C 1-Cs)alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (Ci-C 4)alkyl, (Ci-C 4)haloalkyl, or (
C4)heteroalkyl;

-
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each Z is independently a (C 1-C 4)heteroalkyl;
each Z4 is independently oxo, (Ci-C8)alkyl,
N R

q5 R 5 _N

R

COR

p5

N R

C02

R

5

(C3

-C 7 )carbocycle, halogen, -CN, -OR 5 , -

_C(0)R 5 , -C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C 7 )carbocycle or (C 1-Cg)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ;
each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
each Z5 is independently halogen, which may be same or different; and
n is 0, 1, 2, or 3;
or a pharmaceutically acceptable salt thereof.
One embodiment provides a

[0005]

la III:

wherein
A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
Z2 group, and optionally substituted with 1 or 2 Z3 groups, wherein the Z3 groups are the same or
different;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;
R is phenyl optionally substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;
each R a and R is independently H or (CrC 3)alkyl;
Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , wherein the Z l and Z l groups are the
same or different;
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each Z l is independently (C3-C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l COR pl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR

l,

-C(0)NR l R l and

-S(0) 2NR l COR pl , wherein any (C 3-C7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups,
wherein the Z l and Z l d groups are the same or different;
each Z l is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (

-

C 8 )heteroalkyl;

each Z l d is independently (C 1-Cg)alkyl or (C 1-Cg)haloalkyl;

each R l is independently H, (C 1-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (C 1-Cg)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (Ci-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (Ci-Cg)alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (Ci-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (Ci-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
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7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (Ci-C 8)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-Cg)alkenyl or (C 2-Cg)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (Ci-C4)alkyl;
each R 3 and R 3 is independently H or (C 1-C4)alkyl;
each Z2 is independently oxo, (Q-G^alkyl, (C 1-C4)heteroalkyl, or (C 1-C4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S(0) Rp4 , -S(0) NR V 4, -NR V 4, -NR 4CORp4 , -NR 4 C0 Rp4 , 2

2

2

2

NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4R 4 -N0 2, -C(0)R 4 , C(0)OR 4 , or -C(0)NR V 4;
each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (Ci-Cg)alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (Ci-C 4)alkyl, (Ci-C 4)haloalkyl, or (

-

C4)heteroalkyl;
each Z is independently a (C 1-C 4)heteroalkyl or halogen;
each Z4 is independently oxo, (Ci-Cg)alkyl, (C 3-C7)carbocycle, halogen, -CN, -OR 5 , -

NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -C(0)R 5 , -C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C7)carbocycle or (C 1-C 8)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,
wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ; and
each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
or a pharmaceutically acceptable salt thereof.
[0006]

One embodiment provides a compound of formula I
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I
wherein:

A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
Z2 group, and optionally substituted with one or more (e.g., 1 or 2) Z 3 groups;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle of
R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
R is phenyl, 5-membered monocyclic-heteroaryl, 6-membered monocyclic-heteroaryl or
(C 3-C 7)carbocycle, wherein any phenyl, 5-membered monocyclic-heteroaryl, 6-membered

monocyclic-heteroaryl or (C 3-C 7)carbocycle of R is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z 5 groups;

each R andR

is independently selected from H, halogen, (Ci-C 3)alkyl and

(Ci-C 3)haloalkyl, or R a is selected from H, (

-Cs kyl and (CrCs^aloalkyl andR

is selected

from -OH and -CN;
Z 1 is selected from 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle, wherein any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l ;
each Z l is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR l , -OC(0)R pl ,
-OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, -S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl ,
-NR l C0 2Rpl , -NR l CONR l R l , -NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , N0 2,

-C(0)R l , -C(0)OR l , -C(0)NR l R l and -S(0) 2NR l CORpl , wherein any (C 3-C 7)carbocycle, 612 membered aryl, 5-12 membered heteroaryl and 3-12 membered heterocycle of Z l is

optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z ld groups;
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each Z is independently selected from (C 1-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl,
(C 2-C 8)alkenyl and (C 2-C 8)alkynyl of Z l is optionally substituted

wherein any

with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Z l is independently selected from (C 3-C 7)carbocycle, phenyl, 5-6 membered

monocyclic-heteroaryl, 3-7 membered heterocycle, halogen, -CN, -OR 2 , -OC(0)R p2 ,
-OC(0)NR 2R 2 , -SR 2 , -S(0)R p2 , -S(0) 2OH, -S(0) 2Rp2 , -S(0) 2NR 2R 2 , -NR 2R 2 , -NR 2COR p2 ,
-NR 2C0 2Rp2 , -NR 2CONR 2R 2 , -NR 2S(0) 2Rp2 , -NR 2 S(0) 2ORp2 , -NR 2S(0 2NR 2R 2 , N0 2,

-C(0)R 2 , -C(0)OR

2,

-C(0)NR 2R 2 , halophenyl, 5-6 membered haloheteroaryl, 3-7 membered

haloheterocycle and (C 1-Cg)heteroalkyl;
each Z l d is independently selected from (Ci-C )alkyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl and

each R l is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3 -C 7 )carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of R l is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Rpl is independently selected from (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3 -C 7 )carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of Rpl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (Ci-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Rpl is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
R l and R l are each independently selected from H, (CrCg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl and phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6
membered monocyclic-heteroaryl and phenyl of R

l

or R l is optionally substituted with one or

more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and
(C 2-Cg)alkynyl of R

l

or R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l

groups, or R l and R l together with the nitrogen to which they are attached form a 5, 6 or 7-

membered heterocycle, wherein the 5, 6 or 7-membered heterocycle is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups;
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each R is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

each Rp2 is independently selected from (C 1-C 8)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

R 2 and R 2 are each independently selected from H, (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl, phenyl, halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered
haloheterocycle, (C 1-Cg)haloalkyl and (C 1-Cg)heteroalkyl, or R 2 and R 2 together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle;
Z is selected from (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3

and -C(0)NR R 3 ,

wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl and 3-12 membered Clinked-heterocycle of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups, and wherein any (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Z2 is optionally substituted
with one or more (e.g.,1, 2, 3, 4, or 5) Z2 groups;
each Z2 is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR 4 , -OC(0)R p4 ,
-OC(0)NR 4 R 4 , -SR 4 , -S(0)R p4 , -S(0) 2OH, -S(0) 2Rp4 , -S(0) 2NR 4 R 4 , -NR 4R 4 , -NR 4 COR p4 ,
-NR 4 C0 2Rp4 , -NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4 R 4,N0 2,
-C(0)R 4 , -C(0)OR 4 and -C(0)NR V 4, wherein any (C -C )carbocycle, 6-12 membered aryl,
3

7

5-12 membered heteroaryl and 3-12 membered heterocycle of Z2 is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z2 or Z2 groups;
each Z2 is independently selected from (Ci-C4)alkyl, (C 1-C4)heteroalkyl and (

-

C4)haloalkyl;
each Z2 is independently selected from halogen, -CN, -OR 4 , -OC(0)R p4 ,

-OC(0)NR 4 R 4 , -SR 4 , -S(0)R p4 , -S(0) 2OH, -S(0) 2Rp4 , -S(0) 2NR 4 R 4 , -NR 4R 4 , -NR 4 COR p4 ,
-NR 4 C0 2Rp4 , -NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4 R 4,N0 2,
-C(0)R 4 , -C(0)OR 4 and -C(0)NR V 4;
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each R is independently selected from H, (C 1-C4)alkyl, (C 2-C4)alkenyl,
(C 3-C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3-C7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
Z2 or Z2 groups, and wherein any (C 1-C 4)alkyl, (C 2-C 4)alkenyl and (C 2-C 4)alkynyl of R is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups;
R and R are each independently selected from H, (CrC 4)alkyl, (C 2-C4)alkenyl,
(C 3-C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3-C7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R 3 or R 3 is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z2 or Z2 groups, and wherein any (CrC 4)alkyl and (C 2-C 4)alkenyl of R 3 or R 3 is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups, or R 3 and R 3 together
with the nitrogen to which they are attached form a heterocycle or heteroaryl, wherein the
heterocycle or heteroaryl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups;
each R 4 is independently selected from H, (CrC 4)alkyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl,
(Ci-C 4)haloalkyl and (C 1-C 4)heteroalkyl;
each Rp4 is independently selected from (C 1-Cg)alkyl, (C 2-C 4)alkenyl, (C 2-C4)alkynyl,
(Ci-C 4)haloalkyl and (Ci-C 4)heteroalkyl;
R 4 and R 4 are each independently selected from H, (CrC 4)alkyl, (C 2-C4)alkenyl, (C 2C4)alkynyl, (Ci-C 4)haloalkyl and (C 1-C4)heteroalkyl;
each Z is independently selected from halogen, (Q-G^alkyl, -OH, -CN, (C C4)heteroalkyl and (C 1-C4)haloalkyl;
each Z4 is independently selected from (

-C

kyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl,

(C 3-C 7)carbocycle, halogen, -CN, -OR 5 , -OC(0)R p5 , -OC(0)NR

5R 5 ,

-SR 5 , -S(0)R p5 ,

-S(0) 2OH, -S(0) 2Rp5 , -S(0) 2NR 5 R 5 , -NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -NR 5CONR 5R 5 ,
-NR 5 S(0) 2Rp5 , -NR 5 S(0) 2ORp5 , -NR 5 S(0) 2NR 5R 5 , N0 2, -C(0)R 5 , -C(0)OR

5

and

-C(0)NR 5R 5 , wherein any (C3-C7 )carbocycle, of Z4 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z4 or Z4 groups, and wherein any

(C 2-Cg)alkenyl and (C 2-

Cg)alkynyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
each Z4a is independently selected from halogen, -CN, -OR 6 , -OC(0)R p6 ,

-OC(0)NR 6R 6 , -SR 6 , -S(0)R p6 , -S(0) 2OH, -S(0) 2Rp6 , -S C NR R 6 , -NR 6R 6 , -NR 6CORp6 ,
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-NR 6C0 2Rp6 , -NR 6CONR 6R 6 , -NR 6S(0) 2Rp6 , -NR 6 S(0) 2ORp6 , -NR 6S(0) 2NR 6R 6 , N0 2,

-C(0)R 6 , -C(0)OR

6

and -C(0)NR 6R 6 ;

each Z4 is independently selected from (Ci-C4)alkyl, (C 2-C4)alkenyl (C 2-C4)alkynyl and

(Ci-C 4)haloalkyl;
each R 5 is independently selected from H, (Q-G^alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp5 is independently selected from (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (Cr

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 5 and R 5 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each R 6 is independently selected from H, (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp6 is independently selected from (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 6 and R 6 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Z5 is independently selected from (C 1-C 6)alkyl, halogen, -CN and -OR 7 ,

wherein any (C 1-C 6)alkyl of Z5 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
halogen; and
each R is independently selected from H, (Q-C^alkyl, (Q-C^haloalkyl and
(C3-C7

)carbocycle;

or a pharmaceutically acceptable salt thereof.
[0007]

One embodiment provides a pharmaceutical composition comprising a compound of

formula I or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier. Another embodiment provides a pharmaceutical composition comprising a compound as
detailed herein, including a compound of any one of formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia,
Illb, IIIc, Hid, Hie, Illf, Illg,

h, Illi, Illj, and Illk, or a pharmaceutically acceptable salt

thereof, and a pharmaceutically acceptable carrier.
[0008]

One embodiment provides a pharmaceutical composition comprising a compound of

formula I or a pharmaceutically acceptable salt thereof; and an additional therapeutic agent,
wherein the additional therapeutic agent is an HIV protease inhibiting compound, an HIV nonnucleoside inhibitor of reverse transcriptase, an HIV nucleoside inhibitor of reverse
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transcriptase, an HIV nucleotide inhibitor of reverse transcriptase, an HIV integrase inhibitor, a
gp41 inhibitor, a CXCR4 inhibitor, a gpl20 inhibitor, a CCR5 inhibitor, a capsid polymerization

inhibitor, or a non-catalytic site HIV integrase inhibitor and combinations thereof. Another
embodiment provides a pharmaceutical composition comprising a compound of anty one of
formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc, Hid, Ille, Illf, Illg, Illh, Illi, Illj, and Illk, or
a pharmaceutically acceptable salt thereof; and an additional therapeutic agent, wherein the
additional therapeutic agent is an HIV protease inhibiting compound, an HIV non-nucleoside
inhibitor of reverse transcriptase, an HIV nucleoside inhibitor of reverse transcriptase, an HIV
nucleotide inhibitor of reverse transcriptase, an HIV integrase inhibitor, a gp41 inhibitor, a
CXCR4 inhibitor, a gpl20 inhibitor, a CCR5 inhibitor, a capsid polymerization inhibitor, or a
non-catalytic site HIV integrase inhibitor and combinations thereof.
[0009]

One embodiment provides a method for treating a Retroviridae viral infection (e.g., an

HIV viral infection) in a mammal (e.g., a human), comprising administering a compound of

formula I, or a pharmaceutically acceptable salt thereof, to the mammal. Another embodiment
provides a method for treating a Retroviridae viral infection (e.g., an HIV viral infection) in a
mammal (e.g., a human), comprising administering a compound as detailed herein, including a
compound of any one of formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc, Hid, Ille, Illf, Illg,
Illh, Illi, Illj, and Illk, or a pharmaceutically acceptable salt thereof, to the mammal. Another
embodiment provides a method for treating a HIV infection in a patient in need thereof
comprising administering a therapeutically effective amount of a compound as detailed herein,
or a pharmaceutically acceptable salt thereof, to the patient.
[0010]

One embodiment provides a method for inhibiting the proliferation of the HIV virus,

treating AIDS or delaying the onset of AIDS or ARC symptoms in a mammal (e.g., a human),
comprising administering a compound of formula I, or a pharmaceutically acceptable salt
thereof, to the mammal. Another embodiment provides a method for inhibiting the proliferation

of the HIV virus, treating AIDS or delaying the onset of AIDS or ARC symptoms in a mammal
(e.g., a human), comprising administering a compound as detailed herein, including a compound

of any one of formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc, Hid, Ille, Illf, Illg, Illh, Illi,
Illj, and Illk, or a pharmaceutically acceptable salt thereof, to the mammal.
[0011]

One embodiment provides a method for treating an HIV infection in a mammal (e.g., a

human), comprising administering a compound of formula I, or a pharmaceutically acceptable
salt thereof, to the mammal. Another embodiment provides a method for treating an HIV
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infection in a mammal (e.g., a human), comprising administering a compound as detailed herein,
including a compound of any one of formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc, Hid,
Hie, Illf, Illg,

h, Illi, Illj, and Illk, or a pharmaceutically acceptable salt thereof, to the

mammal.
[0012]

One embodiment provides a method for treating an HIV infection in a mammal (e.g., a

human), comprising administering to the mammal in need thereof a therapeutically effective
amount of a compound of formula I, or a pharmaceutically acceptable salt thereof, in
combination with a therapeutically effective amount of one or more additional therapeutic agents
selected from the group consisting of HIV protease inhibiting compounds, HIV non-nucleoside

inhibitors of reverse transcriptase, HIV nucleoside inhibitors of reverse transcriptase, HIV
nucleotide inhibitors of reverse transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4
inhibitors, gpl20 inhibitors, CCR5 inhibitors, capsid polymerization inhibitors, and other drugs
for treating HIV, and combinations thereof. Another embodiment provides a method for treating
an HIV infection in a mammal (e.g., a human), comprising administering to the mammal in need

thereof a therapeutically effective amount of a compound of any one of formulas I, la, lb, Ic, Id,
Ie, If, Ig, III, Ilia, Illb, IIIc, Hid, Hie, Illf, Illg, Illh, Illi, Illj, and Illk, or a pharmaceutically

acceptable salt thereof, in combination with a therapeutically effective amount of one or more
additional therapeutic agents selected from the group consisting of HIV protease inhibiting
compounds, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside inhibitors of
reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HIV integrase
inhibitors, gp41 inhibitors, CXCR4 inhibitors, gpl20 inhibitors, CCR5 inhibitors, capsid
polymerization inhibitors, and other drugs for treating HIV, and combinations thereof. Another
embodiment provides a method for treating an HIV infection in a patient in need thereof
comprising administering to the patient a therapeutically effective amount of a compound as
described herein, or a pharmaceutically acceptable salt thereof, in combination with a
therapeutically effective amount of an additional therapeutic agent, wherein the additional
therapeutic agent is an HIV protease inhibiting compound, an HIV non-nucleoside inhibitor of
reverse transcriptase, an HIV nucleoside inhibitor of reverse transcriptase, an HIV nucleotide
inhibitor of reverse transcriptase, an HIV integrase inhibitor, a gp41 inhibitor, a CXCR4
inhibitor, a gpl20 inhibitor, a CCR5 inhibitor, a capsid polymerization inhibitor, or a noncatalytic site HIV integrase site inhibitor and combinations thereof.
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[0013]

One embodiment provides a method for treating an HIV infection in a mammal (e.g., a

human), comprising administering to the mammal in need thereof a therapeutically effective
amount of a compound of formula I, or a pharmaceutically acceptable salt thereof, in
combination with a therapeutically effective amount of one or more additional therapeutic agents
selected from the group consisting of HIV protease inhibiting compounds, HIV non-nucleoside

inhibitors of reverse transcriptase, HIV nucleoside inhibitors of reverse transcriptase, HIV
nucleotide inhibitors of reverse transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4
inhibitors, gpl20 inhibitors, CCR5 inhibitors, capsid polymerization inhibitors, and non-catalytic
site HIV integrase inhibitors, and combinations thereof. Another embodiment provides a

method for treating an HIV infection in a mammal (e.g., a human), comprising administering to
the mammal in need thereof a therapeutically effective amount of a compound as detailed herein,

including a compound of any one of formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc, Hid,
Hie, Illf, Illg,

h, Illi, Illj, and Illk, or a pharmaceutically acceptable salt thereof, in

combination with a therapeutically effective amount of one or more additional therapeutic agents
selected from the group consisting of HIV protease inhibiting compounds, HIV non-nucleoside

inhibitors of reverse transcriptase, HIV nucleoside inhibitors of reverse transcriptase, HIV
nucleotide inhibitors of reverse transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4
inhibitors, gpl20 inhibitors, CCR5 inhibitors, capsid polymerization inhibitors, and non-catalytic
site HIV integrase inhibitors, and combinations thereof.

[0014]

One embodiment provides a compound of formula I, or a pharmaceutically acceptable

salt thereof for use in medical therapy (e.g., for use in treating a Retroviridae viral infection
(e.g., an HIV viral infection) or the proliferation of the HIV virus or AIDS or delaying the onset

of AIDS or ARC symptoms in a mammal (e.g., a human)). Another embodiment provides a
compound as detailed herein, including a compound of any one of formulas I, la, lb, Ic, Id, Ie, If,
Ig, III, Ilia, Illb, IIIc, Hid, Hie, Illf, Illg, Illh, Illi, Illj, and Illk, or a pharmaceutically acceptable

salt thereof, for use in medical therapy (e.g., for use in treating a Retroviridae viral infection
(e.g., an HIV viral infection) or the proliferation of the HIV virus or AIDS or delaying the onset

of AIDS or ARC symptoms in a mammal (e.g., a human)).
[0015]

One embodiment provides a compound of formula I, or a pharmaceutically acceptable

salt thereof for use in the manufacture of a medicament for treating a Retroviridae viral infection
(e.g., an HIV viral infection) or the proliferation of the HIV virus or AIDS or delaying the onset

of AIDS or ARC symptoms in a mammal (e.g., a human). Another embodiment provides a
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compound as detailed herein, including a compound of any one of formulas I, la, lb, Ic, Id, le, If,
Ig, III, Ilia, Illb, IIIc, Hid, Hie, Illf, Illg, Illh, Illi, Illj, and Illk, or a pharmaceutically acceptable

salt thereof, for use in the manufacture of a medicament for treating a Retroviridae viral

infection (e.g., an HIV viral infection) or the proliferation of the HIV virus or AIDS or delaying
the onset of AIDS or ARC symptoms in a mammal (e.g., a human).
[0016]

One embodiment provides a compound of formula I, or a pharmaceutically acceptable

salt thereof, for use in the prophylactic or therapeutic treatment of the proliferation of a

Retroviridae virus, an HIV virus or AIDS or for use in the therapeutic treatment of delaying the
onset of AIDS or ARC symptoms. Another embodiment provides a compound as detailed
herein, including a compound of any one of formulas I, la, lb, Ic, Id, le, If, Ig, III, Ilia, Illb, IIIc,
Hid, Hie, Illf, Illg,

h, Illi, Illj, and Illk, or a pharmaceutically acceptable salt thereof, for use

in the prophylactic or therapeutic treatment of the proliferation of a Retroviridae virus, an HIV

virus or AIDS or for use in the therapeutic treatment of delaying the onset of AIDS or ARC
symptoms.
[0017]

One embodiment provides a compound of formula I, or a pharmaceutically acceptable

salt thereof, for use in the prophylactic or therapeutic treatment of a Retroviridae virus infection
(e.g., an HIV virus infection). Another embodiment provides a compound as detailed herein,

including a compound of any one of formulas I, la, lb, Ic, Id, le, If, Ig, III, Ilia, Illb, IIIc, Hid,
Hie, Illf, Illg, fflh, Illi, Illj, and Illk, or a pharmaceutically acceptable salt thereof, for use in the

prophylactic or therapeutic treatment of a Retroviridae virus infection (e.g., an HIV virus
infection).
[0018]

One embodiment provides the use of a compound of formula I, or a pharmaceutically

acceptable salt thereof, for the manufacture of a medicament for a Retroviridae virus infection
(e.g., an HIV virus infection) in a mammal (e.g., a human). Another embodiment provides a

compound as detailed herein, including a compound of any one of formulas I, la, lb, Ic, Id, le, If,
Ig, III, Ilia, Illb, IIIc, Hid, Hie, Illf, Illg, Illh, Illi, Illj, and Illk, or a pharmaceutically acceptable

salt thereof, for the manufacture of a medicament for a Retroviridae virus infection (e.g., an HIV

virus infection) in a mammal (e.g., a human).
[0019]

One embodiment provides processes and intermediates disclosed herein that are useful

for preparing compounds of formula I or salts thereof. Another embodiment provides processes
and intermediates disclosed herein that are useful for preparing compounds of any one of
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formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc, Hid, Ille, Illf, Illg, Illh, Illi, Illj, and Illk, or
salts thereof.
[0020]

Other embodiments, objects, features and advantages will be set forth in the detailed

description of the embodiments that follows, and in part will be apparent from the description, or
may be learned by practice, of the claimed invention. These objects and advantages will be
realized and attained by the processes and compositions particularly pointed out in the written
description and claims hereof. The foregoing Summary has been made with the understanding
that it is to be considered as a brief and general synopsis of some of the embodiments disclosed
herein, is provided solely for the benefit and convenience of the reader, and is not intended to
limit in any manner the scope, or range of equivalents, to which the appended claims are
lawfully entitled.
DETAILED DESCRIPTION
[0021]

The description below is made with the understanding that the present disclosure is to

be considered as an exemplification of the claimed subject matter, and is not intended to limit
the appended claims to the specific embodiments illustrated. The headings used throughout this
disclosure are provided for convenience only and are not to be construed to limit the claims in
any way. Embodiments illustrated under any heading may be combined with embodiments

illustrated under any other heading.
Definitions
[0022]

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art. A dash at the front or end
of a chemical group is a matter of convenience; chemical groups may be depicted with or
without one or more dashes without losing their ordinary meaning. A wavy line drawn through
a line in a structure indicates a point of attachment of a group. A dashed line indicates an
optional bond. A prefix such as "Cu_v" or (Cu-Cv) indicates that the following group has from u
to v carbon atoms. For example, "C alky!" indicates that the alkyl group has from 1 to 6

carbon atoms.
[0023]

Unless stated otherwise, the following terms and phrases as used herein are intended to

have the following meanings:
[0024]

When trade names are used herein, applicants intend to independently include the

tradename product and the active pharmaceutical ingredient(s) of the tradename product.
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[0025]

"Alkyl" is a straight or branched saturated hydrocarbon. For example, an alkyl group

can have 1 to 8 carbon atoms (i.e., (Ci -C )alkyl) or 1 to 6 carbon atoms (i.e., (CrC 6 alkyl) or 1
to 4 carbon atoms (i.e., (C 1-C4)alkyl). Examples of suitable alkyl groups include, but are not

limited to, methyl (Me, -CH3), ethyl (Et, -CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2propyl (i-Pr, i-propyl, -CH(CH3)2), 1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3), 2-methyl-lpropyl (i-Bu, i-butyl, -CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH2CH3), 2-methyl-2propyl (t-Bu, t-butyl, -C(CH3)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3), 2-pentyl
(-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3)2CH2CH3),

3-methyl-2-butyl (-CH(CH3)CH(CH3)2), 3-methyl- 1-butyl (-CH2CH2CH(CH3)2), 2-methyl-lbutyl (-CH2CH(CH3)CH2CH3), 1-hexyl (-CH2CH2CH2CH2CH2CH3), 2-hexyl
(-CH(CH3)CH2CH2CH2CH3), 3-hexyl (-CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl
(-C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH3)CH(CH3)CH2CH3), 4-methyl-2-pentyl
(-CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (CH(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl (CH(CH3)C(CH3)3 , and octyl (-(CH2) CH3) .

[0026]

"Alkenyl" is a straight or branched hydrocarbon with at least one carbon-carbon, sp 2

double bond. For example, an alkenyl group can have 2 to 8 carbon atoms (i.e., C2-C alkenyl),
or 2 to 6 carbon atoms (i.e., C2-C 6 alkenyl). Examples of suitable alkenyl groups include, but
are not limited to, ethylene or vinyl (-CH=CH2), allyl (-CH2CH=CH2) and 5-hexenyl
(-CH2CH2CH2CH2CH=CH2) .

[0027]

"Alkynyl" is a straight or branched hydrocarbon with at least one carbon-carbon, sp

triple bond. For example, an alkynyl group can have 2 to 8 carbon atoms (i.e., C2-C alkyne,) or
2 to 6 carbon atoms (i.e., C2-C6 alkynyl). Examples of suitable alkynyl groups include, but are
not limited to, acetylenic (-C ≡ CH), propargyl (-CH2C≡ CH), and the like.
[0028]

The term "halo" or "halogen" as used herein refers to fluoro, chloro, bromo and iodo.

[0029]

The term "haloalkyl" as used herein refers to an alkyl as defined herein, wherein one or

more hydrogen atoms of the alkyl are each independently replaced by a halo substituent. For
example, (C 1-C6)haloalkyl is a (Ci -C 6)alkyl wherein one or more of the hydrogen atoms of the
(Ci -C 6)alkyl have been replaced by a halo substituent. Examples of haloalkyls include but are

not limited to fluoromethyl, fluorochloromethyl, difluoromethyl, difluorochloromethyl,
trifluoromethyl, 1,1,1, trifluoroethyl and pentafluoroethyl.
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[0030]

The term "heteroalkyl" as used herein refers to an alkyl as defined herein, wherein one

or more of the carbon atoms of the alkyl are replaced by an O, S, or NR , (or if the carbon atom
being replaced is a terminal carbon with an OH, SH or N(R )2) wherein each R is independently
H or (C 1-C6 )alkyl. For example, (C 1-Cg)heteroalkyl includes a heteroalkyl of one to eight
carbons and one or more heteroatoms (e.g., O, S, NR , OH, SH or N(R )2) . Thus, for example, a
C i heteroalkyl encompasses, e.g., -CH2-NH2 . Examples of heteroalkyls include but are not

limited to methoxymethyl, ethoxymethyl, methoxy, 2-hydroxyethyl and Ν ,Ν ' dimethylpropylamine.
[0031]

The term "aryl" as used herein refers to a single all carbon aromatic ring or a multiple

condensed all carbon ring system wherein at least one of the rings is aromatic. For example, in
certain embodiments, an aryl group has 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 12

carbon atoms. Aryl includes a phenyl radical. Aryl also includes multiple condensed ring

systems (e.g., ring systems comprising 2, 3 or 4 rings) having about 9 to 20 carbon atoms in

which at least one ring is aromatic and wherein the other rings may be aromatic or not aromatic
(i.e., carbocycle). Such multiple condensed ring systems are optionally substituted with one or

more (e.g., 1, 2 or 3) oxo groups on any carbocycle portion of the multiple condensed ring
system. The rings of the multiple condensed ring system can be connected to each other via

fused, spiro and bridged bonds when allowed by valency requirements. It is to be understood
that the point of attachment of a multiple condensed ring system, as defined above, can be at any
position of the ring system including an aromatic or a carbocycle portion of the ring. It is also to
be understood that when reference is made to a certain atom-range membered aryl (e.g., 6-12
membered aryl), the atom range is for the total ring atoms of the aryl. For example, a 6membered aryl would include phenyl and a 10-membered aryl would include naphthyl and 1, 2,
3, 4-tetrahydronaphthyl. Non-limiting examples of aryl groups include, but are not limited to,

phenyl, indenyl, naphthyl, 1, 2, 3, 4-tetrahydronaphthyl, anthracenyl, and the like.
[0032]

The term "heteroaryl" as used herein refers to a single aromatic ring that has at least

one atom other than carbon in the ring, wherein the atom is selected from the group consisting of

oxygen, nitrogen and sulfur; "heteroaryl" also includes multiple condensed ring systems that

have at least one such aromatic ring, which multiple condensed ring systems are further
described below. Thus, "heteroaryl" includes single aromatic rings of from about 1 to 6 carbon
atoms and about 1-4 heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur. The sulfur and nitrogen atoms may also be present in an oxidized form provided the ring
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is aromatic. Exemplary heteroaryl ring systems include but are not limited to pyridyl,

pyrimidinyl, oxazolyl or furyl. "Heteroaryl" also includes multiple condensed ring systems
(e.g., ring systems comprising 2, 3 or 4 rings) wherein a heteroaryl group, as defined above, is

condensed with one or more rings selected from heteroaryls (to form for example 1,8naphthyridinyl), heterocycles, (to form for example l,2,3,4-tetrahydro-l,8-naphthyridinyl),
carbocycles (to form for example 5,6,7, 8-tetrahydroquinolyl) and aryls (to form for example
indazolyl) to form the multiple condensed ring system. Thus, a heteroaryl (a single aromatic
ring or multiple condensed ring system) has about 1-20 carbon atoms and about 1-6 heteroatoms
within the heteroaryl ring. Such multiple condensed ring systems may be optionally substituted
with one or more (e.g., 1, 2, 3 or 4) oxo groups on the carbocycle or heterocycle portions of the
condensed ring. The rings of the multiple condensed ring system can be connected to each other
via fused, spiro and bridged bonds when allowed by valency requirements. It is to be
understood that the individual rings of the multiple condensed ring system may be connected in
any order relative to one another. It is also to be understood that the point of attachment of a
multiple condensed ring system (as defined above for a heteroaryl) can be at any position of the
multiple condensed ring system including a heteroaryl, heterocycle, aryl or carbocycle portion of
the multiple condensed ring system. It is also to be understood that the point of attachment for a
heteroaryl or heteroaryl multiple condensed ring system can be at any suitable atom of the
heteroaryl or heteroaryl multiple condensed ring system including a carbon atom and a
heteroatom (e.g., a nitrogen). It also to be understood that when a reference is made to a certain
atom-range membered heteroaryl (e.g., a 5-14 membered heteroaryl), the atom range is for the
total ring atoms of the heteroaryl and includes carbon atoms and heteroatoms. For example, a 5membered heteroaryl would include a thiazolyl and a 10-membered heteroaryl would include a
quinolinyl. Exemplary heteroaryls include but are not limited to pyridyl, pyrrolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, pyrazolyl, thienyl, indolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl,
furyl, oxadiazolyl, thiadiazolyl, quinolyl, isoquinolyl, benzothiazolyl, benzoxazolyl, indazolyl,

quinoxalyl, quinazolyl, 5,6,7,8-tetrahydroisoquinolinyl benzofuranyl, benzimidazolyl,
thianaphthenyl, pyrrolo[2,3-b]pyridinyl, quinazolinyl-4(3H)-one, triazolyl, 4,5,6,7-tetrahydrolH-indazole and 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole.
[0033]

The term "C-linked-heteroaryl" (carbon-linked heteroaryl) as used herein refers to a

heteroaryl that is linked at a carbon atom of the heteroaryl to the remainder of the compound of
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formula I (e.g., a C-linked-heteroaryl of Z bonded to the A ring of formula I through a carbon
atom of the C-linked-heteroaryl).
[0034]

The term "heterocyclyl" or "heterocycle" as used herein refers to a single saturated or

partially unsaturated ring that has at least one atom other than carbon in the ring, wherein the
atom is selected from the group consisting of oxygen, nitrogen and sulfur; the term also includes
multiple condensed ring systems that have at least one such saturated or partially unsaturated
ring, which multiple condensed ring systems are further described below. Thus, the term

includes single saturated or partially unsaturated rings (e.g., 3, 4, 5, 6 or 7-membered rings) from
about 1 to 6 carbon atoms and from about 1 to 3 heteroatoms selected from the group consisting
of oxygen, nitrogen and sulfur in the ring. The ring may be substituted with one or more (e.g., 1,
2 or 3) oxo groups and the sulfur and nitrogen atoms may also be present in their oxidized forms.
Exemplary heterocycles include but are not limited to azetidinyl, tetrahydrofuranyl and
piperidinyl. The term "heterocycle" also includes multiple condensed ring systems (e.g., ring
systems comprising 2, 3 or 4 rings) wherein a single heterocycle ring (as defined above) can be

condensed with one or more groups selected from heterocycles (to form for example a 1,8decahydronapthyridinyl ), carbocycles (to form for example a decahydroquinolyl) and aryls to
form the multiple condensed ring system. Thus, a heterocycle (a single saturated or single
partially unsaturated ring or multiple condensed ring system) has about 2-20 carbon atoms and
1-6 heteroatoms within the heterocycle ring. Such multiple condensed ring systems may be

optionally substituted with one or more (e.g., 1, 2, 3 or 4) oxo groups on the carbocycle or
heterocycle portions of the multiple condensed ring. The rings of the multiple condensed ring
system can be connected to each other via fused, spiro and bridged bonds when allowed by

valency requirements. It is to be understood that the individual rings of the multiple condensed
ring system may be connected in any order relative to one another. It is also to be understood

that the point of attachment of a multiple condensed ring system (as defined above for a
heterocycle) can be at any position of the multiple condensed ring system including a
heterocycle, aryl and carbocycle portion of the ring. It is also to be understood that the point of
attachment for a heterocycle or heterocycle multiple condensed ring system can be at any
suitable atom of the heterocycle or heterocycle multiple condensed ring system including a

carbon atom and a heteroatom (e.g., a nitrogen). It is also to be understood that when reference
is made to a certain atom-range membered heterocycle (e.g., a 3-14 membered heterocycle), the

atom range is for the total ring atoms of the heterocycle and includes carbon atoms and
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heteroatoms. For example, a 3-membered heterocycle would include an aziridinyl and a 10membered heterocycle would include a 1,2,3,4- tetrahydroquinolyl. Exemplary heterocycles
include, but are not limited to aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, homopiperidinyl,
morpholinyl, thiomorpholinyl, piperazinyl, tetrahydrofuranyl, dihydrooxazolyl,
tetrahydropyranyl, tetrahydrothiopyranyl, 1,2,3,4- tetrahydroquinolyl, benzoxazinyl,
dihydrooxazolyl, chromanyl, 1,2-dihydropyridinyl, 2,3-dihydrobenzofuranyl, 1,3-benzodioxolyl,
1,4-benzodioxanyl, spiro[cyclopropane-l,l'-isoindolinyl]-3'-one,

isoindolinyl-l-one, 2-oxa-6-

azaspiro[3.3]heptanyl, imidazolidin-2-one and pyrrolidin-2-one.
[0035]

The term "C-linked-heterocycle" (carbon-linked heterocycle) as used herein refers to a

"heterocycle that is linked at a carbon atom of the heterocycle to the remainder of the compound
of formula I (e.g., a C-linked-heterocycle of Z bonded to the A ring of formula I through a
carbon atom of the C-linked-heterocycle).
[0036]

The term "carbocycle" or "carbocyclyl" refers to a single saturated (i.e., cycloalkyl) or

a single partially unsaturated (e.g., cycloalkenyl, cycloalkadienyl, etc.) all carbon ring having 3
to 7 carbon atoms (i.e., (CrC 7)carbocycle). The term "carbocycle" or "carbocyclyl" also
includes multiple condensed, saturated and partially unsaturated all carbon ring systems (e.g.,

ring systems comprising 2, 3 or 4 carbocyclic rings). Accordingly, carbocycle includes
multicyclic carbocyles such as a bicyclic carbocycles (e.g., bicyclic carbocycles having about 6
to 12 carbon atoms such as bicyclo[3.1.0]hexane and bicyclo[2.1.1]hexane), and polycyclic

carbocycles (e.g tricyclic and tetracyclic carbocycles with up to about 20 carbon atoms). The
rings of the multiple condensed ring system can be connected to each other via fused, spiro and
bridged bonds when allowed by valency requirements. For example, multicyclic carbocyles can
be connected to each other via a single carbon atom to form a spiro connection (e.g.,
spiropentane, spiro[4,5]decane, etc), via two adjacent carbon atoms to form a fused connection
(e.g., carbocycles such as decahydronaphthalene, norsabinane, norcarane) or via two non-

adjacent carbon atoms to form a bridged connection (e.g., norbornane, bicyclo[2.2.2]octane, etc).
The "carbocycle" or "carbocyclyl" can also be optionally substituted with one or more (e.g., 1, 2

or 3) oxo groups. Non-limiting examples of monocyclic carbocycles include cyclopropyl,
cyclobutyl, cyclopentyl, 1-cyclopent-l-enyl, l-cyclopent-2-enyl, l-cyclopent-3-enyl, cyclohexyl,
1-cyclohex-l-enyl, l-cyclohex-2-enyl and l-cyclohex-3-enyl.
[0037]

The term "halophenyl" as used herein refers to phenyl, wherein one or more (e.g., 1, 2,

3, 4 or 5) hydrogen atoms of the phenyl are each replaced independently by a halo substituent.
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Examples of halophenyl include but are not limited to fluorophenyl, 2,3-dichlorophenyl, 3bromo-4-fluorophenyl and pentafluorophenyl.
[0038]

The term "haloheteroaryl" as used herein refers to a heteroaryl, wherein one or more

(e.g., 1, 2, 3, 4 or 5) hydrogen atoms of the heteroaryl are each replaced independently by a halo

substituent. Examples of haloheteroaryl include but are not limited to 2-fluorofuryl, 2,3-

dichloropyridinyl and 8-chloro-3-fluoroquinolinyl.
[0039]

The term "haloheterocycle" as used herein refers to a heterocycle, wherein one or more

(e.g., 1, 2, 3, 4 or 5) hydrogen atoms of the heterocycle are each replaced independently by a

halo substituent. Examples of haloheteroaryl include but are not limited to 2-fluoropiperidinyl,
2-chloro-3-fluoropiperazinyl and 3-bromopyrrolidinyl.
[0040]

One skilled in the art will recognize that substituents and other moieties of the

compounds of formula I should be selected in order to provide a compound which is sufficiently
stable to provide a pharmaceutically useful compound which can be formulated into an

acceptably stable pharmaceutical composition. Compounds of formula I which have such
stability are contemplated as falling within the scope of the present invention. Similarly, one
skilled in the art will recognize that substituents and other moieties of the compounds detailed
herein, including a compound of any one of formulas I, la, lb, Ic, Id, Ie, If, Ig, III, Ilia, Illb, IIIc,
Hid, Hie, Illf, Illg,

h, Illi, Illj, and Illk, or a pharmaceutically acceptable salt thereof, should

be selected in order to provide a compound which is sufficiently stable to provide a
pharmaceutically useful compound which can be formulated into an acceptably stable
pharmaceutical composition. Compounds as detailed herein which have such stability are
contemplated as falling within the scope of the present invention.
[0041]

The modifier "about" used in connection with a quantity is inclusive of the stated value

and has the meaning dictated by the context (e.g., includes the degree of error associated with

measurement of the particular quantity). The word "about" may also be represented symbolically
by "~" in the context of a chemical measurement (e.g., ~ 50 mg or pH ~ 7).
[0042]

The term "treatment" or "treating," to the extent it relates to a disease or condition

includes preventing the disease or condition from occurring, inhibiting the disease or condition,
eliminating the disease or condition, and/or relieving one or more symptoms of the disease or
condition.
[0043]

In one embodiment, "treatment" or "treating" include one or more of the following: a)

inhibiting the disease or condition (e.g., decreasing one or more symptoms resulting from the
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disease or condition, and/or diminishing the extent of the disease or condition); b) slowing or
arresting the development of one or more symptoms associated with the disease or condition
(e.g., stabilizing the disease or condition, delaying the worsening or progression of the disease or

condition); and c) relieving the disease or condition, e.g., causing the regression of clinical
symptoms, ameliorating the disease state, delaying the progression of the disease, increasing the

quality of life, and/or prolonging survival.
Stereoisomers
[0044]

Stereochemical definitions and conventions used herein generally follow S . P. Parker,

Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New

York; and Eliel, E . and Wilen, S., Stereochemistry of Organic Compounds (1994) John Wiley &
Sons, Inc., New York.
[0045]

The term "chiral" refers to molecules which have the property of non-

superimposability of the mirror image partner, while the term "achiral" refers to molecules
which are superimposable on their mirror image partner.
[0046]

The term "stereoisomers" refers to compounds which have identical chemical

constitution, but differ with regard to the arrangement of the atoms or groups in space.
[0047]

"Diastereomer" refers to a stereoisomer with two or more centers or axes of chirality

and whose molecules are not mirror images of one another. Diastereomers typically have
different physical properties, e.g., melting points, boiling points, spectral properties, and
reactivities. Mixtures of diastereomers may separate under high resolution analytical procedures
such as electrophoresis and chromatography.
[0048]

"Enantiomers" refer to two stereoisomers of a compound which are non-

superimposable mirror images of one another.
[0049]

The compounds disclosed herein may have chiral centers, e.g., chiral carbon atoms.

Such compounds thus include racemic mixtures of all stereoisomers, including enantiomers,

diastereomers, and atropisomers. In addition, the compounds disclosed herein include enriched
or resolved optical isomers at any or all asymmetric, chiral atoms. Similarly, compositions
disclosed herein also include racemic mixtures of all stereoisomers, including enantiomers,
diastereomers, and atropisomers of compounds disclosed herein. In addition, the compounds
and compositions disclosed herein include enriched or resolved optical isomers at any or all
asymmetric, chiral atoms. In other words, the chiral centers apparent from the depictions are
provided as the chiral isomers or racemic mixtures. Both racemic and diastereomeric mixtures,
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as well as the individual optical isomers isolated or synthesized, substantially free of their

enantiomeric or diastereomeric partners, are all within the scope of the invention. The racemic
mixtures can be separated into their individual, substantially optically pure isomers through
well-known techniques such as, for example, the separation of diastereomeric salts formed with
optically active adjuncts, e.g., acids or bases followed by conversion back to the optically active
substances. The desired optical isomer can also be synthesized by means of stereo specific

reactions, beginning with the appropriate stereoisomer of the desired starting material.
[0050]

The invention includes any or all of the stereochemical forms, including any

enantiomeric or diastereomeric forms and geometric isomers of the compounds described, or
mixtures thereof. Unless stereochemistry is explicitly indicated in a chemical structure or name,
the structure or name is intended to embrace all possible stereoisomers, including geometric
isomers, of a compound depicted. Compositions comprising a compound of the invention are
also intended, such as a composition of substantially pure compound, including a specific

stereochemical form, including a specific geometric isomer, thereof. Compositions comprising a
mixture of compounds of the invention in any ratio are also embraced by the invention,
including mixtures of two or more stereochemical forms of a compound of the invention in any
ratio, such that racemic, non-racemic, enantio-enriched and scalemic mixtures of a compound
are embraced, or mixtures thereof.

[0051]

It is to be understood that for compounds disclosed herein when a bond is drawn in a

non- stereochemical manner (e.g., flat) the atom to which the bond is attached includes all

stereochemical possibilities. It is also to be understood that when a bond is drawn in a
stereochemical manner (e.g., bold, bold- wedge, dashed or dashed- wedge) the atom to which the
stereochemical bond is attached has the stereochemistry as shown unless otherwise noted.
Accordingly, in one embodiment, a compound disclosed herein is greater than 50% a single
enantiomer. In another embodiment, a compound disclosed herein is at least 80% a single
enantiomer. In another embodiment, a compound disclosed herein is at least 90% a single
enantiomer. In another embodiment, a compound disclosed herein is at least 98% a single
enantiomer. In another embodiment, a compound disclosed herein is at least 99% a single
enantiomer. In another embodiment, a compound disclosed herein is greater than 50% a single
diastereomer. In another embodiment, a compound disclosed herein is at least 80% a single
diastereomer. In another embodiment, a compound disclosed herein is at least 90% a single
diastereomer. In another embodiment, a compound disclosed herein is at least 98% a single
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diastereomer. In another embodiment, a compound disclosed herein is at least 99% a single
diastereomer.
[0052]

Accordingly, in one embodiment, a composition disclosed herein is greater than 50% a

single enantiomer. In another embodiment, a composition disclosed herein is at least 80% a
single enantiomer. In another embodiment, a composition disclosed herein is at least 90% a
single enantiomer. In another embodiment, a composition disclosed herein is at least 98% a
single enantiomer. In another embodiment, a composition disclosed herein is at least 99% a
single enantiomer. In another embodiment, a composition disclosed herein is greater than 50% a
single diastereomer. In another embodiment, a composition disclosed herein is at least 80% a
single diastereomer. In another embodiment, a composition disclosed herein is at least 90% a
single diastereomer. In another embodiment, a composition disclosed herein is at least 98% a
single diastereomer. In another embodiment, a composition disclosed herein is at least 99% a
single diastereomer.
[0053]

In certain embodiments, the compounds disclosed herein display atropisomerism

resulting from steric hindrance affecting the axial rotation rate around a single bond. In certain
circumstances, the resultant conformational isomers are observed as distinct entities by
characterization techniques such as NMR and HPLC. In certain embodiments, the compounds
disclosed herein exist as a mixture of atropisomers. The synthetic examples provided herein note
where such mixtures of atropisomers have been observed. However, the detection of

atropisomers is dependent on factors such as temperature, solvent, conditions of purification, and
timescale of spectroscopic technique. Characterization data presented herein may not represent
the equilibrium state depending on the conditions of purification, isolation, handling, solvents
used, and temperature.

Tautomers
[0054]

The compounds disclosed herein can also exist as tautomeric isomers in certain cases.

Although only one delocalized resonance structure may be depicted, all such forms are
contemplated within the scope of the invention. For example, ene-amine tautomers can exist for
purine, pyrimidine, imidazole, guanidine, amidine, and tetrazole systems and all their possible

tautomeric forms are within the scope of the invention. Another non-limiting example includes
keto-enol tautomers of heteroaryls. Such tautomers are exemplified by Tl/ Τ , T2/T2' and
T3/T3'. All such tautomeric forms are also within the scope of the invention.
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Protecting Groups
[0055]

"Protecting group" refers to a moiety of a compound that masks or alters the properties

of a functional group or the properties of the compound as a whole. Chemical protecting groups
and strategies for protection/deprotection are well known in the art. See e.g., Protective Groups
in Organic Chemistry , Theodora W . Greene, John Wiley & Sons, Inc., New York, 1991.
Protecting groups are often utilized to mask the reactivity of certain functional groups, to assist
in the efficiency of desired chemical reactions, e.g., making and breaking chemical bonds in an
ordered and planned fashion. Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected functional group, such as the polarity,
lipophilicity (hydrophobicity), and other properties which can be measured by common
analytical tools. Chemically protected intermediates may themselves be biologically active or
inactive.
Salts and Hydrates
[0056]

"Pharmaceutically acceptable salt" refers to a salt of a compound that is

pharmaceutically acceptable and that possesses (or can be converted to a form that possesses)
the desired pharmacological activity of the parent compound. Pharmaceutically acceptable salts
are generally regarded as safe and suitable for use without undue toxicity, irritation, allergic

response, and the like, commensurate with a reasonable benefit/risk ratio. Examples of
"pharmaceutically acceptable salts" of the compounds disclosed herein include salts derived
from an appropriate base, such as an alkali metal (for example, sodium), an alkaline earth metal
(for example, magnesium), ammonium and NX4+ (wherein X is Ci-C 4 alkyl). Pharmaceutically
acceptable salts of a nitrogen atom or an amino group include for example salts of organic
carboxylic acids such as acetic, benzoic, camphorsulfonic, citric, glucoheptonic, gluconic, lactic,
fumaric, tartaric, maleic, malonic, malic, mandelic, isethionic, lactobionic, succinic, 2-
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napththalenesulfonic, oleic, palmitic, propionic, stearic, and trimethylacetic acids; organic
sulfonic acids, such as methanesulfonic, ethanesulfonic, benzenesulfonic and p-toluenesulfonic
acids; and inorganic acids, such as hydrochloric, hydrobromic, sulfuric, nitric, phosphoric and
sulfamic acids. Pharmaceutically acceptable salts of a compound of a hydroxy group include the
anion of said compound in combination with a suitable cation such as Na+ and NX 4+ (wherein X
is independently selected from H or a Ci-C

4

alkyl group). Pharmaceutically acceptable salts also

include salts formed when an acidic proton present in the parent compound is replaced by either
a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic base such as diethanolamine, triethanolamine, N-methylglucamine and the like.
Also included in this definition are ammonium and substituted or quaternized ammonium salts.
Representative non-limiting lists of pharmaceutically acceptable salts can be found in S.M.
Berge et al., J . Pharma Sci., 66(1), 1-19 (1977), and Remington: The Science and Practice of
Pharmacy, R . Hendrickson, ed., 21st edition, Lippincott, Williams & Wilkins, Philadelphia, PA,
(2005), at p . 732, Table 38-5, both of which are hereby incorporated by reference herein.
[0057]

For therapeutic use, salts of active ingredients of the compounds disclosed herein will

typically be pharmaceutically acceptable, i.e., they will be salts derived from a physiologically
acceptable acid or base. However, salts of acids or bases which are not pharmaceutically
acceptable may also find use, for example, in the preparation or purification of a compound of
formula I or another compound disclosed herein. All salts, whether or not derived from a
physiologically acceptable acid or base, are within the scope of the present invention.
[0058]

Metal salts typically are prepared by reacting the metal hydroxide with a compound

disclosed herein. Examples of metal salts which are prepared in this way are salts containing
Li+, Na+, and K+ . A less soluble metal salt can be precipitated from the solution of a more
soluble salt by addition of the suitable metal compound.
[0059]

In addition, salts may be formed from acid addition of certain organic and inorganic

acids, e.g., HC1, HBr, H2S04 H3PO4 or organic sulfonic acids, to basic centers, such as
amines. Finally, it is to be understood that the compositions herein comprise compounds
disclosed herein in their un-ionized, as well as zwitterionic form, and combinations with
stoichiometric amounts of water as in hydrates.
[0060]

Often crystallizations produce a solvate of the compound of the invention. As used

herein, the term "solvate" refers to an aggregate that comprises one or more molecules of a
compound of the invention with one or more molecules of solvent. The solvent may be water, in
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which case the solvate may be a hydrate. Alternatively, the solvent may be an organic solvent.
Thus, the compounds of the present invention may exist as a hydrate, including a monohydrate,

dihydrate, hemihydrate, sesquihydrate, trihydrate, tetrahydrate and the like, as well as the
corresponding solvated forms. The compound of the invention may be true solvates, while in
other cases, the compound of the invention may merely retain adventitious water or be a mixture
of water plus some adventitious solvent.
Isotopes
[0061]

It is understood by one skilled in the art that this invention also includes any compound

claimed that may be enriched at any or all atoms above naturally occurring isotopic ratios with
one or more isotopes such as, but not limited to, deuterium ( H or D). As a non-limiting

example, in certain embodiments, a -CH3 group is replaced with -CD 3 .
[0062]

Specific values listed below for radicals, substituents, and ranges in the embodiments

of the invention are for illustration only; they do not exclude other defined values or other values
within defined ranges for the radicals and substituents.
Compounds of formula I .
[0063]

A specific group of compounds of formula I are compounds of formula la.

Ia

or a pharmaceutically acceptable salt thereof.
[0064]

Another specific group of com ounds of formula I are compounds of formula lb.

Ib

or a pharmaceutically acceptable thereof.
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[0065]

Another specific group of com ounds of formula I are compounds of formula Ic.

Ic

or a pharmaceutically acceptable thereof.
[0066]

Another specific group of compounds of formula I are compounds of formula Id.

Id
or a pharmaceutically acceptable thereof.
[0067]

Another specific group of compounds of formula I are compounds of formula Ie.

Ie

or a pharmaceutically acceptable thereof.
[0068]

Another specific group of compounds of formula I are compounds of formula If.
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If
or a pharmaceutically acceptable thereof.
[0069]

Another specific group of c

are compounds of formula Ig.

g

or a pharmaceutically acceptable thereof.
[0070]

Specific values listed below are values for compounds of formula I as well as all

related formulas (e.g., formulas la, lb, Ic, Id, Ie, If, Ig). It is to be understood that two or more
values may combined. Thus, it is to be understood that any variable for compounds of formula I
may be combined with any other variable for compounds of formula I the same as if each and
every combination of variables were specifically and individually listed. For example, it is
understood that any specific value of R 1 detailed herein for compounds of formula I may be
combined with any other specific value for one or more of the variables A, Z 1, R 2, R a or R the
same as if each and every combination were specifically and individually listed.
[0071]

Specific values listed for compounds of formula I may apply equally to compounds of

formula III and all related formulas (e.g., formulas Ilia, Illb, IIIc, Hid, Hie, Illf, Illg, IIHi, Illi,
Illj, and Illk) as applicable. For example, specific values for ring A of formula I may apply
equally to ring A of formula III provided that the ring A of formula III encompasses within its
scope the specific values. It is also understood that any combination of variables for
compounds of formula I may apply equally to compounds of formula III and all related formulas
(e.g., formulas Ilia, Illb, IIIc, Hid, Hie, Illf, Illg,

h, Illi, Illj, and Illk) as applicable, the same

71

as if each and every combination were specifically and individually listed. For example, specific

values for ring A and Z 1 may apply equally to the A-Z 1 moeity of formula III provided that the
scope of the A-Z 1 moiety of formula III encompasses the specific value.
[0072]

A specific group of compounds of formula I are compounds wherein each R andR

is independently selected from H, halogen, (C 1-C 3)alkyl, and (
[0073]

A specific group of compounds of formula I are compounds wherein each R andR

is independently selected from H, (
[0074]

-C ^haloalkyl.

-C ^alkyl, and (CrC ^haloalkyl.

A specific group of compounds of formula I are compounds wherein each R andR

is independently selected from H and (C 1-C 3)alkyl.
[0075]

A specific group of compounds of formula I are compounds wherein each R andR

is independently selected from H, methyl and ethyl.
[0076]

A specific group of compounds of formula I are compounds wherein each R andR

is independently selected from H and methyl.
[0077]

A specific group of compounds of formula I are compounds wherein R is H andR

is

(Ci-C 3)alkyl.

[0078]

A specific group of compounds of formula I are compounds wherein R is H andR

is

methyl or ethyl.
[0079]

A specific group of compounds of formula I are compounds wherein R is H andR

is

methyl.
[0080]

A specific value for R a and R is H .

[0081]

A specific value for R2 is phenyl or a 5-membered monocyclic-heteroaryl, wherein any

phenyl or 5-membered monocyclic-heteroaryl of R is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z5 groups.

[0082]

A specific value for R2 is phenyl or a 5-membered monocyclic-heteroaryl, wherein any

phenyl or 5-membered monocyclic-heteroaryl of R is substituted with one or more (e.g., 1, 2, 3,
4 or 5) Z5 groups.
[0083]

A specific value for R2 is phenyl optionally substituted with one or more (e.g., 1, 2, 3, 4

or 5) Z5 groups.
[0084]

A specific value for R is phenyl substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z

groups.
[0085]

A specific value for Z5 is halogen.

[0086]

A specific value for Z5 is fluoro.
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[0087]

A specific value for R2 is 3,5-difluorophenyl.

[0088]

A specific value for A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein any

pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl of A is substituted with one Z 1 group at the
position shown, one Z2 group and optionally substituted with one or more (e.g., 1 or 2) Z3
groups.
[0089]

A specific value for A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein any

pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl of A is substituted with one Z 1 group at the
position shown and one Z group.
[0090]

A specific value for A is pyridinyl, wherein any pyridinyl of A is substituted with one

Z 1 group at the position shown, one Z2 group, and optionally substituted with one or more (e.g.,
1 or 2) Z groups.
[0091]

A specific value for A is pyridinyl, wherein any pyridinyl of A is substituted with one

1

Z group at the position shown and one Z2 group
[0092]

A specific value for A is selected from:

wherein each Z is independently selected from H and Z .
[0093]

A specific value for A is selected from:

wherein each Z is independently selected from H and Z3.
[0094]

A specific value for A is selected from:
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wherein each Z is independently selected from H and Z .
[0095]

A specific value for A is:

wherein each Z is independently selected from H and Z3 .
[0096]

A specific value for A is:

wherein each Z is independently selected from H and Z3 .
[0097]

A specific value for A is:

wherein each Z is independently selected from H and Z3 .
[0098]

A specific value for Z a is H .

[0099]

A specific value for Z 1 is selected from phenyl, 5-14 membered heteroaryl and 3-14

membered heterocycle, wherein any phenyl, 5-14 membered heteroaryl and 3-14 membered
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heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l
groups.
[0100]

A specific value for Z 1 is selected from phenyl, 5-12 membered heteroaryl and 3-12

membered heterocycle, wherein any phenyl, 5-12 membered heteroaryl and 3-12 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l
groups.
[0101]

A specific value for Z 1 is selected from phenyl, 5-14 membered heteroaryl and 3-14

membered heterocycle, wherein any phenyl, 5-14 membered heteroaryl and 3-14 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups.
[0102]

A specific value for Z 1 is selected from phenyl, 5-12 membered heteroaryl and 3-12

membered heterocycle, wherein any phenyl, 5-12 membered heteroaryl and 3-12 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups.
[0103]

A specific value for Z 1 is selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered

tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l
groups.
[0104]

A specific value for Z 1 is selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered

tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups.
[0105]

A specific value for Z 1 is selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered

tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered tricyclicheterocycle have 1-11 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l a or Z l groups.
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[0106]

A specific value for Z is selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered

tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered tricyclicheterocycle have 1-11 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups.
[0107]

A specific value for Z 1 is selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered

tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered tricyclicheterocycle have 4-11 carbon atoms and 1-3 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l a or Z l groups.
[0108]

A specific value for Z 1 is selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered

tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered tricyclicheterocycle have 4-11 carbon atoms and 1-3 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups.
[0109]

A specific value for Z 1 is selected from 8-10 membered bicyclic-heteroaryl and 8-10

membered bicyclic-heterocycle, wherein any from 8-10 membered bicyclic-heteroaryl and 8-10
membered bicyclic-heterocycle of Z 1 is optionally substituted with one or more Z l or Z l
groups.
[0110]

A specific value for Z 1 is selected from 8-10 membered bicyclic-heteroaryl and 8-10

membered bicyclic-heterocycle, wherein any from 8-10 membered bicyclic-heteroaryl and 8-10
membered bicyclic-heterocycle of Z 1 is optionally substituted with one or more Z l groups.
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[0111]

A specific value for Z is selected from 8-10 membered bicyclic-heteroaryl and 8-10

membered bicyclic-heterocycle, wherein the 8-10 membered bicyclic-heteroaryl and 8-10
membered bicyclic-heterocycle have 3-9 carbon atoms and 1-5 heteroatoms in the ring system,
and wherein any 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle
of Z 1 is optionally substituted with one or more Z l or Z l groups.
[0112]

A specific value for Z is selected from 8-10 membered bicyclic-heteroaryl and 8-10

membered bicyclic-heterocycle, wherein the 8-10 membered bicyclic-heteroaryl and 8-10
membered bicyclic-heterocycle have 3-9 carbon atoms and 1-5 heteroatoms in the ring system,
and wherein any 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle
of Z 1 is optionally substituted with one or more Z l groups.
[0113]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-

oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,
lH-2-oxo-pyridinyl and 2,4-dioxo-l,2,3,4-tetrahydorquinazolinyl, wherein any phenyl, 1Hpyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl, 3oxospiro[cyclopropane-l,l'-isoindolin]-yl,

lH-2-oxo-pyridinyl and 2,4-dioxo- 1,2,3,4-

tetrahydorquinazolinyl of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l groups. A specific value for Z 1 is lH-indazol-7-yl, wherein Z 1 is optionally substituted
with one or more Z l or Z l groups.
[0114]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-

oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,
lH-2-oxo-pyridinyl and 2,4-dioxo- 1,2,3, 4-tetrahydorquinazolinyl as shown by the following
formulas;

1H-pyrrolo[2,3-6]pyridinyl

4-oxo-3,4-dihydroquinazolinyl

3-oxospiro[cyclopropane- 1-oxoisoindolinyl
1, 1 '-isoindolin]-yl

roquinazolinyl
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wherein any phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 4-oxo-3,4dihydroquinazolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,

lH-2-oxo-pyridinyl and 2,4-

dioxo-l,2,3,4-tetrahydorquinazolinyl of Z 1 is optionally substituted with one or more (e.g., 1, 2,

4 or 5) Z l or Z l groups. A specific value for Z

[0115]

A specific value for Z is

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-

oxoisoindolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl, pyridinyl and quinazolinyl,
wherein any phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 3-oxospiro [cycloprop anel,l'-isoindolin]-yl, pyridinyl and quinazolinyl of Z 1 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z la or Z l groups.

[0116]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-

oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,
lH-2-oxo-pyridinyl and 2,4-dioxo-l,2,3,4-tetrahydorquinazolinyl, wherein any phenyl, 1Hpyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl, 3oxospiro[cyclopropane-l,l'-isoindolin]-yl,

lH-2-oxo-pyridinyl and 2,4-dioxo- 1,2,3,4-

tetrahydorquinazolinyl of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
groups.
[0117]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-

oxoisoindolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl, pyridinyl and quinazolinyl,
wherein any phenyl, lH-pyrrolo[2,3-b]pyridinyl, 1-oxoisoindolinyl, 3-oxospiro [cycloprop anel,l'-isoindolin]-yl, pyridinyl and quinazolinyl of Z 1 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z l groups.

[0118]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-

oxoisoindolin-5-yl, l-oxoisoindolin-4-yl, 4-oxo-3,4-dihydroquinazolin-8-yl, 3'oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,

lH-2-oxo-pyridin-4-yl and 2,4-dioxo- 1,2,3,4-

tetrahydorquinazolin-8-yl, wherein any phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin5-yl, l-oxoisoindolin-4-yl, 4-oxo-3,4-dihydroquinazolin-8-yl, 3'-oxospiro[cyclopropane-l,l'-

78

isoindolin]-5'-yl, lH-2-oxo-pyridin-4-yl and 2,4-dioxo-l,2,3,4-tetrahydorquinazolin-8-yl of Z 1 is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l a or Z l groups.
[0119]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-

oxoisoindolin-5-yl, 1-oxoisoindolin-4-yl, 3' -oxospiro [cyclopropane- 1,1'-isoindolin] -5 ' -yl,
pyridin-4-yl and quinazolin-8-yl, wherein any phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1oxoisoindolin-5-yl, 1-oxoisoindolin-4-yl, 3' -oxospiro [cyclopropane- 1,1'-isoindolin] -5 ' -yl,
pyridin-4-yl and quinazolin-8-yl of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z or Z groups.
[0120]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-

oxoisoindolin-5-yl, l-oxoisoindolin-4-yl, 4-oxo-3,4-dihydroquinazolin-8-yl, 3'oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,

lH-2-oxo-pyridin-4-yl and 2,4-dioxo- 1,2,3,4-

tetrahydorquinazolin-8-yl as shown by the following formulas;

H-pyrrolo[2,3-b]pyridin5-yl

phenyl

4-0 χ0 -3,4dihydroquinazolin-8-yl

1H-2-oxo-pyridin-4-yl

3-oxospiro[cyclopropane1, 1 '-isoindolm]-5-yl

-oxoisoindolin-4-yl

1-oxoisoindolin-6-yl

° ° 2 4
,
tetrahydroquinazolin-8-yl

wherein any phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, l-oxoisoindolin-5-yl, l-oxoisoindolin-4-yl,
4-oxo-3,4-dihydroquinazolin-8-yl, 3'-oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,
pyridin-4-yl and 2,4-dioxo- l,2,3,4-tetrahydorquinazolin-8-yl of Z 1 is

one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l groups. A specific value

specific value for Z is

lH-2-oxo-
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[0121]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-

oxoisoindolin-5-yl, l-oxoisoindolin-4-yl, 4-oxo-3,4-dihydroquinazolin-8-yl, 3'oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,

lH-2-oxo-pyridin-4-yl and 2,4-dioxo- 1,2,3,4-

tetrahydorquinazolin-8-yl, wherein any phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-oxoisoindolin5-yl, l-oxoisoindolin-4-yl, 4-oxo-3,4-dihydroquinazolin-8-yl, 3'-oxospiro[cyclopropane-l,l'-

isoindolin]-5'-yl, lH-2-oxo-pyridin-4-yl and 2,4-dioxo- l,2,3,4-tetrahydorquinazolin-8-yl of Z 1 is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups.
[0122]

A specific value for Z 1 is selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1-

oxoisoindolin-5-yl, 1-oxoisoindolin-4-yl, 3' -oxospiro [cyclopropane- 1,1'-isoindolin] -5 ' -yl,
pyridin-4-yl and quinazolin-8-yl, wherein any phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl, 1oxoisoindolin-5-yl, 1-oxoisoindolin-4-yl, 3' -oxospiro [cyclopropane- 1,1'-isoindolin] -5 ' -yl,
pyridin-4-yl and quinazolin-8-yl of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z l groups.
[0123]

A specific group of compounds of formula I are compounds wherein Z 1 is not

substituted with Z l .
[0124]

A specific value for each Z l is independently selected from halogen, -OR l and

-C(0)NR l R l .
[0125]

A specific value for each Z l is independently selected from halogen and -C(0)NR l R l .

[0126]

A specific value for each R l , R l and R l are each H .

[0127]

A specific value for each Z l is independently selected from halogen, -OH and

-C(0)NH 2 .
[0128]

A specific value for each Z l is independently selected from fluoro, -OH and -C(0)NH 2 .

[0129]

A specific value for R ql and R l is H .

[0130]

A specific value for each Z l is independently selected from halogen and -NR l S(0) 2Rpl .

[0131]

A specific value for each Z l is (C 1-Cg)alkyl, which may be same or different.

[0132]

In certain embodiments, each Z l is independently selected from halogen and -

NR l S(0) 2Rpl and each Z l is (Ci-C 8)al
[0133]

l, which may be same or different.

A specific value for Z 1 is selected from:
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[0135]

A specific value for Z 1 is

A specific value for Z is

A specific value for Z2 is selected from (C 2-C 8)alkynyl, 6-12 membered aryl, 5-12

membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle and -C(0)NR R ,
wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl and 3-12 membered Clinked-heterocycle of Z 2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z 2 or
Z2 groups, and wherein any (C 2-C 8)alkynyl of Z 2 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z 2 groups.

[0136]

A specific value for Z2 is selected from (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12

membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle and -C(0)NR R ,
wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl and 3-12 membered Clinked-heterocycle of Z 2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z 2
groups, and wherein any (C 2-Cg)alkynyl of Z is optionally substituted with one or more (e.g., 1,
2, 3, 4 or 5) Z2 groups.

[0137]

A specific value for Z2 is selected from (C 2-C 8)alkynyl, phenyl, 5-6 membered C-

linked-monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered Clinked-bicyclic-heterocycle and -C(0)NR R 3 , wherein any phenyl, 5-6 membered C-linked-
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monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl and 8-10 membered Clinked-bicyclic-heterocycle of Z is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
Z2 or Z2 groups, and wherein any (C 2-C 8)alkynyl of Z2 is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z2 groups.
[0138]

A specific value for Z2 is selected from (C 2-Cg)alkynyl, phenyl, 5-6 membered C-

linked-monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered Clinked-bicyclic-heterocycle and -C(0)NR R , wherein any phenyl, 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl and 8-10 membered Clinked-bicyclic-heterocycle of Z is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
Z2 groups, and wherein any (C 2-C 8)alkynyl of Z2 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z2 groups.

[0139]

A specific value for Z2 is selected from (C 2-Cg)alkynyl, phenyl, 5-6 membered C-

linked-monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered Clinked-bicyclic-heterocycle and -C(0)NR R , wherein the 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl and 8-10 membered Clinked-bicyclic-heterocycle have 1-9 carbon atoms and 1-4 heteroatoms in the ring system, and
wherein any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10 membered C-linkedbicyclic-heteroaryl, 8-10 membered and C-linked-bicyclic-heterocycle of Z is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or Z2 groups, and wherein any (C 2C 8)alkynyl of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups.

[0140]

A specific value for Z2 is selected from (C 2-Cg)alkynyl, phenyl, 5-6 membered C-

linked-monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered Clinked-bicyclic-heterocycle and -C(0)NR R 3 , wherein the 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl and 8-10 membered Clinked-bicyclic-heterocycle have 1-9 carbon atoms and 1-4 heteroatoms in the ring system, and
wherein any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10 membered C-linkedbicyclic-heteroaryl, 8-10 membered and C-linked-bicyclic-heterocycle of Z is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups, and wherein any (C 2-C 8)alkynyl of
Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups.
[0141]

A specific value for Z2 is selected from 4-methylpentynyl, phenyl, pyridinyl, 1H-2-

oxo-pyridinyl, triazolyl, 1-oxoisoindolinyl, lH-pyrrolo[2,3-b]pyridinyl and -C(0)NR R 3 ,
wherein any phenyl, pyridinyl, lH-2-oxo-pyridinyl, triazolyl, 1-oxoisoindolinyl and 1H-
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pyrrolo[2,3-b]pyridinyl of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2
or Z2 groups, and wherein any 4-methylpentynyl of Z2 is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z2 groups.
[0142]

A specific value for Z2 is selected from 4-methylpentynyl, phenyl, pyridinyl, 1H-2-

oxo-pyridinyl, triazolyl, 1-oxoisoindolinyl, lH-pyrrolo[2,3-b]pyridinyl and -C(0)NR R ,
wherein any phenyl, pyridinyl, 2-oxopyridinyl, triazolyl, 1-oxoisoindolinyl and lH-pyrrolo[2,3b]pyridinyl of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups, and
wherein any 4-methylpentynyl of Z is optionally substituted with one or more (e.g., 1, 2, 3, 4 or
5) Z2 groups.

[0143]

A specific value for Z2 is selected from 4-methylpentyn-l-yl, phenyl, pyridin-4-yl, 1H-

2-oxo-pyridin-2-yl, triazol-4-yl, l-oxoisoindolin-6-yl, lH-pyrrolo[2,3-b]pyridine-5-yl and
-C(0)NR R , wherein any phenyl, pyridin-4-yl, lH-2-oxo-pyridin-2-yl, triazol-4-yl, 1oxoisoindolin-6-yl and lH-pyrrolo[2,3-b]pyridine-5-yl of Z is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z2 or Z2 groups, and wherein any 4-methylpentyn-l-yl of Z2 is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups.
[0144]

A specific value for Z2 is selected from 4-methylpentyn-l-yl, phenyl, pyridin-4-yl, 1H-

2-oxo-pyridin-2-yl, triazol-4-yl, l-oxoisoindolin-6-yl, lH-pyrrolo[2,3-b]pyridine-5-yl and
-C(0)NR R 3 , wherein any phenyl, pyridin-4-yl, lH-2-oxo-pyridin-2-yl, triazol-4-yl, 1oxoisoindolin-6-yl and lH-pyrrolo[2,3-b]pyridine-5-yl of Z is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z2 groups, and wherein any 4-methylpentyn-l-yl of Z2 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups.
[0145]

A specific group of compounds of formula I are compounds wherein each Z2 is not

substituted with Z2 .
[0146]

A specific group of compounds of formula I are compounds wherein each Z2 is

optionally substituted with one or more Z2 groups.
[0147]

A specific value for each Z2 is independently selected from halogen, -OR 4 and

-C(0)NR 4 Rr4 .
[0148]

A specific group of compounds of formula I are compounds wherein R 4 is H or

methyl, and R 4 and R 4 are each H .
[0149]

A specific value for R 4 is H or methyl.

[0150]

A specific value for each R 4 and R 4 is H .

[0151]

A specific value for Z2 is selected from:
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[0153]

A s ecific value for A-Z 1 is selected from:

[0154]

A specific value for R is a 5-12 membered heteroaryl, wherein any 5-12 membered

heteroaryl of R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) Z4 groups.
[0155]

A specific value for R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12 membered
tncyclic-heteroaryl of R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5) Z4
groups.
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A specific value for R is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

[0156]

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl have 4-10 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any 812 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally

substituted with one or more (e.g., 1, 2, 3, 4, or 5) Z4 groups.
A specific value for R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

[0157]

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl contains at least one partially unsaturated ring, and wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups.

A specific value for R 1 has the following formula Ila:

[0158]

Ila

wherein:

C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with one or
more (e.g. 1, 2, 3, 4 or 5) Z4 groups; and

B is a 5 or 6 membered monocyclic-heteroaryl with 1, 2 or 3 nitrogen atoms, wherein B
is optionally substituted with one or more or (e.g. 1, 2, 3, 4 or 5) Z4 groups.
[0159]

A specific value for R 1 has the following lib:

lib
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wherein:

C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with one or
more (e.g. 1, 2, 3, 4 or 5) Z4 groups; and

B is a 5 or 6 membered monocyclic-heteroaryl having 1, 2 or 3 nitrogen atoms;
V is C or N ;
W is CZ4 , NZ4 or N ;
X is CZ4 , NZ4 or N ;
Y is CZ4 , N or absent;
the dashed bonds are selected from single bonds and double bonds, wherein the dashed

bonds, V, W, X and Y are selected so that the 5 or 6 membered monocyclic-heteroaryl B is
aromatic; and

each Z4 is independently selected from H or Z4 .

A specific value for R 1 has the following formula lie:

[0160]

lie
wherein:

C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with one or
more (e.g. 1, 2, 3, 4 or 5) Z4 groups; and

B is a 5 or 6 membered monocyclic-heteroaryl having 1, 2 or 3 nitrogen atoms;
V is C or N ;
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W is CZ or N ;
X is CZ4 , NZ4 or N ;
Y is CZ4 , N or absent;
the dashed bonds are selected from single bonds and double bonds, wherein the dashed

bonds, V, W, X and Y are selected so that the 5 or 6 membered monocyclic -heteroaryl B is
aromatic; and

each Z4 is independently selected from H or Z4 .

A specific value for R 1 has the followin R 1 has the following formula lid:

[0161]

wherein:

C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-9 membered bicyclic heterocycle, wherein any 3-7 membered monocycliccarbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle or 5-9
membered bicyclic heterocycle of C is optionally substituted with one or more (e.g. 1, 2, 3, 4 or
5) Z4 groups; and

each Z4 is independently selected from H or Z4 .
[0162]

A specific value for each Z4 is independently selected from (C 1-C 6)alkyl and halogen,

wherein any (Ci-C 6)alkyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3, 4, or 5)
halogen.
[0163]

A specific value for each Z4 is independently selected from fluoro, trifluoromethyl and

difluoromethyl.
[0164]

A specific value for R 1 is selected from:
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[0165]

A specific value for R is selected from:

[0166]

A specific value for R is

[0167]

A specific value for R is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

. A specific value for R is

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl has 4-9 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups.
[0168]

A specific value for R 1 is a 8-12 membered bicyclic-heteroaryl, wherein the 8-12

membered bicyclic-heteroaryl has 6-9 carbon atoms and 1-3 heteroatoms in the ring system, and
wherein any 8-12 membered bicyclic-heteroaryl of R 1 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z4 groups.

[0169]

A specific value for R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl has 6-9 carbon atoms and 1-3 heteroatoms in the ring system, and wherein any 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally
substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups.
[0170]

A specific value for R 1 is selected from indolyl and 4,5,6,7-tetrahydro-indazolyl,

wherein any indolyl and 4,5,6,7-tetrahydro-indazolyl of R 1 is optionally substituted with one or
more (e.g., 1, 2, 3, 4 or 5) Z4 groups.
[0171]

A specific value for R 1 is selected from indolyl, 4,5,6,7-tetrahydro-indazolyl, 3b,4,4a,5-

tetrahydro-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole and l,4,5,5a,6,6ahexahydrocyclopropa[g]indazole, wherein any indolyl, 4,5,6,7-tetrahydro-indazolyl, 3b,4,4a,5tetrahydro-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole and l,4,5,5a,6,6a-
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hexahydrocyclopropa[g]indazole of R is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z4 groups.
[0172]

A specific value for R 1 is selected from indol-3-yl and 4,5,6,7-tetrahydro-lH-indazol-l-

yl, wherein any indol-3-yl and 4,5,6,7-tetrahydro-lH-indazol-l-yl

of R 1 is optionally substituted

with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups.
[0173]

A specific value for R 1 is selected from indol-3-yl, 4,5,6,7-tetrahydro-lH-indazol-l-yl,

3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl

and l,4,5,5a,6,6a-

hexahydrocyclopropa[g]indazol-l-yl, wherein any indol-3-yl, 4,5,6,7-tetrahydro-lH-indazol-lyl, 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl

and 1,4,5, 5a,6, 6a-

hexahydrocyclopropa[g]indazol-l-yl of R 1 is optionally substituted with one or more (e.g., 1, 2,
3, 4 or 5) Z4 groups.

[0174]

A specific value for each Z4 is independently selected from (C 1-C 6)alkyl and halogen,

wherein any (C 1-C 6)alkyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
halogen.
[0175]

A specific value for each Z4 is independently selected from (Ci-C 6)alkyl, -CN and

halogen, wherein any (C C6)alkyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3,
4 or 5) halogen.
[0176]

A specific value for each Z4 is independently selected from fluoro, trifluoromethyl and

difluoromethyl.
[0177]

A specific value for each Z4 is independently selected from fluoro, trifluoromethyl,

-CN and difluoromethyl.
[0178]

A specific value for R 1 is selected from:

[0179]

A specific value for R is selected from:
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[0180]

A

specific value for R 1 is selected from:

[0181]

A

specific

[0182]

In one variation of formula I, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and

is

R 1 is a 5 - 12 membered heteroaryl, optionally substituted with
may be the same or different. In another variation,

A

1, 2 , 3 , 4

or 5

Z4

groups, which

is pyridinyl, pyrimidinyl, pyrazinyl or

pyridazinyl; and R 1 is a 8 - 12 membered bicyclic-heteroaryl or

8 - 12

membered tricyclic-

heteroaryl, wherein any 8 - 12 membered bicyclic-heteroaryl or

8 - 12

membered tricyclic-

heteroaryl of R 1 is optionally substituted with

1, 2 , 3 , 4 ,

or 5

Z4

groups. In another variation,

A

is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; R 1 is a 8 - 12 membered bicyclic-heteroaryl or
8 - 12

membered tricyclic-heteroaryl, wherein any 8 - 12 membered bicyclic-heteroaryl or

membered tricyclic-heteroaryl of R 1 is optionally substituted with

1, 2 , 3 , 4 ,

or 5

Z4

8 - 12

groups; and

each Z 4 is independently fluoro, trifluoromethyl, or difluoromethyl.
[0183]

In one variation of formula I, A is pyridinyl; and R 1 is a 8 - 12 membered

bicyclic-heteroaryl or

8 - 12

membered tricyclic-heteroaryl, wherein any 8 - 12 membered

bicyclic-heteroaryl or

8 - 12

membered tricyclic-heteroaryl of R 1 is optionally substituted with

2, 3, 4,

or 5

Z4

groups.

1,
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[0184]

In one variation of formula I, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and

R2 is 3,5-difluorophenyl. In another variation, A is pyridinyl; and R2 is 3,5-difluorophenyl. In
another variation, A is pyrimidinyl; and R is 3,5-difluorophenyl. In another variation, A is
pyrazinyl; and R2 is 3,5-difluorophenyl. In another variation, A is pyridazinyl; and R2 is 3,5difluorophenyl.
[0185]

In one variation of formula I, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and

Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 56 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered
bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with
1, 2, 3, 4

or 5 Z l groups. In another variation, A is pyridinyl, pyrimidinyl, pyrazinyl or

pyridazinyl; and Z 1 is phenyl, optionally substituted with 1, 2, 3, 4 or 5 Z l groups. In another
variation, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and Z 1 is 5-6 membered
monocyclic-heteroaryl or 8-10 membered bicyclic-heteroaryl, wherein any 5-6 membered
monocyclic-heteroaryl or 8-10 membered bicyclic-heteroaryl of Z 1 is optionally substituted with
1, 2, 3, 4

or 5 Z l groups. In another variation, A is pyridinyl, pyrimidinyl, pyrazinyl or

pyridazinyl; and Z 1 is 8-10 membered bicyclic-heterocycle or 9-12 membered tricyclicheterocycle wherein any 8-10 membered bicyclic-heterocycle or 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0186]

In one variation of formula I, A is pyridinyl; and Z 1 is phenyl, 5-6 membered

monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups. In another variation, A is pyridinyl; and Z 1 is phenyl, optionally substituted with
1, 2, 3, 4

or 5 Z l groups. In another variation, A is pyridinyl; and Z 1 is 5-6 membered

monocyclic-heteroaryl or 8-10 membered bicyclic-heteroaryl, wherein any 5-6 membered
monocyclic-heteroaryl or 8-10 membered bicyclic-heteroaryl of Z 1 is optionally substituted with
1, 2, 3, 4

or 5 Z l groups. In another variation, A is pyridinyl; and Z 1 is 8-10 membered bicyclic-

heterocycle or 9-12 membered tricyclic-heterocycle wherein any 8-10 membered bicyclicheterocycle or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups.
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[0187]

In one variation of formula I, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and

Z is (C 2-C 8)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered
C-linked-heterocycle, or -C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered Clinked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is optionally substituted with 1,
2, 3, 4 or 5 Z2 or Z2 groups, and wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with
1, 2, 3, 4

or 5 Z2 groups. In another variation, A is pyridinyl; and Z2 is (C 2-C 8)alkynyl, 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or
-C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2
groups, and wherein any (C 2-C 8)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2
groups. In another variation, A is pyrimidinyl; and Z is (C 2-C 8)alkynyl, 6-12 membered aryl, 512 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR

R 3,

wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered Clinked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and
wherein any (C 2-C 8)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups. In
another variation, A is pyrazinyl; and Z is (C 2-Cs)alkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR R 3 , wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and wherein any (C 2-C 8)alkynyl
of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z 2 groups. In another variation, A is
pyridazinyl; and Z is (C 2-Cs)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or -C(0)NR R 3 , wherein any 6-12 membered aryl, 5-12

membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is optionally
substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and wherein any (C 2-C 8)alkynyl of Z2 is
optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.
[0188]

In one variation of formula I, A is pyridinyl substituted with one Z 1 moiety, one Z2

moiety and no (zero) Z3 moieties; and Z2 is (C 2-Cs)alkynyl or aryl, which Z2 may be optionally
substituted as provided by formula I . In another variation, A is pyridinyl substituted with one Z 1
moiety, one Z2 moiety and no (zero) Z3 moieties; and Z2 is (C 2-Cg)alkynyl, which Z2 may be
optionally substituted as provided by formula I . In a particular variation, A is pyridinyl
substituted with one Z 1 moiety, one Z2 moiety at the position alpha to the nitrogen atom of the
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pyridinyl ring, and no (zero) Z3 moieties, wherein Z2 is (C 2-Cg)alkynyl, which Z2 may be
optionally substituted as provided by formula I .
[0189]

In one variation of formula I, R 1 is a 5-12 membered heteroaryl optionally substituted

with 1, 2, 3, 4 or 5 Z4 groups, which may be the same or different; and Z 1 is phenyl, 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups. In another variation, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups; and
Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 56 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered
bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with
1, 2, 3, 4

or 5 Z l groups.

[0190]

In one variation of formula I, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12

membered tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups; and
Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10 membered bicyclic-heterocycle wherein any 810 membered bicyclic-heteroaryl or 8-10 membered bicyclic-heterocycle of Z 1 is optionally

substituted with 1, 2, 3, 4 or 5 Z l groups.
[0191]

In one variation of formula I, R 1 is a 5-12 membered heteroaryl optionally substituted

with 1, 2, 3, 4 or 5 Z4 groups, which may be the same or different; and Z2 is (C 2 -C8 )alkynyl, 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or
-C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2
groups, and wherein any (C 2 -C8 )alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2
groups. In another variation, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

tricyclic-heteroaryl wherein any 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups; and Z2 is (C 2 -C8 )alkynyl,
6-12 membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle,
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or -C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 312 membered C-linked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2

groups, and wherein any (C 2-C 8)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2
group.
[0192]

In one variation of formula I, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups; and Z2 is (C 2C 8)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-

heterocycle, or -C(0)NR

R , wherein any 6-12 membered aryl, 5-12 membered C-linked-

heteroaryl, or 3-12 membered C-linked-heterocycle of Z is optionally substituted with 1, 2, 3, 4
or 5 Z2 or Z2 groups, and wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with 1, 2,
3, 4 or 5 Z2 groups.

[0193]

In one variation of formula I, Z 1 is bicyclic-heteroaryl optionally substituted with 1, 2,

3, 4 or 5 Z l groups; and Z2 is (C 2 -C 8)alkynyl optionally substituted with 1, 2, 3, 4 or 5 Z2

groups.
[0194]

In one variation of formula I, R 1 is a 5-12 membered heteroaryl; Z 1 is phenyl, 5-6

membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups; and Z2 is (C 2-C 8)alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR

R , wherein any 6-12 membered

aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is

optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and wherein any (C 2-Cg)alkynyl of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.
Compounds of formula III.
[0195]

The present disclosure provides compounds of formula III:
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wherein

A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
Z2 group, and optionally substituted with 1 or 2 Z3 groups, wherein the Z3 groups are the same or
different;

R 1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of

R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;

R is phenyl optionally substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;
each R a and R is independently H or (Ci-C 3)al

l;

Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of

Z is optionally substituted with 1, 2, 3, 4 or 5 Z la or Z l , wherein the Z l and Z l groups are the
same or different;
each Z l is independently (C3-C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR l , -C(0)NR l R l and
-S(0) 2NR l CORpl , wherein any (C 3-C 7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z ld groups,
wherein the Z l and Z ld groups are the same or different;
each Z l is independently (C C

kyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (C
C 8 )heteroalkyl;
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each Z is independently (C 1-Cg)alkyl or (C 1-Cg)haloalkyl;

each R l is independently H,

(C 3 -C 7 )carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (Ci-C8)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (C 1-Cg)alkyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (C 1-Cg)alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (C 1-Cg)alkyl, (CrC 7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C3 -C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (C 1-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (Ci-Cg)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-Cg)alkenyl or (C 2-Cg)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (Ci-C 4 )alkyl;
each R 3 and R 3 is independently H or (Ci-C 4 )alkyl;
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each Z is independently oxo, (C 1-C4)alkyl, (C 1-C4)heteroalkyl, or (C 1-C4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S
RP4 , -S(0) NR V 4, -NR V 4, -NR 4CORp4 , -NR 4 C0 Rp4 , 2

NR

4 CONR 4 R 4 ,

C(0)OR

4,

2

-NR

or -C(0)NR

4 S(0)

Rp4 ,

2

-NR

2

4 S(0)

ORp4 ,

2

-NR

4 S(0)

2NR

4R 4

-N0 2, -C(0)R 4 , -

V 4;

each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (Ci-C )alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (C 1-C 4)alkyl, (C 1-C4)haloalkyl, or (

-

C4)heteroalkyl;
each Z is independently a (C 1-C 4)heteroalkyl or halogen;
each Z4 is independently oxo, (Ci-C )alkyl,

(C3

-C 7)carbocycle, halogen, -CN, -OR 5 , -

NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -C(0)R 5 , -C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C 7)carbocycle or (C 1-Cg)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ; and
each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
or a pharmaceutically acceptable salt thereof.
[0196]

In certain embodiments, a com ound of formula III is a compound of formula Ilia.

Ilia
or a pharmaceutically acceptable salt thereof.
[0197]

In certain embodiments, a compound of formula III is a compound of formula Illb.
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Illb
or a pharmaceutically acceptable thereof.
In certain embodiments, a

[0198]

is a compound of formula IIIc.

IIIc

or a pharmaceutically acceptable thereof.
The present disclosure provides compounds of formula Hid:

[0199]

wherein
A 1 is CH, C-Z3 , or nitrogen;
A is CH or nitrogen;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;
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each R a and R is independently H or (C 1-C 3)alkyl;
Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , wherein the Z l and Z l groups are the
same or different;
each Z l is independently (C 3 -C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l COR pl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R

l,

-C(0)OR

l,

-C(0)NR l R l and

-S(0) 2NR l COR pl , wherein any (C 3-C7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups,
wherein the Z l and Z l d groups are the same or different;
each Z l is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (

-

C 8 )heteroalkyl;

each Z l d is independently (C 1-Cg)alkyl or (C 1-Cg)haloalkyl;

each R l is independently H, (C 1-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (C 1-Cg)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (Ci-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (Ci-Cg)alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (Ci-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
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substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (Ci-C8)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (Ci-C 8)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linked3,

heteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-Cg)alkenyl or (C 2-Cg)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (Ci-C 4 )alkyl;
each R 3 and R 3 is independently H or (Ci-C 4 )alkyl;
each Z2 is independently oxo, (C 1-C4)alkyl, (C 1-C4)heteroalkyl or (C 1-C 4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S(0) Rp4 , -S(0) NR V 4, -NR V 4, -NR 4COR p4 , -NR 4 C0 Rp4 , 2

NR

4 CONR 4 R 4 ,

C(0)OR

4,

2

-NR

or -C(0)NR

4 S(0)

2

Rp4 ,

2

-NR

2

4 S(0)

ORp4 ,

2

-NR

4 S(0)

2NR

4R 4

-N0 2, -C(0)R 4 , -

V 4;

each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (Ci-Cg)alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (Ci-C 4)alkyl, (Ci-C 4)haloalkyl, or (

-

C4)heteroalkyl;
each Z is independently a (C 1-C4)heteroalkyl;
each Z4 is independently oxo, (Ci-Cg)alkyl, (C 3-C7)carbocycle, halogen, -CN, -OR 5 , -

NR 5R 5 , -NR 5COR p5 , -NR 5C0 2Rp5 , -C(0)R 5 , -C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C7)carbocycle or (C 1-C 8)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,
wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ;

each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
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each Z is independently halogen, which may be same or different; and

n is 0, 1, 2, or 3;
or a pharmaceutically acceptable salt thereof.
In certain embodiments, a compound of formula Hid is a compound of formula Ille.

[0200]

Ille
or a pharmaceutically acceptable salt thereof.
The present disclosure provides compounds of formula Illf:

[0201]

wherein
A 1 is CH, C-Z3 , or nitrogen;
A is CH or nitrogen;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;
each R a and R is independently H or (Ci-C 3)al

l;

Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , wherein the Z l and Z l groups are the
same or different;
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each Z l is independently (C3-C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l COR pl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR

l,

-C(0)NR l R l and

-S(0) 2NR l COR pl , wherein any (C 3-C7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups,
wherein the Z l and Z l d groups are the same or different;
each Z l is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (

-

C 8 )heteroalkyl;

each Z l d is independently (C 1-Cg)alkyl or (C 1-Cg)haloalkyl;

each R l is independently H, (C 1-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (C 1-Cg)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (Ci-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (Ci-Cg)alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (Ci-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (Ci-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
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7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (Ci-C 8)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-Cg)alkenyl or (C 2-Cg)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (Ci-C4)alkyl;
each R 3 and R 3 is independently H or (C 1-C4)alkyl;
each Z2 is independently oxo, (Q-G^alkyl, (C 1-C4)heteroalkyl or (C 1-C 4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S(0) Rp4 , -S(0) NR V 4, -NR V 4, -NR 4CORp4 , -NR 4 C0 Rp4 , 2

2

2

2

NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4R 4 -N0 2, -C(0)R 4 , C(0)OR 4 , or -C(0)NR V 4;
each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (Ci-Cg)alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (Ci-C 4)alkyl, (Ci-C 4)haloalkyl, or (

-

C4)heteroalkyl;
each Z is independently a (C 1-C4)heteroalkyl;
each Z4 is independently oxo, (Ci-Cg)alkyl, (C 3-C7)carbocycle, halogen, -CN, -OR 5 , -

NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -C(0)R 5 , -C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C7)carbocycle or (C 1-C 8)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,
wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ;

each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
each Z5 is independently halogen, which may be same or different; and
n is 0, 1, 2, or 3;
or a pharmaceutically acceptable salt thereof.
[0202]

In certain embodiments, a compound of formula Illf is a compound of formula Illg.
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nig
or a pharmaceutically acceptable salt thereof.
[0203]

The present disclosure provides compounds of formula IIHi:

wherein
A 1 is CH, C-Z 3 , or nitrogen;
A is CH or nitrogen;
C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle or 5-9 membered bicyclic-carbocycle, wherein any 3-7 membered
monocyclic-carbocycle or 5-9 membered bicyclic-carbocycle of C is optionally substituted with
1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or different;

each Z l w is independently Z l , Z l or H ;
each Z l is independently

(C3-C7

)carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R

pl ,

-OC(0)NR

lR l ,

-SR l , -S(0)R

pl ,

-S(0) 2OH, -

S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l COR pl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R

l,

-C(0)OR

l,

-C(0)NR

lR l

-S(0) 2NR l COR pl , wherein any (C 3-C 7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z ld groups,
wherein the Z l and Z ld groups are the same or different;

and
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each Z is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (

-

Cg)heteroalkyl;
each Z l d is independently (C 1-Cg)alkyl or (C 1-Cg)haloalkyl;

each R l is independently H, (Ci-Cg)alkyl, (C 3-C 7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (Ci-Cg)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (C 1-C 8)alkyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (Ci-Cg)alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (Ci-Cg)alkyl, (CrC 7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C3 -C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (Ci-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (Ci-Cg)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
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are the same or different, and wherein any (C 2-Cg)alkenyl or (C 2-Cg)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z 2 groups, wherein the Z 2 groups are the same or different;
each R is independently H or (Ci-C4)alkyl;
each R

and R is independently H or (C 1-C4)alkyl;

each Z2 is independently oxo, (Q-G^alkyl, (C 1-C4)heteroalkyl or (C 1-C 4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR V 4, -SR 4 , S(0)R p4 , -S(0) 2OH, -S
RP4 , -S(0) 2NR V 4, -NR V 4, -NR 4COR p4 , -NR 4 C0 2Rp4 , NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4R 4 -N0 2, -C(0)R
C(0)OR 4 , or -C(0)NR V 4;
each R

4

4,

-

is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;

each Rp4 is independently (C 1-C 8)alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R

4

and R 4 is independently H, (C 1-C 4)alkyl, (C 1-C4)haloalkyl, or (

-

C4)heteroalkyl;
Z is independently a (C 1-C4)heteroalkyl;
each Z4 is independently oxo, (Ci-C8)alkyl,
NR 5R 5 , -NR 5COR p5 , -NR 5C0 2Rp5 , -C(0)R

5,

(C3

-C 7 )carbocycle, halogen, -CN, -OR 5 , -

-C(0)OR

5,

or -C(0)NR

5R 5 ,

wherein any (C 3-

C 7 )carbocycle or (C 1-Cg)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ;
each R 5 , Rp5 , R 5 , R 5 , and R

6

is independently H or (Ci-C 4)alkyl; and

Z 5 is H or halogen;
or a pharmaceutically acceptable salt thereof.

[0204]

In certain embodiments, a compound of formula IIHi is a compound of formula IIIi.

IIIi
or a pharmaceutically acceptable salt thereof.
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The present disclosure provides compounds of formula IIIj:

[0205]

A 1 is CH, C-Z 3 , or nitrogen;
A is CH or nitrogen;
Z l x is H or (Ci-Cg)alkyl;
Z ly is -NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , -NR l R l , -NR l COR pl , -NR l CONR l R l , or
-NR l C0 2Rpl ;
Z l is H, halogen, -CN, -OR l , (Ci-C 8)alkyl, wherein the (Ci-C 8)alkyl is optionally
substituted with 1, 2, or 3 halogen, which are the same or different;
each R l is independently H or (C 1-Cg)alkyl;
each Rpl is independently (Ci-C8)alkyl;
each R l and R l is independently H or (C 1-C 8)alkyl;
Z3 is (C 1-C 4)heteroalkyl;
Z2 is (C 2-C )alkynyl, optionally substituted with 1, 2, 3, 4, or 5 Z2 group, wherein the Z 2'
groups are the same or different; wherein Z2 is independently halogen, -OR 4 , -NR 4 C0 2Rp4 ,
-C(0)OR

4,

or -NR 4 R 4 ;

each R 4 is independently H or (Ci-C 4)alkyl;
each Rp4 is independently (Ci-C 4)alkyl;
each R 4 and R 4 is independently H, (Ci-C 4)alkyl, or (C 1-C 4)heteroalkyl;
Z4 is hydrogen, (C 1-C )alkyl, halogen, -CN, C(0)R

5,

-C(0)OR

5,

-C(0)NR 5 R 5 , -

NR 5 COR p5 , -NR 5R 5 , or (C 3-C 7)carbocycle, wherein any (C 3-C 7)carbocycle or (Ci-C 8)alkyl of
Z4 is optionally substituted with halogen or hydroxyl;
each R 5 is independently H or (Ci-C 4)alkyl;
each Rp5 is independently H or (Ci-C 4)alkyl;
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each R

and R is independently H or (C 1-C4)alkyl; and

Z 5 is H or halogen;
or a pharmaceutically acceptable salt thereof.
[0206]

In certain embodiments, a compound of formula Illj is a compound of formula Illk.

Illk
or a pharmaceutically acceptable salt thereof.
[0207]

Specific values listed below are values for compounds of formula III as well as all

related formulas (e.g., formulas Ilia, Illb, IIIc, Hid, Ille, Illf, Illg, Illh, Illi, Illj, and Illk) where
applicable. For example, values recited below as applying to formula III apply equally to all
related formulas of formula III (e.g., formulas Ilia, Illb, IIIc, Hid, Ille, Illf, Illg, Illh, Illi, Illj,
and Illk) that permit the presence of such variable. It is to be understood that two or more
values may combined. Thus, it is to be understood that any variable for compounds of formula
III may be combined with any other variable for compounds of formula III the same as if each
and every combination of variables were specifically and individually listed. For example, it is
understood that any specific value of R 1 detailed herein for compounds of formula III may be
combined with any other specific value for one or more of the variables A, Z 1, R 2, R a or R of
formula III the same as if each and every combination were specifically and individually listed.
[0208]

In certain embodiments of formula III, A 1 is CH. In certain embodiments, A 1 is C-Z3 .

In certain embodiments, A 1 is nitrogen.
[0209]

In certain embodiments of formula III, A2 is CH. In certain embodiments, A 2 is

nitrogen.
[0210]

In certain embodiments of formula III, A 1 is CH; and A2 is CH. In certain

embodiments, A 1 is C-Z3 ; and A2 is CH. In certain embodiments, A 1 is nitrogen; and A2 is CH.
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[0211]

In certain embodiments of formula III, A 1 is CH; and A 2 is nitrogen. In certain

embodiments, A 1 is C-Z3 ; and A 2 is nitrogen. In certain embodiments, A 1 is nitrogen; and A 2 is
nitrogen.
[0212]

In certain embodiments of formula III, Z 5 is F. In certain embodiments of formula III,

n is one. In certain embodiments, n is two. In certain embodiments of formula III, n is one and
Z 5 is F. In certain embodiments, n is two and each Z 5 is F.
[0213]

In certain embodiments of formula III, Z 5 is H . In certain embodiments, Z 5 is F.

[0214]

In certain embodiments of formula III, each Z l w is independently Z l or Z l , wherein

the Z l a and Z l groups may be the same or different. In certain embodiments, each Z

w is

independently (Ci-C8)alkyl, halogen, or -NR l S(0) 2Rpl , which may be same or different.
[0215]

In certain embodiments of formula III, Z l x is H . In certain embodiments, Z l x is (Cr

Cg)alkyl. In certain embodiments, Z l x is (C 1-C4)alkyl. In certain embodiments, Z l x is (

-

C 3 )alkyl.

In certain embodiments, Z l x is methyl.

[0216]

In certain embodiments of formula III, Z l y is -NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , or -

NR l R l . In certain embodiments, Z ly is -NR l S(0) 2Rpl or -NR l S(0) 2NR l R l . In certain
embodiments, Z l y is -NR l S(0) 2Rpl . In certain embodiments, Z ly is -NR l S(0) 2NR l R l . In
certain embodiments, Z l is -NR l R l .
[0217]

In certain embodiments of formula III, Z l is H or halogen. In certain embodiments,

Z l is H . In certain embodiments, Z l is halogen. In certain embodiments, Z l is CI. In certain
embodiments, Z l is F. In certain embodiments, Z l is Br.
[0218]

In certain embodiments of formula III, Z l is -NR l S(0) 2Rpl or -NR l S(0) 2NR l R

l

and Z l is halogen. In certain embodiments, Z l is -NR l S(0) 2Rpl and Z l is halogen. In certain
embodiments, Z l x is (Q-C^alkyl; Z l is -NR l S(0) 2Rpl or -NR l S(0) 2NR l R l ; and Z l is
halogen. In certain embodiments, Z l x is (CrC 4)alkyl; Z l is -NR l S(0) 2Rpl ; and Z l is halogen.
[0219]

In certain embodiments of formula III, A is pyridinyl, pyrimidinyl, pyrazinyl, or

pyridazinyl, wherein any pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl of A is substituted with
one Z 1 group at the position shown, one Z 2 group and optionally substituted with 1 or 2 Z 3
groups. In certain embodiments, A is pyridinyl, pyrimidinyl, pyrazinyl, or pyridazinyl, wherein
any pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl of A is substituted with one Z 1 group at the
position shown, one Z 2 group and optionally substituted with 1 Z 3 group.
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[0220]

In certain embodiments, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein

any pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl of A is substituted with one Z 1 group at the

position shown and one Z2 group. In one aspect, A is not substituted with a Z3 group.
[0221]

In certain embodiments, A is pyridinyl, wherein any pyridinyl of A is substituted with

one Z 1 group at the position shown, one Z 2 group, and optionally substituted with 1 or 2 Z3
groups. In certain embodiments, A is pyridinyl, wherein any pyridinyl of A is substituted with
one Z 1 group at the position shown, one Z 2 group, and optionally substituted with 1 Z3 group.
[0222]

In certain embodiments, A is pyridinyl, wherein any pyridinyl of A is substituted with

one Z 1 group at the position shown and one Z2 group. In one aspect, the Z2 group attached at the

position alpha to the nitrogen of the pyridinyl group. In a further aspect, A is not substituted
with a Z group.
[0223]

In certain embodiments, A is pyrimidinyl, wherein any pyridinyl of A is substituted

with one Z 1 group at the position shown, one Z 2 group, and optionally substituted with 1 or 2 Z3
groups. In certain embodiments, A is pyrimidinyl, wherein any pyridinyl of A is substituted

with one Z 1 group at the position shown, one Z 2 group, and optionally substituted with 1 Z3
group.
[0224]

In certain embodiments, A is pyrimidinyl, wherein any pyridinyl of A is substituted

with one Z 1 group at the position shown and one Z2 group. In one aspect, A is not substituted
with a Z group.
[0225]

In certain embodiments, A is pyrazinyl, wherein any pyridinyl of A is substituted with

one Z 1 group at the position shown, one Z 2 group, and optionally substituted with 1 or 2 Z3
groups. In certain embodiments, A is pyrazinyl, wherein any pyridinyl of A is substituted with
one Z 1 group at the position shown, one Z 2 group, and optionally substituted with 1 Z3 group.
[0226]

In certain embodiments, A is pyrazinyl, wherein any pyridinyl of A is substituted with

one Z 1 group at the position shown and one Z2 group. In one aspect, A is not substituted with a

Z group.
[0227]

In cert

[0228]

In certain embodiments, A is:
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[0229]

In certain embodiments, A is:

[0230]

In certain embodiments, A is:

[0231]

In certain embodiments, A is:

[0232]

In certain embodiments of formula III, R is phenyl optionally substituted with 1, 2, or

3 halogens, which may be the same or different. In certain embodiments, R is phenyl optionally
substituted with 1 or 2 halogens, which may be the same or different. In certain embodiments,
R is phenyl optionally substituted with 2 halogens, which may be the same or different. In
certain embodiments, R is phenyl optionally substituted with 1 halogen.
[0233]

In certain embodiments, R2 is 3,5-difluorophenyl or 3-fluorophenyl. In certain

embodiments, R is 3,5-difluorophenyl. In certain embodime

[0234]

In certain embodiments, the moiety

IS

-fluorophenyl.

wherein Z is H

or halogen.
[0235]

In certain embodiments of formula III, each Z , where present, is independently

methoxy, dimethylamino, or methylamino. In certain embodiments, Z , where present, is
methoxy. In certain embodiments, Z , where present, is dimethylamino. In certain
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embodiments, Z3 , where present, is methylamino. In certain embodiments, Z3 , where present, is
halogen. In certain embodiments, Z3 , where present, is fluoro. In certain embodiments, Z3 ,
where present, is chloro. In certain embodiments, Z , where present, is bromo.
[0236]

In certain embodiments of formula III, each R andR

are each H . In certain

embodiments, R is methyl and R is H .
[0237]

In certain embodiments of formula III, Z2 is (C 2-C 8)alkynyl, 6-12 membered aryl, 5-12

membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR R 3 , wherein
any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-

heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and wherein any
(C 2-C 8)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.

[0238]

In certain embodiments, Z2 is (C 2-C 8)alkynyl, 6-12 membered aryl, 5-12 membered C-

linked-heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR R 3 , wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups, and wherein any (C 2-Cg)alkynyl of Z2
is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.
[0239]

In certain embodiments, Z2 is (C 2-C 8)alkynyl, phenyl, 5-6 membered C-linked-

monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linkedbicyclic-heterocycle, or -C(0)NR R 3 , wherein any phenyl, 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, or 8-10 membered Clinked-bicyclic-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups,
and wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.
[0240]

In certain embodiments, Z2 is (C 2-Cg)alkynyl, phenyl, 5-6 membered C-linked-

monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linkedbicyclic-heterocycle, or -C(0)NR R 3 , wherein any phenyl, 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, or 8-10 membered Clinked-bicyclic-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups, and
wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.
[0241]

In certain embodiments, Z2 is (C 2-Cg)alkynyl, phenyl, 5-6 membered C-linked-

monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linkedbicyclic-heterocycle, or -C(0)NR R 3 , wherein the 5-6 membered C-linked-monocyclicheteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, or 8-10 membered C-linked-bicyclicheterocycle have 1-9 carbon atoms and 1-4 heteroatoms in the ring system, and wherein any

113

phenyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10 membered C-linked-bicyclicheteroaryl, 8-10 membered and C-linked-bicyclic-heterocycle of Z is optionally substituted with
1, 2, 3, 4

or 5 Z2 or Z2 groups, and wherein any (C 2 -C8 )alkynyl of Z2 is optionally substituted

with 1, 2, 3, 4 or 5 Z2 groups.
In certain embodiments, Z2 is (C 2-Cg)alkynyl, phenyl, 5-6 membered C-linked-

[0242]

monocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linkedbicyclic-heterocycle, or -C(0)NR R , wherein the 5-6 membered C-linked-monocyclicheteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, or 8-10 membered C-linked-bicyclicheterocycle have 1-9 carbon atoms and 1-4 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10 membered C-linked-bicyclicheteroaryl, 8-10 membered, or C-linked-bicyclic-heterocycle of Z is optionally substituted with
1, 2, 3, 4

or 5 Z2 groups, and wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with 1,

2, 3, 4 or 5 Z2 groups.

[0243]
1, 2, 3, 4,

In certain embodiments of formula III, Z2 is (C 2-Cg)alkynyl, optionally substituted with

or 5 Z2 groups. In certain embodiments, Z2 is (C 2-Cg)alkynyl, optionally substituted

with 1, 2, 3, or 4 Z2 groups. In certain embodiments, Z2 is (C 2-Cg)alkynyl, optionally
substituted with 1, 2, or 3 Z2 groups. In certain embodiments, Z2 is (C 2-Cg)alkynyl, optionally
substituted with 1 or 2 Z2 groups.
[0244]

In certain embodiments, Z2 is of the formula:

wherein each of the (C 1-C4)alkyl moieties of Z if present, is optionally substituted with 1, 2 or 3
Z2 groups, wherein the Z2 groups may be the same or different.
[0245]

In certain embodiments, Z2 is of the formula:

wherein each of the (Ci-C 4)alkyl moieties of Z is optionally substituted with 1, 2 or 3 Z
groups, wherein the Z 2 groups may be the same or different.
[0246]

In certain embodiments, Z2 is of the formula:
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4

a y

wherein each of the (C 1-C4)alkyl moieties of Z 2 is optionally substituted with 1, 2 or 3 Z 2
groups, wherein the Z 2 groups may be the same or different.
[0247]

In certain embodiments of formula III, Z 2 is substituted with 1, 2, 3, or 4 Z2 or Z 2

groups, wherein the Z 2 and Z 2 groups may be the same or different. In certain embodiments,

Z2 is substituted with 1, 2, or 3 Z 2 or Z2 groups, wherein the Z2 and Z 2 groups may be the
same or different. In certain embodiments, Z2 is substituted with 1 or 2 Z 2 or Z 2 groups,

wherein the Z2 and Z 2 groups may be the same or different. In certain embodiments, Z2 is
substituted with 1 Z 2 or Z 2 group.
[0248]

In certain embodiments of formula III, Z2 is optionally substituted with 1, 2, or 3 Z2 or

Z2 groups, wherein the Z2 and Z2 groups may be the same or different. In certain
embodiments, Z2 is substituted with 1 Z2 or Z 2 group. In certain embodiments, Z2 is substituted
with 2 Z2 or Z 2 groups, wherein the Z2 and Z 2 groups may be the same or different. In certain
embodiments, Z2 is substituted with 3 Z2 or Z 2 groups, wherein the Z2 and Z2 groups may be
the same or different.
[0249]

In certain embodiments of formula III, Z 2 is substituted with 1, 2, 3, or 4 Z2 groups,

wherein the Z2 groups may be the same or different. In certain embodiments, Z2 is substituted
with 1, 2, or 3 Z2 groups, wherein the Z 2 groups may be the same or different. In certain
embodiments, Z 2 is substituted with 1 or 2 Z2 groups, wherein the Z 2 groups may be the same
or different. In certain embodiments, Z2 is substituted with 1 Z 2 group.
[0250]

In certain embodiments of formula III, Z2 is optionally substituted with 1, 2, or 3 Z2

groups, wherein the Z 2 groups may be the same or different. In certain embodiments, Z2 is

substituted with 1 Z 2 group. In certain embodiments, Z2 is substituted with 2 Z2 groups,
wherein the Z2 groups may be the same or different. In certain embodiments, Z2 is substituted
with 3 Z2 groups, wherein the Z 2 groups may be the same or different.
[0251]

In certain embodiments, each Z2 is independently halogen, -OR 4 , NR 4 R 4 , -

NR 4 C0 2Rp4 , -C(0)OR 4 , or -C(0)NR 4 R 4 . In certain embodiments, each Z2 is independently
halogen or -OR 4 .
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[0252]

In certain embodiments, Z2 optionally substituted with 1, 2, 3, 4, or 5 Z2 or Z2 groups

[0253]

In certain embodiments, Z2 optionally substituted with 1, 2, 3, 4, or 5 Z2 or Z 2 groups

[0254]

In certain embodiments, Z2 optionally substituted with 1, 2, 3, 4, or 5 Z2 or Z 2 groups

is

[0255]

is

In certain embodiments, Z2 optionally substituted with 1, 2, 3, 4, or 5 Z2 or Z 2 groups
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[0256]

In certain embodiments, Z2 optionally substituted with 1, 2, 3, 4, or 5 Z2 or Z 2 groups

is

[0257]

is

In certain embodiments, Z2 optionally substituted with 1, 2, 3, 4, or 5 Z2b or Z 2 groups

V

[0258]

In certain embodiments of formula III, R 1 is a 5-12 membered heteroaryl, wherein any

5-12 membered heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups.
[0259]

In certain embodiments of formula III, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-

12 membered tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12

membered tricyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups.
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[0260]

In certain embodiments, R is a 8-12 membered tricyclic-heteroaryl, wherein the 8-12

membered tricyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups.
[0261]

In certain embodiments, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl have 4-10 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any 812 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally

substituted with 1, 2, 3, 4, or 5 Z4 groups.
[0262]

In certain embodiments, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl contains at least one partially unsaturated ring, and wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally substituted with 1,
2, 3, 4 or 5 Z4 groups.

[0263]

In certain embodiments, R 1 is a 8-12 membered tricyclic-heteroaryl, wherein the 8-12

membered tricyclic-heteroaryl contains at least one partially unsaturated ring, and wherein any
8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally

substituted with 1, 2, 3, 4 or 5 Z4 groups.
[0264]

In certain embodiments of formula III, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-

12 membered tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12

membered tricyclic-heteroaryl has 4-9 carbon atoms and 1-5 heteroatoms in the ring system, and
wherein any 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is
optionally substituted with 1, 2, 3, 4 or 5 Z4 groups.
[0265]

In certain embodiments, R 1 is a 8-12 membered bicyclic-heteroaryl, wherein the 8-12

membered bicyclic-heteroaryl has 6-9 carbon atoms and 1-3 heteroatoms in the ring system, and
wherein any 8-12 membered bicyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4 or
5 Z4 groups.
[0266]

In certain embodiments, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered

tricyclic-heteroaryl, wherein the 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl has 6-9 carbon atoms and 1-3 heteroatoms in the ring system, and wherein any 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally
substituted with 1, 2, 3, 4 or 5 Z4 groups.
[0267]

In certain embodiments of formula III, R 1 has the following formula Ila:

118

Ila
wherein:

C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle, or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with 1, 2, 3, 4 or
5 Z4 groups, wherein the Z4 groups are the same or different; and
B is a 5 or 6 membered monocyclic-heteroaryl with 1, 2 or 3 nitrogen atoms, wherein B
is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or

different.
In certain embodiments of formula III, R 1 has the following formula lib:

[0268]

lib
wherein:

C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle, or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with 1, 2, 3, 4 or
5 Z4 groups, wherein the Z4 groups are the same or different; and
B is a 5 or 6 membered monocyclic-heteroaryl having 1, 2 or 3 nitrogen atoms;
V is C or N ;
W is CZ4 , NZ4 or N ;
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X is CZ , NZ or N ;
Y is CZ4 , N or absent;
the dashed bonds are selected from single bonds and double bonds, wherein the dashed

bonds, V, W, X and Y are selected so that the 5 or 6 membered monocyclic -heteroaryl B is
aromatic; and

each Z4 is independently selected from H or Z4 wherein the Z4 groups are the same or
different.
In certain embodiments of formula III, R 1 has the following formula lie:

[0269]

lie
wherein:

C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle, or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with 1, 2, 3, 4 or
5 Z4 groups, wherein the Z4 groups are the same or different; and
B is a 5 or 6 membered monocyclic-heteroaryl having 1, 2 or 3 nitrogen atoms;
V is C or N ;
W is CZ4 or N ;
X is CZ4 , NZ4 or N ;
Y is CZ4 , N or absent;
the dashed bonds are selected from single bonds and double bonds, wherein the dashed

bonds, V, W, X and Y are selected so that the 5 or 6 membered monocyclic-heteroaryl B is
aromatic; and

each Z4 is independently selected from H or Z4 , wherein the Z4 groups are the same or
different.
[0270]

In certain embodiments of formula III, R 1 has the following formula lid:
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lid

wherein:

C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle, or 5-9 membered bicyclic heterocycle, wherein any 3-7 membered monocycliccarbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle or 5-9
membered bicyclic heterocycle of C is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,
wherein the Z4 groups are the same or different; and
each Z4 is independently selected from H or Z4 , wherein the Z4 groups are the same or
different.
In certain embodiments of form

[0271]

1 has

the following formula:

wherein:

C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle or 5-9 membered bicyclic-carbocycle, wherein any 3-7 membered
monocyclic-carbocycle or 5-9 membered bicyclic-carbocycle of C is optionally substituted with
1, 2, 3, 4

or 5 Z4 groups, wherein the Z4 groups are the same or different.

[0272]

In certain embodiments of formula III, R 1 has the following formula:

[0273]

In certain embodiments of formula III, C together with the two carbon atoms to which

it is attached forms a 5-7 membered monocyclic-carbocycle or 5-7 membered bicyclic-
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carbocycle, wherein any 5-7 membered monocyclic-carbocycle or 5-7 membered bicycliccarbocycle of C is optionally substituted with 1, 2, 3, or 4 Z4 groups, wherein the Z4 groups are
the same or different.
[0274]

In certain embodiments of formula III, each Z4 is independently (C 1-C )alkyl , (C 3-

C7)carbocycle, halogen, -CN, -NR 5 R 5 , -NR 5 CORp5 , -NR 5 C0 2Rp5 , -C(0)OR 5 , or C(0)NR 5 R 5 , wherein any (C3-C7)carbocycle or (C 1-C 8)alkyl of Z4 is optionally substituted with
1, 2, 3, 4

or 5 Z4 groups.

[0275]

In certain embodiments, each Z4 is independently (C 1-C 6)alkyl or halogen, wherein any

(C 1-C 6)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 halogen, which may be the same

or different. In certain embodiments, each Z4 is independently (Ci -C4 )alkyl or halogen, wherein
any (Ci -C 6)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 halogen, which may be the
same or different. In certain embodiments, each Z4 is independently (Ci-C 3)alkyl or halogen,

wherein any (Ci-C 3)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 halogen, which may
be the same or different.
[0276]

In certain embodiments, each Z4 is independently fluoro, trifluoromethyl, or

difluoromethyl.
[0277]

groups is

In certain embodiments of formula III, R1 optionally substituted with 1, 2, 3, 4, or 5 Z4
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280]

In certain embodiments, R 1 optionally substituted with 1, 2, 3, 4, or 5 Z4 groups is

In certain embodiments, R 1 optionally substituted with 1, 2, 3, 4, or 5 Z4 groups
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[0281]

In certain embodiments, R 1 optionally substituted with 1, 2, 3, 4, or 5 Z4 groups is

.

In certain embodiments, R 1 optionally substituted with 1, 2, 3, 4, or 5 Z4 groups is

[0282]

In certain embodiments, R 1 optionally substituted with 1, 2, 3, 4, or 5 Z4 groups is

[0283]

In certain embodiments, R 1 is

optionally substituted with 1, 2, 3, 4 or 5 Z4 groups.
[0284]

In certain embodiments, R 1 is

optionally substituted with 1, 2, 3, 4 or 5 Z groups.
[0285]

In certain embodiments of formula III, each Z4 is independently (C 1-C 6)alkyl or

halogen, wherein any (Ci-C 6)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 halogen,
which may the same or different.
[0286]

In certain embodiments, each Z4 is independently (C 1-C 6)alkyl, -CN, or halogen,

wherein any (C 1-C 6)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 halogen, which may
the same or different.
[0287]

In certain embodiments, each Z4 is independently fluoro, trifluoromethyl, or

difluoromethyl.
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[0288]

In certain embodiments, each Z4 is independently fluoro, trifluoromethyl, -CN, or

difluoromethyl.
[0289]

In certain embodiments of Formula III, Z 1 is phenyl, 5-14 membered heteroaryl, or 3-

14 membered heterocycle, wherein any phenyl, 5-14 membered heteroaryl, or 3-14 membered

heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
[0290]

In certain embodiments, Z 1 is phenyl, 5-12 membered heteroaryl, or 3-12 membered

heterocycle, wherein any phenyl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
[0291]

In certain embodiments, Z 1 is phenyl, 5-14 membered heteroaryl, or 3-14 membered

heterocycle, wherein any phenyl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0292]

In certain embodiments, Z 1 is phenyl, 5-12 membered heteroaryl, or 3-12 membered

heterocycle, wherein any phenyl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0293]

In certain embodiments, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
[0294]

In certain embodiments, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0295]

In certain embodiments, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle have 1-11 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
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[0296]

In certain embodiments, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle have 1-11 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with 1, 2, 3, 4 or 5 Z l groups.
[0297]

In certain embodiments, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle have 4-11 carbon atoms and 1-3 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
[0298]

In certain embodiments, Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10

membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle, wherein the 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle have 4-11 carbon atoms and 1-3 heteroatoms in the ring system, and wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with 1, 2, 3, 4 or 5 Z l groups.
[0299]

In certain embodiments, Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10 membered

bicyclic-heterocycle, wherein any from 8-10 membered bicyclic-heteroaryl or 8-10 membered
bicyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
[0300]

In certain embodiments, Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10 membered

bicyclic-heterocycle, wherein any from 8-10 membered bicyclic-heteroaryl or 8-10 membered
bicyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0301]

In certain embodiments, Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10 membered

bicyclic-heterocycle, wherein the 8-10 membered bicyclic-heteroaryl or 8-10 membered
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bicyclic-heterocycle has 3-9 carbon atoms and 1-5 heteroatoms in the ring system, and wherein
any 8-10 membered bicyclic-heteroaryl or 8-10 membered bicyclic-heterocycle of Z 1 is

optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l groups.
[0302]

In certain embodiments, Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10 membered

bicyclic-heterocycle, wherein the 8-10 membered bicyclic-heteroaryl or 8-10 membered
bicyclic-heterocycle has 3-9 carbon atoms and 1-5 heteroatoms in the ring system, and wherein
any 8-10 membered bicyclic-heteroaryl or 8-10 membered bicyclic-heterocycle of Z 1 is

optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0303]

In certain embodiments of formula III, Z 1 is not substituted with Z l .

[0304]

In certain embodiments of formula III, each Z l is independently oxo,

(C 3-C 7)carbocycle, halogen, -CN, -0-(C 1-C )alkyl, -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -

NR l CONR l R l , -NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , or -C(0)NR l R l .
[0305]

In certain embodiments, each Z l a is independently -NR l S(0) 2Rpl , -NR l S(0) 2NR l R l ,

or halogen. In certain embodiments, each Z l is independently halogen or -NR l S(0) 2Rpl . In
certain embodiments, each Z l is independently halogen or -NR l S(0) 2NR l R l .
[0306]

In certain embodiments, Z 1 is substituted with 2 Z l groups, wherein each Z l is

independently -NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , or halogen.
[0307]

In certain embodiments, each Z l is independently halogen or -NR l S(0) 2Rpl and each

Z l is (Ci-C8)alkyl, which may be same or different.
[0308]

In certain embodiments, Z l a is -NR l S(0) 2Rpl or -NR l S(0) 2NR l R l . In certain

embodiments, Z la is halogen. In certain embodiments, Z la is -NR l R l , -NR l CORpl , NR l C0 2Rpl , or -NR l CONR l R l .
[0309]

In certain embodiments, Z l a is halogen, -OR l , or-C(0)NR l R l .

[0310]

In certain embodiments, Z l a is halogen or -C(0)NR l R l .

[0311]

In certain embodiments, Z l is halogen, -OH, or -C(0)NH 2 .

[0312]

In certain embodiments, Z l a is fluoro, -OH, or -C(0)NH 2 .

[0313]

In certain embodiments, each Z l is (

[0314]

In certain embodiments, each Z l is independently methyl or difluoromethyl.

[0315]

In certain embodiments of formula III, Z 1 is

-C

kyl, which may be same or different.
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optionally substituted with 1, 2, 3, 4 or

[0316]

la

or Z

In certain embodiments, Z 1 is

wherein each Z lw is independently Z l ,

Z l , or H . In certain embodiments, each Z l is independently halogen, -CN, -OR l ,
NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , -NR l R l , -NR l CORpl , -NR l CONR l R l , or -NR l C0 2Rpl ;
each Z l is independently (CrCgalkyl), wherein the (CrCgalkyl) is optionally substituted with 1,
2, or 3 halogen, which are the same or different; and at least one of Z lw is Z l or Z l . In certain

embodiments, at least two of Z lw are independently Z l . In certain embodiments, each Z l is
independently halogen, -NR l S(0) 2Rpl , or -NR l S(0) 2NR l R l .

[0317]

In certain embodiments, Z 1 is

halogen, -NR l S(0) 2Rpl or -NR l S(0) 2

[0318]

In certain embodiments, Z 1 is

, wherein each Z is independently
lR

, optionally substituted with 1, 2, 3, or

4 Z a or Z

[0319]

In certain embodiments, Z is

[0320]

In certain embodiments, Z 1 optionally substituted with 1, 2, 3, 4, or 5 Z l or Z l groups

is
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[0321]

is

In certain embodiments, Z 1 optionally substituted with 1, 2, 3, 4, or 5 Z l or Z l groups
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[0322]

In certain embodiments, Z 1 optionally substituted with 1, 2, 3, 4, or 5 Z l or Z l groups

is

[0323]

is

In certain embodiments, Z 1 optionally substituted with 1, 2, 3, 4, or 5 Z l or Z l groups
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ith 1, 2, 3, 4, or 5 Z l or Z l groups

[0324]

In certain embodiments,

[0325]

In certain embodiments, Z is

[0326]

In certain embodiments, Z2 -A-Z 1 is:

[0327]

In one variation of formula III, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl;

and R 1 is a 5-12 membered heteroaryl, optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,
which may be the same or different. In another variation, A is pyridinyl, pyrimidinyl, pyrazinyl
or pyridazinyl; and R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclicheteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups. In another variation, A
is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; R 1 is a 8-12 membered bicyclic-heteroaryl or

8-12 membered tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12

membered tricyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups; and
each Z4 is independently fluoro, trifluoromethyl, or difluoromethyl.
[0328]

In one variation of formula III, A is pyridinyl; and R 1 is a 8-12 membered

bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally substituted with 1,
2, 3, 4, or 5 Z4 groups, which may be the same or different.

[0329]

In one variation of formula III, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl;

and R2 is 3,5-difluorophenyl. In another variation, A is pyridinyl; and R2 is 3,5-difluorophenyl.
In another variation, A is pyrimidinyl; and R is 3,5-difluorophenyl. In another variation, A is

pyrazinyl; and R2 is 3,5-difluorophenyl. In another variation, A is pyridazinyl; and R2 is 3,5difluorophenyl.
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[0330]

In one variation of formula III, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl;

and Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 810 membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl,

5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered

bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with
1, 2, 3, 4

or 5 Z l groups, which may be the same or different. In another variation, A is

pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and Z 1 is phenyl, optionally substituted with 1,
2, 3, 4 or 5 Z l groups. In another variation, A is pyridinyl, pyrimidinyl, pyrazinyl or

pyridazinyl; and Z 1 is 5-6 membered monocyclic-heteroaryl or 8-10 membered bicyclicheteroaryl, wherein any 5-6 membered monocyclic-heteroaryl or 8-10 membered bicyclicheteroaryl of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups. In another variation, A
is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl; and Z 1 is 8-10 membered bicyclic-

heterocycle or 9-12 membered tricyclic-heterocycle wherein any 8-10 membered bicyclicheterocycle or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups.
[0331]

In one variation of formula III, A is pyridinyl; and Z 1 is phenyl, 5-6 membered

monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups, which may be the same or different. In another variation, A is pyridinyl; and Z 1
is phenyl, optionally substituted with 1, 2, 3, 4 or 5 Z l groups. In another variation, A is

pyridinyl; and Z 1 is 5-6 membered monocyclic-heteroaryl or 8-10 membered bicyclic-heteroaryl,
wherein any 5-6 membered monocyclic-heteroaryl or 8-10 membered bicyclic-heteroaryl of Z 1
is optionally substituted with 1, 2, 3, 4 or 5 Z l groups. In another variation, A is pyridinyl; and

Z 1 is 8-10 membered bicyclic-heterocycle or 9-12 membered tricyclic-heterocycle wherein any
8-10 membered bicyclic-heterocycle or 9-12 membered tricyclic-heterocycle of Z 1 is optionally

substituted with 1, 2, 3, 4 or 5 Z l groups.
[0332]

In one variation of formula III, A is pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl;

and Z is (C2 -Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, 3-12
membered C-linked-heterocycle, or -C(0)NR R , wherein any 6-12 membered aryl, 5-12
membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is optionally
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substituted with 1, 2, 3, 4 or 5 Z

or Z groups, which may be the same or different, and

wherein any (C 2 -C8 )alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups, which
may be the same or different. In another variation, A is pyridinyl; and Z is (C 2 -C8 )alkynyl, 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or
-C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2
groups, and wherein any (C 2 -C8 )alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2
groups. In another variation, A is pyrimidinyl; and Z is (C 2-Cg)alkynyl, 6-12 membered aryl, 512 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR

R ,

wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered Clinked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and
wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups. In
another variation, A is pyrazinyl; and Z is (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR R 3 , wherein any 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and wherein any (C 2-Cg)alkynyl
of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z 2 groups. In another variation, A is
pyridazinyl; and Z is (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or -C(0)NR

R 3 , wherein any 6-12 membered aryl, 5-12

membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is optionally
substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, and wherein any (C 2-Cg)alkynyl of Z2 is
optionally substituted with 1, 2, 3, 4 or 5 Z2 groups.
[0333]

In one variation of formula III, A is pyridinyl substituted with one Z 1 moiety, one Z2

moiety and no (zero) Z3 moieties; and Z2 is (C 2-Cg)alkynyl or aryl, which Z2 may be optionally
substituted as provided by formula III. In another variation, A is pyridinyl substituted with one
Z 1 moiety, one Z2 moiety and no (zero) Z3 moieties; and Z2 is (C 2-Cg)alkynyl, which Z2 may be
optionally substituted as provided by formula III. In a particular variation, A is pyridinyl
substituted with one Z 1 moiety, one Z2 moiety at the position alpha to the nitrogen atom of the
pyridinyl ring, and no (zero) Z3 moieties, wherein Z2 is (C 2-Cg)alkynyl, which Z2 may be
optionally substituted as provided by formula III.
[0334]

In one variation of formula III, R 1 is a 5-12 membered heteroaryl optionally substituted

with 1, 2, 3, 4 or 5 Z4 groups, which may be the same or different; and Z 1 is phenyl, 5-6
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membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups, which may be the same or different. In another variation, R 1 is a 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein any 8-12
membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally
substituted with 1, 2, 3, 4, or 5 Z4 groups; and Z 1 is phenyl, 5-6 membered monocyclicheteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12
membered tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10
membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered
tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups.
[0335]

In one variation of formula III, R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12

membered tricyclic-heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups,
which may be the same or different; and Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle wherein any 8-10 membered bicyclic-heteroaryl or 8-10
membered bicyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
which may be the same or different.
[0336]

In one variation of formula III, R 1 is a 5-12 membered heteroaryl optionally substituted

with 1, 2, 3, 4 or 5 Z4 groups, which may be the same or different; and Z2 is (C 2-Cg)alkynyl, 6-12
membered aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or
-C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12
membered C-linked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2
groups, and wherein any (C 2-Cg)alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2
groups, which may be the same or different. In another variation, R 1 is a 8-12 membered

bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl wherein any 8-12 membered
bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally substituted with 1,
2, 3, 4, or 5 Z4 groups; and Z2 is (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-

heteroaryl, 3-12 membered C-linked-heterocycle, or -C(0)NR R , wherein any 6-12 membered
aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is
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optionally substituted with 1, 2, 3, 4 or 5 Z or Z groups, and wherein any (C 2-Cg )alkynyl of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 group.
[0337]

In one variation of formula III, Z1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-

10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered

tricyclic-heterocycle wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered
bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclicheterocycle of Z 1 is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, which may be the same
9

or different; and Z is (C 2-Cg )alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl,
3-12 membered C-linked-heterocycle, or -C(0)NR R , wherein any 6-12 membered aryl, 5-12
9

membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of Z is optionally
substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, which may be the same or different, and
wherein any (C 2-Cg )alkynyl of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 groups, which
may be the same or different.
[0338]

In one variation of formula III, Z 1 is bicyclic-heteroaryl optionally substituted with 1,

2, 3, 4 or 5 Z l groups, which may be the same or different; and Z2 is (C2-Cg )alkynyl optionally

substituted with 1, 2, 3, 4 or 5 Z2 groups, which may be the same or different.
[0339]

In one variation of formula III, R 1 is a 5-12 membered heteroaryl; Z1 is phenyl, 5-6

membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle wherein any phenyl, 5-6 membered
monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclicheterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally substituted with 1, 2, 3, 4
or 5 Z l groups, which may be the same or different; and Z2 is (C 2-Cg )alkynyl, 6-12 membered
aryl, 5-12 membered C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, or

-C(0)NR R , wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12

membered C-linked-heterocycle of Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2
9

groups, which may be the same or different, and wherein any (C 2-Cg )alkynyl of Z is optionally

substituted with 1, 2, 3, 4 or 5 Z2 groups, which may be the same or different.
[0340]

In certain embodiments of formula III,

A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the

6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
9

Z group, and optionally substituted with 1 or 2 Z groups, which may be the same or different;
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R is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, which may be the same or different;
R is phenyl optionally substituted with 1, 2, 3, 4 or 5 halogen, which may be the same or
different;
each R a and R is independently H or (Ci-C 3)al

l;

Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , which may be the same or different;
each Z l is independently oxo, (C 3-C 7)carbocycle, halogen, -CN, -0-(C 1-C 8)alkyl,

-OC(0)R pl , -OC(0)NR l R l , -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -NR l CONR l R l ,
-NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR

l,

or -C(0)NR l R l ;

each Z l is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which may be the same or different;
each R l is independently H or (Ci-C )alkyl;
each Rpl is independently (Ci-C )alkyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 (Ci-C )alkyl, which may be the same or different, and wherein any (C 1-C 8)alkyl of Rpl is
optionally substituted with 1, 2, 3, 4 or 5 halogen, hydroxyl, -0(Ci-C 8)alkyl, or -NR 2R 2 , which
may be the same or different;
each R l and R l is independently H, (C 1-Cg)alkyl, (C 3-C 7)carbocycle, or 3-7-membered
heterocycle, wherein any (Ci-C )alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
halogen or -CN, which may be the same or different, or R l and R l together with the nitrogen to
which they are attached form a 5, 6, or 7-membered heterocycle, wherein the 5, 6, or 7membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 (C 1-Cg)alkyl, which may be
the same or different;
each R 2 and R 2 is independently H, (Ci-C 8)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-C )alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
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Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, which may be the same or

different, and wherein any (C2-C 8)alkenyl or (C2-C 8)alkynyl of Z is optionally substituted with
1, 2, 3, 4,

or 5 Z2 groups, which may be the same or different;

each R is independently H or (C 1-C4)alkyl;
each R and R is independently H or (

-G^alkyl;

each Z2 is independently oxo, (Ci-C4)alkyl, (C 1-C4)heteroalkyl or (C 1-C4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , NR 4R 4 , -NR^COR , NR 4 C0 2Rp4 , -NR 4 S(0) 2Rp4 , -C(0)R 4 , -C(0)OR

4

or -C(0)NR 4 R 4 ;

each R 4 is independently H, (Ci-C4)alkyl, or (C 1-C4)heteroalkyl;
each Rp4 is independently (Ci -C )alkyl;
each R 4 and R 4 is independently H, (Ci-C4)alkyl, or (C 1-C4)heteroalkyl;
each Z is independently a (C 1-C4)heteroalkyl or halogen;
each Z4 is independently oxo, (C 1-C )alkyl , (C3 -C 7)carbocycle, halogen, -CN, -OR 5 , NR 5 R 5 , -NR 5CORp5 , -NR 5 C0 2Rp5 , -C(0)R 5 , -C(0)OR 5 , or -C(0)NR 5R 5 , wherein any (C3C 7 )carbocycle or (Ci -C )alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

which may be the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ; and
each R 5 , Rp5 R 5 , R 5 , and R 6 is independently H or (C 1-C4)alkyl.
[0341]

In certain embodiments of formula III,

A 1 is CH, C-Z3, or nitrogen;
A is CH or nitrogen;
R1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,

wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, which may be the same or different;

each R a and R is independently H or (CrC 3)alkyl;
Z1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,

wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , which may be the same or different;
each Zl is independently oxo, (C3-C 7)carbocycle, halogen, -CN, -0-(C 1-C )alkyl ,

-OC(0)R pl , -OC(0)NR l R l , -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -NR l CONR l R l ,
-NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR l , or -C(0)NR l R l ;
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each Z is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which may be the same or different;
each R l is independently H or (Ci-C8)alkyl;
each Rpl is independently (C 1-Cg)alkyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 (Ci-C8)alkyl, which may be the same or different, and wherein any (Q-C^alkyl of Rpl is
optionally substituted with 1, 2, 3, 4 or 5 halogen, hydroxyl, -0(C 1-Cg)alkyl, or -NR 2R 2 , which
may be the same or different;
each R l and R l is independently H, (CrC^alkyl, (C 3-C7)carbocycle, or 3-7-membered
heterocycle, wherein any (Ci-C8)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
halogen or -CN, which may be the same or different, or R l and R l together with the nitrogen to
which they are attached form a 5, 6, or 7-membered heterocycle, wherein the 5, 6, or 7membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 (C 1-Cg)alkyl, which may be
the same or different;
each R 2 and R 2 is independently H, (Ci-C 8)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-C )alkenyl, (C 2-C )alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, which may be the same or
different, and wherein any (C 2-C )alkenyl or (C 2-Cg)alkynyl of Z is optionally substituted with
1, 2, 3, 4,

or 5 Z2 groups, which may be the same or different;

each R is independently H or (Cr

alkyl;

each R 3 and R 3 is independently H or (C 1-C4)alkyl;
each Z2 is independently oxo, (C 1-C4)alkyl, (C 1-C4)heteroalkyl or (C 1-C 4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR
N R 4 C0 2Rp4 , -NR 4 S(0) 2Rp4 ,

-C(0)R 4 , -C(0)OR

4

4,

N R 4R 4 ,

or -C(0)NR 4 R 4 ;

each R 4 is independently H, (Ci-C 4)alkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (C 1-C 8)alkyl;
each R 4 and R 4 is independently H, (C 1-C 4)alkyl, or (C 1-C4)heteroalkyl;
Z is independently a (C 1-C4)heteroalkyl or halogen;

-
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each Z4 is independently oxo, (C 1-Cg)alkyl,
N R

q5 R 5

N R

CORP

5

-NR 5C0 2Rp5 , -C(0)R

5,

(C3

-C 7 )carbocycle, halogen, -CN, -OR 5 , -

-C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C 7 )carbocycle or (Ci-C8)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

which may be the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ; and

each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
each Z5 is independently halogen, which may be same or different; and
n is 0, 1, 2, or 3 .
[0342]

In one embodiment the compound of formula I is selected from:
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or a pharmaceutically acceptable salt thereof.
[0344]

In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
[0345]

In certain embodiments, a compound or a pharmaceutically acceptable salt thereof is:
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or a pharmaceutically acceptable salt thereof.
[0347]

In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
[0348]

In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
[0349]

In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
[0350]

In certain embodiments, a compound is:
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or a pharmaceutically acceptable salt thereof.
[0351]

In certain embodiments, a compound is:

or a pharmaceutically acceptable salt thereof.
General Synthetic Procedures
[0352]

The following schemes describe methods that are useful for preparing compounds of

formula I . The following schemes similarly describe methods that are useful for preparing
compounds of formula III.
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Scheme 1

[0353]

Scheme 1 describes a general stereoselective route which is used to prepare compounds

of formula I . The scheme is also be used to prepare compounds of formula III. Heteroaryl acids
of formula A l (where X represents diversifiable chemical group such as NH2, SH, or halogen
that are suitably protected) are converted to the corresponding aldehydes then condensed with a
chiral auxiliary to provide a stereoselective addition of a nucleophilic reagent. Depicted in
Scheme 1 is the conversion of a heteroaryl acid A l containing two diversifiable functional
groups (e.g., X and Br) to the corresponding aldehyde. This is followed by the condensation of
the aldehyde A3 with (S) tert-butane sulfinamide and the addition of a Grignard reagent to
provide a mixture of A5 and A6 enriched in A5. This mixture is separated by column
chromatography on silica gel to provide pure diastereomers. Removal of the auxiliary provides
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amines A7 and A8 which are coupled to a variety of carboxylic acids to provide heteroaryl
compounds of formula A9 and A10. Diversification of A9 and A10 is accomplished by a variety
of methods including alkylation, acylation, cyanation, nucleophilic aromatic displacement, and
metal catalyzed cross coupling reactions such as Suzuki couplings, Buchwald-Hartwig type
couplings, and Sonogashira couplings.
[0354]

Scheme 2 describes a general stereoselective route which can be used to prepare

compounds of formulas I and III.
Scheme 2

[0355]

Depicted in Scheme 2 is the protection of amine A7 to a compound of formula B 1.

This is followed by the conversion of the Br to the corresponding boronic acid. Diversification
of the functional group X and boronic acid is accomplished by a variety of methods including
alkylation, acylation, cyanation, nucleophilic aromatic displacement, and metal catalyzed cross
coupling reactions such as Suzuki couplings, Buchwald-Hartwig type couplings, and
Sonogashira couplings to provide compounds of formulas B3 and B4. Deprotection followed by
amide formation with a variety of carboxylic acids provides compounds of formula I .
Combination Therapy

155

[0356]

In one embodiment, the invention provides a method for treating an HIV infection,

comprising administering to a patient in need thereof a therapeutically effective amount of a
compound disclosed herein, or a pharmaceutically acceptable salt, thereof, in combination with a
therapeutically effective amount of one or more additional therapeutic agents which are suitable
for treating an HIV infection.
[0357]

A compound as disclosed herein (e.g., a compound of any of formulas I and III or a

pharmaceutically acceptable salt thereof) may be combined with one or more additional
therapeutic agents in any dosage amount of the compound (e.g., from 50 mg to 300 mg of
compound).
[0358]

In one embodiment, a method for treating or preventing an HIV infection in a human

having or at risk of having the infection is provided, comprising administering to the human a
therapeutically effective amount of a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, in combination with a therapeutically effective amount of one or more
additional therapeutic agents.
[0359]

In one embodiment, the invention provides pharmaceutical compositions comprising a

compound disclosed herein, or a pharmaceutically acceptable salt thereof, in combination with at
least one additional therapeutic agent, and a pharmaceutically acceptable carrier. For example,
the therapeutic agent used in combination with the compound disclosed herein can be any antiHIV agent.
[0360]

In one embodiment, combination pharmaceutical agents comprising a compound

disclosed herein, or a pharmaceutically acceptable salt thereof, in combination with one or more
additional therapeutic agents are provided.
[0361]

One embodiment provides pharmaceutical compositions comprising a compound

disclosed herein, or a pharmaceutically acceptable salt thereof, in combination with at least one
additional therapeutic agent, and a pharmaceutically acceptable carrier. In one embodiment, the
additional therapeutic agent may be an anti-HIV agent. For example, in some embodiments, the
additional therapeutic agent is selected from the group consisting of HIV protease inhibiting
compounds (HIV protease inhibitors), HIV non-nucleoside inhibitors of reverse transcriptase,
HIV nucleoside inhibitors of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, HIV non-catalytic site (or allosteric) integrase inhibitors,
entry inhibitors (e.g., CCR5 inhibitors, gp41 inhibitors (i.e., fusion inhibitors) and CD4
attachment inhibitors), CXCR4 inhibitors, gpl20 inhibitors, G6PD and NADH-oxidase
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inhibitors, capsid polymerization inhibitors or capsid disrupting compounds such as those
disclosed in US 2013/0165489 (University of Pennsylvania), and WO 2013/006792 (Pharma
Resources), pharmacokinetic enhancers, and other drug for treating HIV, and combinations
thereof.
[0362]

In further embodiments, the additional therapeutic agent is selected from one or more

of:

(1) HIV protease inhibitors selected from the group consisting of amprenavir, atazanavir,

fosamprenavir, indinavir, lopinavir, ritonavir, nelfinavir, saquinavir, tipranavir, brecanavir,
darunavir, TMC-126, TMC-114, mozenavir (DMP-450), JE-2147 (AG1776), L-756423,
RO0334649, KNI-272, DPC-681, DPC-684, GW640385X, DG17, PPL-100, DG35, and AG
1859;
(2) HIV non-nucleoside or non-nucleotide inhibitors of reverse transcriptase selected

from the group consisting of capravirine, emivirine, delaviridine, efavirenz, nevirapine, (+)
calanolide A, etravirine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, TMC-120,
rilpivirene, BILR 355 BS, VRX 840773, lersivirine (UK-453061), RDEA806, KM023 and MK1439;
(3) HIV nucleoside inhibitors of reverse transcriptase selected from the group consisting

of zidovudine, emtricitabine, didanosine, stavudine, zalcitabine, lamivudine, abacavir,
amdoxovir, elvucitabine, alovudine, MIV-210, ±-FTC, D-d4FC, emtricitabine, phosphazide,
fozivudine tidoxil, apricitibine (AVX754), amdoxovir, KP-1461, GS-9131 (Gilead Sciences) and
fosalvudine tidoxil (formerly HDP 99.0003);
(4) HIV nucleotide inhibitors of reverse transcriptase selected from the group consisting

of tenofovir, tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate, tenofovir
disoproxil, tenofovir alafenamide fumarate, tenofovir alafenamide hemifumarate, tenofovir
alafenamide, GS-7340 (Gilead Sciences), GS-9148 (Gilead Sciences), adefovir, adefovir
dipivoxil, CMX-001 (Chimerix) or CMX-157 (Chimerix);
(5) HIV integrase inhibitors selected from the group consisting of curcumin, derivatives

of curcumin, chicoric acid, derivatives of chicoric acid, 3,5-dicaffeoylquinic acid, derivatives of
3,5-dicaffeoylquinic acid, aurintricarboxylic acid, derivatives of aurintricarboxylic acid, caffeic
acid phenethyl ester, derivatives of caffeic acid phenethyl ester, tyrphostin, derivatives of
tyrphostin, quercetin, derivatives of quercetin, S-1360, AR-177, L-870812, and L-870810,
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raltegravir, BMS-538158, GSK364735C, BMS-707035, MK-2048, BA Oil, elvitegravir,
dolutegravir and GSK-744;
(6) HIV non-catalytic site, or allosteric, integrase inhibitors (NCINI) including, but not

limited to, BI-224436, CX0516, CX05045, CX14442, compounds disclosed in WO
2009/062285 (Boehringer Ingelheim), WO 2010/130034 (Boehringer Ingelheim), WO
2013/159064 (Gilead Sciences), WO 2012/145728 (Gilead Sciences), WO 2012/003497 (Gilead
Sciences), WO 2012/003498 (Gilead Sciences) each of which is incorporated by reference in its
entirety herein;
(7) gp41 inhibitors selected from the group consisting of enfuvirtide, sifuvirtide,

albuvirtide, FB006M, and TRI-1144;
(8) the CXCR4 inhibitor AMD-070;
(9) the entry inhibitor SP01A;

(10) the gpl20 inhibitor BMS-488043;
(11) the G6PD and NADH-oxidase inhibitor immunitin;
(12) CCR5 inhibitors selected from the group consisting of aplaviroc, vicriviroc,

maraviroc, cenicriviroc, PRO-140, INCB15050, PF-232798 (Pfizer), and CCR5mAb004;
(13) CD4 attachment inhibitors selected from the group consisting of ibalizumab (TMB-

355) and BMS-068 (BMS-663068);
(14) pharmacokinetic enhancers selected from the group consisting of cobicistat,

ritonavir, and SPI-452; and
(15) other drugs for treating HIV selected from the group consisting of BAS-100, SPI-

452, REP 9, SP-01A, TNX-355, DES6, ODN-93, ODN-112, VGV-1, PA-457 (bevirimat),
HRG214, VGX-410, KD-247, AMZ 0026, CYT 99007 A-221 HIV, DEBIO-025, BAY 50-4798,
MDX010 (ipilimumab), PBS 119, ALG 889, and PA-1050040 (PA-040).
[0363]

In certain embodiments, a compound disclosed herein, or a pharmaceutically

acceptable salt thereof, is combined with two, three, four or more additional therapeutic agents.
In certain embodiments, a compound disclosed herein, or a pharmaceutically acceptable salt

thereof, is combined with two additional therapeutic agents. In other embodiments, a compound
disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with three additional
therapeutic agents. In further embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with four additional therapeutic agents. The two, three four
or more additional therapeutic agents can be different therapeutic agents selected from the same
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class of therapeutic agents, or they can be selected from different classes of therapeutic agents.
In a specific embodiment, a compound disclosed herein, or a pharmaceutically acceptable salt

thereof, is combined with an HIV nucleotide inhibitor of reverse transcriptase and an HIV non-

nucleoside inhibitor of reverse transcriptase. In another specific embodiment, a compound
disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with an HIV
nucleotide inhibitor of reverse transcriptase, and an HIV protease inhibiting compound. In a
further embodiment, a compound disclosed herein, or a pharmaceutically acceptable salt thereof,
is combined with an HIV nucleotide inhibitor of reverse transcriptase, an HIV non-nucleoside

inhibitor of reverse transcriptase, and an HIV protease inhibiting compound. In an additional
embodiment, a compound disclosed herein, or a pharmaceutically acceptable salt thereof, is
combined with an HIV nucleotide inhibitor of reverse transcriptase, an HIV non-nucleoside
inhibitor of reverse transcriptase, and a pharmacokinetic enhancer.
[0364]

In a specific embodiment, a compound disclosed herein, or a pharmaceutically

acceptable salt thereof, is combined with tenofovir, tenofovir disoproxil fumarate, tenofovir

disoproxil hemifumarate, tenofovir disoproxil, tenofovir alafenamide fumarate, tenofovir
alafenamide hemifumarate, or tenofovir alafenamide. In another specific embodiment, a
compound disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with
tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate, or tenofovir alafenamide. In a
specific embodiment, a compound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with emtricitibine, abacavir or lamivudine.
[0365]

In a specific embodiment, a compound disclosed herein, or a pharmaceutically

acceptable salt thereof, is combined with one of: tenofovir, tenofovir disoproxil fumarate,

tenofovir disoproxil hemifumarate, tenofovir disoproxil, tenofovir alafenamide fumarate,
tenofovir alafenamide hemifumarate, or tenofovir alafenamide and one of: emtricitibine,
abacavir or lamivudine. In a specific embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with one of: tenofovir disoproxil fumarate,
tenofovir disoproxil hemifumarate, tenofovir alafenamide fumarate, or tenofovir alafenamide
and one of: emtricitibine or abacavir.
[0366]

In some embodiments, a compound disclosed herein, or a pharmaceutically acceptable

salt thereof, is combined with 5-30 mg tenofovir alafenamide fumarate, tenofovir alafenamide

hemifumarate, or tenofovir alafenamide and 200 mg emtricitabine. In some embodiments, a
compound disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with 5-

159

10; 5-15; 5-20; 5-25; 25-30; 20-30; 15-30; or 10-30 mg tenofovir alafenamide fumarate,

tenofovir alafenamide hemifumarate, or tenofovir alafenamide and 200 mg emtricitabine. In
some embodiments, a compound disclosed herein, or a pharmaceutically acceptable salt thereof,
is combined with 10 mg tenofovir alafenamide fumarate, tenofovir alafenamide hemifumarate,

or tenofovir alafenamide and 200 mg emtricitabine. In some embodiments, a compound
disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with 25 mg
tenofovir alafenamide fumarate, tenofovir alafenamide hemifumarate, or tenofovir alafenamide
and 200 mg emtricitabine. A compound as disclosed herein (e.g., a compound of any of formulas
I and III or a pharmaceutically acceptable salt thereof) may be combined with the agents
provided herein in any dosage amount of the compound (e.g., from 50 mg to 300 mg of
compound) the same as if each combination of dosages were specifically and individually listed.
[0367]

In some embodiments, a compound disclosed herein, or a pharmaceutically acceptable

salt thereof, is combined with 200-400 mg tenofovir disoproxil fumarate, tenofovir disoproxil

hemifumarate, or tenofovir disoproxil and 200 mg emtricitabine. In some embodiments, a
compound disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with 200250; 200-300; 200-350; 250-350; 250-400; 350-400; 300-400; or 250-400 mg tenofovir

disoproxil fumarate, tenofovir disoproxil hemifumarate, or tenofovir disoproxil and 200 mg
emtricitabine. In some embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with 300 mg tenofovir disoproxil fumarate, tenofovir
disoproxil hemifumarate, or tenofovir disoproxil and 200 mg emtricitabine. A compound as
disclosed herein (e.g., a compound of any of formulas I and III or a pharmaceutically acceptable
salt thereof) may be combined with the agents provided herein in any dosage amount of the

compound (e.g., from 50 mg to 300 mg of compound) the same as if each combination of
dosages were specifically and individually listed.
[0368]

In some embodiments, one or more of the compounds disclosed herein are combined

with one or more other active therapeutic agents in a unitary dosage form for simultaneous or
sequential administration to a patient. In certain embodiments, a pharmaceutical composition
including one or more of the compounds disclosed herein combined with one or more other
active therapeutic agents is provided. In certain embodiments, the compounds disclosed herein
are combined with one or more other active therapeutic agents in a solid dosage form. The

combination therapy may be administered as a simultaneous or sequential regimen. When
administered sequentially, the combination may be administered in two or more administrations.
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[0369]

In some embodiments, one or more of the compounds disclosed herein are c o

administered with one or more other active therapeutic agents. Co-administration of a
compound disclosed herein with one or more other active therapeutic agents generally refers to
simultaneous or sequential administration of a compound disclosed herein and one or more other

active therapeutic agents, such that therapeutically effective amounts of disclosed herein and one
or more other active therapeutic agents are both present in the body of the patient.
[0370]

In yet another embodiment, the present application provides a method for treating an

HIV infection comprising administering to a patient in need thereof a therapeutically effective

amount of a compound disclosed herein, or a pharmaceutically acceptable salt thereof, in
combination with a therapeutically effective amount of one or more additional therapeutic agents
such as those disclosed above.

Pharmaceutical Formulations
[0371]

The compounds disclosed herein are formulated with conventional carriers (e.g.,

inactive ingredient or excipient material) which will be selected in accord with ordinary practice.
Tablets will contain excipients including glidants, fillers, binders and the like. Aqueous
formulations are prepared in sterile form, and when intended for delivery by other than oral
administration generally will be isotonic. All formulations will optionally contain excipients
such as those set forth in the Handbook of Pharmaceutical Excipients (1986). Excipients include

ascorbic acid and other antioxidants, chelating agents such as EDTA, carbohydrates such as

dextrin, hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like. One
embodiment provides the formulation as a solid dosage form including a solid oral dosage form.
The pH of the formulations ranges from about 3 to about 11, but is ordinarily about 7 to 10.
[0372]

While it is possible for the active ingredients to be administered alone it may be

preferable to present them as pharmaceutical formulations (compositions). The formulations,
both for veterinary and for human use, of the invention comprise at least one active ingredient,
as above defined, together with one or more acceptable carriers and optionally other therapeutic

ingredients. The carrier(s) must be "acceptable" in the sense of being compatible with the other

ingredients of the formulation and physiologically innocuous to the recipient thereof.
[0373]

The formulations include those suitable for the foregoing administration routes. The

formulations may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy. Techniques and formulations generally are

found in Remington's Pharmaceutical Sciences (Mack Publishing Co., Easton, PA). Such
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methods include the step of bringing into association the active ingredient with inactive
ingredients (e.g., a carrier, pharmaceutical excipients, etc.) which constitutes one or more
accessory ingredients. In general the formulations are prepared by uniformly and intimately
bringing into association the active ingredient with liquid carriers or finely divided solid carriers
or both, and then, if necessary, shaping the product.
[0374]

Formulations described herein that are suitable for oral administration may be

presented as discrete units including but not limited to capsules, cachets or tablets each
containing a predetermined amount of the active ingredient.
[0375]

Pharmaceutical formulations disclosed herein comprise one or more compounds

disclosed herein together with one or more pharmaceutically acceptable carriers or excipients
and optionally other therapeutic agents. Pharmaceutical formulations containing the active
ingredient may be in any form suitable for the intended method of administration. When used
for oral use for example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible
powders or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared.
Compositions intended for oral use may be prepared according to any method known to the art
for the manufacture of pharmaceutical compositions and such compositions may contain one or
more agents including sweetening agents, flavoring agents, coloring agents and preserving
agents, in order to provide a palatable preparation. Tablets containing the active ingredient in

admixture with non-toxic pharmaceutically acceptable excipient which are suitable for
manufacture of tablets are acceptable. These excipients may be, for example, inert diluents,
such as calcium or sodium carbonate, lactose, lactose monohydrate, croscarmellose sodium,

povidone, calcium or sodium phosphate; granulating and disintegrating agents, such as maize
starch, or alginic acid; binding agents, such as cellulose, microcrystalline cellulose, starch,

gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc.
Tablets may be uncoated or may be coated by known techniques including microencapsulation
to delay disintegration and adsorption in the gastrointestinal tract and thereby provide a

sustained action over a longer period. For example, a time delay material such as glyceryl
monostearate or glyceryl distearate alone or with a wax may be employed.
[0376]

The amount of active ingredient that is combined with the inactive ingredients to

produce a dosage form will vary depending upon the host treated and the particular mode of
administration. For example, in some embodiments, a dosage form for oral administration to
humans contains approximately 1 to 1000 mg of active material formulated with an appropriate
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and convenient amount of carrier material (e.g., inactive ingredient or excipient material). In
some embodiments, a dosage form (e.g., for oral administration to humans) contains: from 10

mg to 1000 mg or from 50 mg to 1000 mg or from 100 mg to 1000 mg or from 200 mg to 1000
mg or from 300 mg to 1000 mg or from 10 mg to 800 mg or from 10 mg to 600 mg or from 10
mg to 500 mg or from 10 mg to 400 mg or from 10 mg to 300 mg or from 50 mg to 800 mg or
from 100 mg to 600 mg or from 150 mg to 500 mg or from 200 mg to 400 mg or from 50 mg to
500 mg or from 10 mg to 300 mg or from 50 mg to 300 mg or from 10 mg to 200 mg or from 50

mg to 200 mg or from 100 mg to 300 mg or from 100 mg to 200 mg or from 200 mg to 300 mg
of active material (e.g., a compound of any of formulae I or III). In some embodiments, a dosage
form for oral administration to humans contains at least any of 10, 25, 50, 100, 150, 200, 250 or
300 mg and no more than 500 or 800 or 1000 mg of active material (e.g., from at least 50 mg to
no more than 500 mg). In some embodiments, a dosage form for oral administration to humans

contains at least any of 10, 25, 50, 100, 150, 200, 250 or 300 mg or no more than 500 or 800 or
1000 mg of active material. In some embodiments, a dosage form for oral administration to

humans contains any of 10, 25, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, or 1000 mg of active material. It is understood that a dosage form
in an amount provided herein may be administered to a patient (e.g., a human in need thereof) in
accordance with a dosing regimen provided herein, such as once, twice or thrice daily dosing. In
one aspect, a dosing regimen provides for administration of at least 10 mg and no more that
1,000 mg of active material (e.g., a compound of any of formulas I or III) daily, and it is

understood that the amount may be provided in any suitable dosage form and amount (e.g., 500
mg twice daily or 1,000 mg once daily would provide the same amount of 1,000 mg/day dosing).
The invention embraces once daily dosing to an individual (e.g., a human in need thereof) of a
dosage form of compound (e.g., a compound of any of formulas I or III) containing at least 50
mg and not more than 300 mg of compound. In certain embodiments, the carrier material varies
from about 5 to about 95% of the total compositions (weight:weight).
[0377]

It should be understood that in addition to the ingredients particularly mentioned above

the formulations of this invention may include other agents conventional in the art having regard
to the type of formulation in question, for example those suitable for oral administration may

include flavoring agents.
[0378]

The invention further provides veterinary compositions comprising at least one active

ingredient as above defined together with a veterinary carrier.
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[0379]

Veterinary carriers are materials useful for the purpose of administering the

composition and may be solid, liquid or gaseous materials which are otherwise inert or
acceptable in the veterinary art and are compatible with the active ingredient. These veterinary
compositions may be administered orally, parenterally or by any other desired route.
[0380]

Effective dose of active ingredient depends at least on the nature of the condition being

treated, toxicity, whether the compound is being used prophylactically (lower doses), the method

of delivery, and the pharmaceutical formulation, and will be determined by the clinician using
conventional dose escalation studies.
Routes of Administration
[0381]

One or more compounds disclosed herein (herein referred to as the active ingredients)

are administered by any route appropriate to the condition to be treated. Suitable routes include

oral, rectal, nasal, topical (including buccal and sublingual), vaginal and parenteral (including

subcutaneous, intramuscular, intravenous, intradermal, intrathecal and epidural), and the like. It
will be appreciated that the preferred route may vary with for example the condition of the
recipient. An advantage of the compounds disclosed herein is that they are orally bioavailable
and can be dosed orally.
Dosing Regimen
[0382]

The compound, such as a compound of any of Formulas I and III, may be administered

to an individual in accordance with an effective dosing regimen for a desired period of time or

duration, such as at least about one month, at least about 2 months, at least about 3 months, at
least about 6 months, or at least about 12 months or longer. In one variation, the compound is
administered on a daily or intermittent schedule for the duration of the individual's life.
[0383]

The dosage or dosing frequency of a compound of any of Formulas I and III may be

adjusted over the course of the treatment, e.g., based on the judgment of the administering
physician.
[0384]

The compound may be administered to an individual (e.g., a human) in an effective

amount. In one aspect, the compound is administered once daily. In one aspect, the compound
is administered twice a day. In one aspect, the compound is administered three times daily. It is

understood that the compound may be administered in any dosage amount provided herein, such
as a dosage amount that would provide at least 10 mg/day dosing and no more than 1,000

mg/day dosing. Once daily oral dosing is embraced, such as by administering a dosage form
containing from 50 mg to 300 mg of compound.
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[0385]

The antiviral properties of a compound of the invention may be determined using Test

A described below.
Test A : Antiviral assay in MT4 Cells
[0386]

For the antiviral assay, 40 µ ΐ of a concentration required to achieve a final effective

IX test concentration of 3-fold serially diluted compound in culture medium with 10% FBS was
added to each well of a 3 84- well plate (10 concentrations) in quadruplicate. MT-4 cells were
next mixed with HIV-IIIb at an m.o.i of 0.003 for 1 hour, after which time 35 µ ΐ of virus/cell
mixture (2000 cells) was immediately added to each well containing 40 µ ΐ of diluted
compound. The plates were then incubated at 37°C for 5 days. After 5 days of incubation, 25 µ ΐ
TM

of 2X concentrated CellTiter-Glo

Reagent (catalog # G7571, Promega Biosciences, Inc.,

Madison, WI) was added to each well containing MT-4 cells. Cell lysis was carried out by

incubating at room temperature for 10 min and then chemiluminescence was read. EC50 values
were calculated as the compound concentration that caused a 50% decrease in luminescence
signal, a measure of HIV-1 replication. Percent inhibition of virus-induced cell killing calculated

from the dose response curve at 2 µΜ and 0.2 µΜ drug concentration is shown in the table
below.
Test B : Cytotoxicity assay
[0387]

Compound cytotoxicity and the corresponding CC50 values was determined using the

same protocol as described in the antiviral assay (Test A) except that uninfected cells were used.
[0388]

Compounds of the present invention demonstrate antiviral activity (Test A) as depicted

in the table below. Shown below are the corresponding values for CC50 and percent inhibition

of virus-induced cell killing in the presence of 2 µΜ and 0.2 µΜ drug concentration.
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B
1

E
C

G
H
C
B
B

G
B
1
F
D
C
F
C
1

G

85
66
58
0
89
94
65
80
90
93
80
92
92
88
83
89
100
89
84

—

87
93
23
95
96
97
96
92

92
83

78
89
84
89
71

81

80

91

1

89
84
93
78
91
92
90
96
91
87
98
100
100
94
92

89
84

89
100
88
87

1

1
3
1

96
95

93

78
28
88
90
96
7
87
98

100
100
94
92
87
100
88
87
95
95

>53192
>53192
>53192
>53192
6824
10261
3670
12556
6934
19626
11162
7628
4949
7619
5921
9139
10014
10412
12175
15266
8582
8034
9177
12867
8758
14204
3150
6352
13516
26475
8719
7631
11765
15419
6816
10401
10490
21441
23969
23967
11736
11128

166

C
F
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B
B

1
G

1

D
F
E

1

D
E

93
92

92
92

98
92
97

98
92

93
95
94
96
96
100

93

100

91

91

98
100
97
94

98

96
77
94
87
87
86
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93
98
97
98
100
100
100
99
94
100
96
99
96
100
95
97
100

97
95
94
86

96

85

97

94
96
77
94
87
85

86

99
92
98
96
98
100
96
100
99
94
100
96
99
95

100
95
97
100

31753
8026
8076
9559
18961
7634
8440
22443
14337
14309
5695
8888
7696
19301
6956
21471
9638
718
9976
9509
5865
4494
6905
>40267
22571
11804
14418
4716
8579
12466
9698
9935
8734
7850
6471
6803
8488
7773
7620
9382
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92
93
94
95
96
97
98
99B

100
92

100
92

100
93
100

100
93

100

100
100

100

99
95
100
100
100
74
96
95
94
97
98
90
97
97
100

101

102
103

104

105E
106E
107B
108C
109
110E
111

112D
113D
114G

115C
116A
117F
118

119C
120H
121

122
123

124
125D
126
127

128B
129
130
131E

100
100

91

93
100

96
99
88
98
88
90
97
97
92
92
94
82
85
96

100

100

99
95
100
100
100
—

95
95
94
97
15

89
97
—

100
84
62
93

96
99
51

46
88

90
97
96
92
92
93
54
80
95

6244
4809
7577
6513
6998
7596
8410
6366
5136
6526
5815
6792
7463
31484
12404
5303
>53076
29567
>53192
9593
13891
1092
14834
9313
10484
27833
23924
9242
11699
9184
9072
7904
9145
13628
15507
8762
4181
12115
23158
22533
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132C
133
134
135B
136D
137C
138
139B
140M

92
90
83
93

92
90
82
93

—

—

100

93

83
94

61

145

98
95
99

94
98
100
92
98
95
99

1461

—

—

147

—

—

83

83

86
87
92
89
98
97
99
78
87

86
87

141D
142
143

144

148B
149
150
151

152
153

154
1551

156E
157G
158G
159
160

98
100
92

71

92
89
98
97

99
78
87
71

24161
16784
28027
14242
7427
7881
33392
15437
20364
19761
12621
11253
16236
8687
33468
>53192
23264
26728
28895
25316
11872
18649
12488
26782
25584
10904

161

95
100
84

100
84

162

81

81

26745
27427
20477
21843
22412

163

86
97
72
92

79
96
72
92

8853
40504
5456
24421

93
90
92
88

93

—

—

34110
>53192
12421
16958
>42470
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166
167

168B
169
170
171D

95

90
92
88

169

172

—

--

61

173

92

92

174

85

85

175

95
100
100
100
100
100
100
100
84
90
89
87
84
92
88
98
91
98
92
99
90
92
63

95

>43678
>53192
>46082
17402
>53192
13999
15481
21252
>53192
9829
12400
7694
18160
1517
19776
26275
17249
13907
10142
28776
23055
21268
11235
10783
15373
23690
22472
12230
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177D
178

179

180C
181C
182L
183F
184
185C
186D
187G
188

189
190
191

192
193

194
195

196
197
198

199

200
[0389]

98
95
90

100
100
95
100
100
100
100
84

90
89
87
84
92
88

98
91

95
92

84
88
76
—

64
95
89

The data above represent an average over time of each assay for each compound. For

certain compounds, multiple assays have been conducted over the life of the project. Thus, the
data reported in the tables include the data reported in the priority document, as well as data
from assays run in the intervening period. In the above table, percent inhibition values have
been normalized to 100% where the calculation of percent inhibition would have resulted in a
value greater than 100.
[0390]

In one embodiment, the compounds demonstrate >10% inhibition at 2 µΜ . In one

embodiment, the compounds demonstrate >30% inhibition at 2 µΜ . In one embodiment, the
compounds demonstrate >50% inhibition at 2 µΜ . In one embodiment, the compounds
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demonstrate >70% inhibition at 2 µΜ . In one embodiment, the compounds demonstrate >75%
inhibition at 2 µΜ . In one embodiment, the compounds demonstrate >80% inhibition at 2 µΜ .
In one embodiment, the compounds demonstrate >85% inhibition at 2 µΜ . In one embodiment,

the compounds demonstrate >90% inhibition at 2 µΜ . In one embodiment, the compounds
demonstrate >95% inhibition at 2 µΜ . It is to be understood that the compounds disclosed
herein can be grouped according to their % inhibition as described above.
[0391]

In one embodiment, the compounds demonstrate >10% inhibition at 0.2 µΜ . In one

embodiment, the compounds demonstrate >30% inhibition at 0.2 µΜ . In one embodiment, the
compounds demonstrate >50% inhibition at 0.2 µΜ . In one embodiment, the compounds
demonstrate >70% inhibition at 0.2 µΜ . In one embodiment, the compounds demonstrate >75%
inhibition at 0.2 µΜ . In one embodiment, the compounds demonstrate >80% inhibition at 0.2
µΜ . In one embodiment, the compounds demonstrate >85% inhibition at 0.2 µΜ . In one

embodiment, the compounds demonstrate >90% inhibition at 0.2 µΜ . In one embodiment, the
compounds demonstrate >95% inhibition at 0.2 µΜ . It is to be understood that the compounds
disclosed herein can be grouped according to their % inhibition as described above.
[0392]

In one variation, a compound is of any formulae provided herein, wherein the

compound exhibits from 85%- 100% inhibition of virus-induced cell killing at 2 µΜ . In one
variation, a compound is of any formulae provided herein, wherein the compound exhibits from
85%- 100% inhibition of virus-induced cell killing at 0.2 µΜ . In other embodiments, a

compound is of any formulae provided herein wherein the compound exhibits from 50-100, 60100, 70-100, 80-100, or 90-100% inhibition of virus-induced cell killing at 2 µΜ or at 0.2 µΜ .

[0393]

It is understood that % inhibition may be evaluated by techniques known in the art. In

a particular variation, a compound is of any formulae provided herein wherein the compound
exhibits from 85%- 110% inhibition of virus-induced cell killing at 2 µΜ or at 0.2 µΜ as
measured by the method provided in the Test A and Test B sections discussed above.
[0394]

Percent inhibition was also calculated for certain compounds as compared to

previously published compounds (WO 2013/006738) and is shown below. The percent
inhibition of virus-induced cell killing at 2 µΜ and 0.2 µΜ was measured by the method
provided in the Test A and Test B sections discussed above.
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[0395]

The specific pharmacological responses observed may vary according to and

depending on the particular active compound selected and whether there are present

pharmaceutical carriers and/or pharmaceutically active compounds, as well as the type of
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formulation and mode of administration employed, and such expected variations or differences
in the results are contemplated in accordance with practice of the present invention.
[0396]

The Examples provided herein describe the synthesis of compounds disclosed herein as

well as intermediates used to prepare the compounds. It is to be understood that individual steps
described herein may be combined. It is also to be understood that separate batches of a
compound may be combined and then carried forth in the next synthetic step.
Example

1.

5F

1B

1A

Synthesis of (S)-5-bromo-6-( l-(2-(3-(difluoromethyl)-4,4,7J-tetrafluoro-4,5,6,7-tetrahydro-lHindazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)picolinamide
[0397]

(1A):

Compound 5F (100 mg, 0.15 mmol) and CuCN (16 mg, 0.18 mmol) was dissolved in

0.3 mL of DMF. The reaction mixture was heated at 100 °C overnight. After cooled down to

room temperature it was diluted with water and extracted with EtOAc. The organic phase was
dried (Na2S0 4), filtered and concentrated. The crude material was purified on reverse phase
HPLC eluting with acetonitrile and water (with 0.1% TFA) to afford (S)-N-(l-(3-bromo-6cyanopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro4,5,6,7-tetrahydro-lH-indazol-l-yl)acetamide

and the title product (1A). MS (m/z) 640.05

[M+H] + .

Synthesis of (S)-6-( l-(2-(3-( 'difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahvdro-lH-indazoll-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-5-(lH-pyrrolor2,3-blpyridin-5-yl)picolinamide

[0398]

The title compound (IB) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2yl)-lH-pyrrolo[2,3-b]pyridine and 1A. 1H NMR (400 MHz, CD3OD) δ 9.00 (d, J

=

8.5 Hz, 1H),

8 . 12 (d, J = 7.9 Hz, 1H), 8.01 (s, 1H), 7.92 - 7.77 (m, 2H), 7.56 (d, J = 3.5 Hz, 1H), 6.97 - 6.53
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(m, 3H), 6.26 (d, J = 6.1 Hz, 2H), 5.53 (m, IH), 5.11 (s, 2H), 3.07 (m, 2H), 2.63 - 2.25 (m,

4H).MS (m/z) 678.08 [M+H] + .
Example 2 .

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-vn-l-yl)-3-(4-oxo-3^-dihvdroquinazolin-8-yl)pyridin-2-yl)ethyl)acetamide
[0399]

(2):

The title compound (2) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing (4-oxo-3,4-dihydroquinazolin-8-yl)boronic
acid and 14D. 1H NMR (400 MHz, CD3OD) δ 8.27 (m, IH), 7.82 (m, IH), 7.75 (m, IH), 7.50 (s,
IH), 7.44 (m, 2H), 6.86 (m, IH), 6.61 (m, 2H), 6.32 (m, IH), 6.15 (m, 2H), 5.21 (m, IH), 4.76
(s, 2H), 3.11 (m, 2H), 2.92 (m, 2H), 2.48 (m, 4H), 1.62 (d, J = 6.6 Hz, 6H), 1.33 (m, IH), 1.12

(m, 1H).MS (m/z) 725.14 [M+H] + .

Example 3 .

Synthesis of 3'-oxospirorcvclopropane-l J'-isoindolinl-5'-yl trifluoromethanesulfonate (3B):
[0400]

The mixture of compound 3A ( 1 g, 5.7 mmol, prepared according to the method

presented in Tetrahedron Letters 50 (2009) 1267-1269), DCM (20 mL), and Et N (0.9 mL, 6.8
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mmol) was cooled to 0 °C using an ice/water bath. Trifluoromethanesulfonyl chloride (0.91 mL,
8.5 mmol) was added dropwise via syringe. The mixture was then stirred for 1 h in ambient

temperature. More Trifluoromethanesulfonyl chloride (0.8 mL) was added and the mixture was
stirred at ambient temperature for another hour. Then diluted with DCM (150 mL) and washed
with 1.0 N HCI (50 mL), saturated aqueous sodium bicarbonate ( 1 X 50 mL), and saturated
aqueous sodium chloride ( 1 X 50 mL). The organic layer was dried over MgS0 4 , filtered
through

and concentrated in vacuo to give the title product (3B). MS (m/z) 308.29

[M+H] + .

Synthesis of 5'-(4,4,5,5-te1ramethyl-l,3,2-dioxaborolan-2-yl)spirorcyclopropane-l

, -isoindolinl-

3'-one (3C):
[0401]

In a microwave tube were charged 3B (200 mg, 0.65 mmol), bis(pinacolato)diboron

(330 mg, 1.3 mmol) and potassium acetate (191 mg, 1.95 mmol), [ Ι , -

Bis(diphenylphosphino)ferrocene]dichloropalladium(II)(

14 mg, 0.02 mmol) and 1,4-dioxane (8

mL) The mixture was heated up to 150 °C for 20 min in a Microwave Synthesizer. Upon

completion the solution was diluted in EtOAc and the organic layer was washed with water and
a saturated NaCl solution, dried over MgS0 4 and concentrated in vacuum to give the title
compound as a dark brown solid. A half amount of the product was purified by silica gel
chromatography eluting with EtOAc/hexanes to afford the title product. MS

(m/z)

286.23

[M+H] + .

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentarL2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(3'-oxospirorcyclopropane-lJ'-isoindolinl-5'-yl)pyridin-2vPethvPacetamide (3D):
[0402]

In a microwave tube were charged with 14D (33 mg, 0.05 mmol), 3C (21 mg, 0.075

mmol), LiCl (6 mg, 0.15 mmol), K2C0 3 (21 mg, 0.15 mmol), Pd(PPh 3)2Cl2 (3 mg) and
Pd(dppf)Cl 2 (3 mg). To the mixture was added 1 mL of DME and 0.2 mL of H20 . The mixture
was heated up to 165 °C for 12 min in a Microwave Synthesizer. After cooled down and filtered
through a syringe filter, purified on reverse phase HPLC eluting with acetonitrile and water (
with 0.1% TFA) to afford the title product. 1H NMR (400 MHz, CD3OD) δ 8.77 (d, J

=

8.4 Hz,

1H), 7.55 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.32 - 7.16 (m,

2H), 6.64 (t, J

=

9.2 Hz, 1H), 6.24 (d, J

=

6.5 Hz, 2H), 5.39 (t, J

=

7.3 Hz, 1H), 4.86 (s, 2H), 3.08

- 2.92 (m, 2H), 2.58 - 2.31 (m, 2H), 1.62 (s, 6H), 1.60-1.33 (m, 5H), 1.12 (m, 1H).
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MS (

z) 738.15 [M+H] + .

Example 4 .

Synthesis of (S)-N-((3,5-dibromopyridin-2-yl)methylene)-2-methylpropane-2-sulfinamide

[0403]

To 3,5-dibromopicolinaldehyde

2-methylpropane-2-sulfinamide

(4B):

(1.9 gO, 7.17 mmol) in DCM (30 mL) was added (S)-

(870 mg, 7.17 mmol) and C11SO4 (2.29 g, 14.3 mmol). The

reaction mixture was stirred for 15 h . Solids were filtered over celite. The solvents were
removed in vacuo and the residue purified by column chromatography on silica to provide 2.6 g
of the title compound. MS (

z) 368.9 [M+H] + .

Synthesis of (S)-N-((S)-l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2methylpropane-2-sulfinamide

(4C) :
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[0404]

(S)-N-((3,5-dibromopyridin-2-yl)methylene)-2-methylpropane-2-sulfinamide

(2.6 g,

7.1 mmol) was dissolved in THF (24 mL) and cooled to -78 °C. (3,5-difluorobenzyl)magnesium

bromide (34 mL, 0.25 M in Et20 ) was added dropwise. The reaction was stirred at -78 °C for 3
hr then let warm to 0 °C and quenched. The reaction was partitioned between EtOAc and aq.
NH4C1. The organics were separated, dried, and removed in vacuo. The residue purified by
column chromatography on silica to provide the title compound. MS (m/z) 496.6 [M+H] +.
Synthesis of (S)-l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethanamine
[0405]

(4D):

To (S)-N-((S)-l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-

methylpropane-2-sulfinamide (650 mg) dissolved in DCM (3 mL) was added 4N HC1 in
dioxanes (4 mL). The reaction was stirred for 2 hr at ambient temperature. Solvents were
removed in vacuo and the crude desired product was used without further purification. MS (m/z)
393.0 [M+H] +.

Synthesis of (S)-tert-butyl l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate
4E :

[0406]

(S)-l-(3,5-Dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethanamine

(780 mg, 1.84

mmol) was combined with di-tert-butyl dicarbonate (400 mg, 1.84 mmol) and TEA (515

, 3.7

mmol) in DCM (9 mL). The reaction was stirred for 2 hr at ambient temperature. The reaction
was partitioned between EtOAc and H20 . The organics were separated, dried, and removed in
vacuo. The residue purified by column chromatography on silica to provide the title compound.
MS

(m/z)

492.9 [M+H] +.

Synthesis of (S)-tert-butyl l-(3-bromo-5-(3-hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5difluorophenvDethylcarbamate (4F) :
[0407]

To (S)-tert-butyl l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate

(140 mg, 0.29 mmol) in THF (18 mL) was added 2-methylbut-3-yn-2-ol (42

, 0.43 mmol),

TEA (0.9 mL), Pd(PPh 3)2Cl2 (30 mg) and Cul (16 mg). The reaction was stirred for 2 hr at
ambient temperature and then partitioned between EtOAc and H20 . The organics were
separated, dried, and removed in vacuo. The residue purified by column chromatography on
silica to provide the title compound as a mixture with 4E which was used in the next step. MS
(m/z)

496.7 [M+H] +.

Synthesis of (S)-N-(l-(3-bromo-5-(3-hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-lvPacetamide (4G):
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[0408]

A mixture of (S)-tert-butyl l-(3-bromo-5-(3-hydroxy-3-methylbut-l-ynyl)pyridin-2-

yl)-2-(3,5-difluorophenyl)ethylcarbamate and (S)-tert-butyl l-(3,5-dibromopyridin-2-yl)-2-(3,5difluorophenyl)ethylcarbamate (105 mg) obtained from the previous step was dissolved in DCM
(3 mL) and treated with 4N HC1 in dioxanes (4 mL). The reaction was stirred for 2 hr then

solvents removed in vacuo. The residue purified by column chromatography on silica to provide
18 mg of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-bromopyridin-3-yl)-2-methylbut-3-

yn-2-ol (MS

(m/z)

395.0 [M+H] +) . To (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-

bromopyridin-3-yl)-2-methylbut-3-yn-2-ol (18 mg, 0.046 mmol) in DMF ( 1 mL) was added 2(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic
0.05 mmol), iPr 2NEt (17

acid (15 mg,

, 0.1 mmol) and HATU (26 mg, 0.07 mmol). The reaction was

stirred 30 min and then partitioned between EtOAc and H20 . The organics were separated,
dried, and removed in vacuo. The crude product was used directly in the next reaction. MS (m/z)

679.2[M+H] +.
Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(5-(3-hvdroxy-3-methylbut-l-vnyl)-3-(3-oxoisoindolin-5yl)pyridin-2-yl)ethyl)acetamide (4H):
[0409]

To (S)-N-(l-(3-bromo-5-(3-hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5-

difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-lyl)acetamide (16 mg, 0.02 mmol) in DME (0.7 mL) was added 6-(4,4,5,5-tetramethyl- 1,3,2dioxaborolan-2-yl)isoindolin-l-one (7 mg, 0.03 mmol), Pd(PPh 3)2Cl2 (2 mg), LiCl ( 1 mg), and
aq 2M K2C0 3 (30

) . The reaction was heated in a microwave reactor to 150 °C for 20 min.

The reaction was purified by RP HPLC to provide the desired product. 1H NMR (400 MHz,
Methanol-^) δ 8.69 (d, 1H), 7.62 - 7.49 (m, 2H), 7.43 (s, 1H), 7.28 (s, 1H), 6.98 - 6.58 (m, 4H),
6.26 (d, 2H), 5.34 (d, 2H), 5.18 (s, 1H), 5.05 (s, 2H), 4.48 (s, 2H), 3.02 (t, J
(s, 7H), 1.56 (s, 5H). MS (m/z) 732.1[M+H] + .

Example 5 .

=

7.5 Hz, 3H), 2.49
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Synthesis of 3,6-dibromo-2-(dibromomethyl)pyridine (5A):
[0410]

To a solution of 3,6-dibromo-2-methylpyridine (5.2 g, 2 1 mmol) in CC14 (50 mL) was

added N-bromosuccinimide (7.57 g, 42 mmol) and 2,2'-azobis(2-methylpropionitrile) (0.70 g,
4.3 mmol). The mixture was heated at 80 °C overnight and cooled to room temperature. The

solid was removed by filtration and the filtrate was concentrated under reduced pressure. The

product (5A) was obtained after flash chromatography eluding with 0-10 percent EtOAc in
hexane (7.36 g). MS (m/z): 409.66 [M+H] +
Synthesis of 3,6-dibromopicolinaldehvde (5B):
[0411]

A solution of silver nitrate (7.6 g, 45 mmol) in water (24 mL) was added dropwise to a

solution of 5A (7.36 g, 18 mmol) in refluxing EtOH (90 mL). The mixture was stirred at 80 °C

for 5 hours. After the mixture was cooled to room temperature, it was diluted with water (100
mL), extracted with EtOAc (3 times), dried over Na2S0 4 , filtered and concentrated under
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reduced pressure. The crude product (5B, 4.6 G) was directly used for next step. MS (m/z):
265.96. [M+H] +
Synthesis of (S,Z)-N-((3,6-dibromopyridin-2-yl)methylene)-2-methylpropane-2-sulfinamide
5C :

[0412]

The title compound (5C) was prepared according to the method presented for the

synthesis of compound 4B of Example 4 utilizing 5B. MS (m z) 368.86 [M+H] +
Synthesis of (S)-N-((' S)-l-( ' 3,6-dibromopyridin-2-yl)-2-( ' 3,5-difluorophenyl)ethyl)-2methylpropane-2-sulfinamide (5D) :

[0413]

The title compound (5D) was prepared according to the method presented for the

synthesis of compound 4C of Example 4 utilizing 5C. MS (m z) 496.99 [M+H] +
Synthesis of (S)-l-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethanamine
hydrochloride (5E):

[0414]

The title compound (5E) was prepared according to the method presented for the

synthesis of compound 4D of Example 4 utilizing 5D. MS (m/z) 393.29 [M+H] +
Synthesis of (S)-N-(l-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6J-tetrahydro-lH-indazol-l-yl)acetamide

[0415]

(5F):

The title compound (5F) was prepared according to the method presented for the

synthesis of compound 10A of Example 10 utilizing 5E. MS (m/z) 676.96 [M+H] + .
Synthesis of (S)-5,5'-(6-( l-(2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lHindazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)pyridine-2,5-diyl)bis(2-fluorobenzamide)

[0416]

In a microwave tube was charged with 5F (100 mg, 0.15 mmol), (3-carbamoyl-4-

fluorophenyl)boronic acid ( 8 1 mg, 0.45 mmol), LiCl ( 19 mg, 0.45 mmol), Na2C0 3 ( 50 mg, 0.6
mmol) and 5 mg of Pd(PPh 3)2Cl2. To the mixture was added 1.4 mL of 1,4-dioxane / methanol /
H 20 (5/1/1). The mixture was heated up to 170 °C for 15 min in a Microwave Synthesizer. After
cooled down and filtered through a syringe filter, purified on reverse phase HPLC eluting with
acetonitrile and water ( with 0.1% TFA) to afford the title compound. 1H NMR (400 MHz,
CD 3OD) δ 8.90 (d, J = 8.6 Hz, 1H), 8.74 (dd, J = 7.2, 2.4 Hz, 1H), 8.51 - 8.30 (m, 1H), 7.91 (d,
J = 8.1 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 7.41 (m, 2H), 7.23 (dd, J = 10.7, 8.5 Hz, 1H), 7.02 -

6.49 (m, 2H), 6.35 (d, J = 6.2 Hz, 2H), 5.45 (m, 1H), 5.16 - 5.02 (m, 2H), 3.23 - 2.97 (m, 2H),
2.49 (m, 4H).MS (m/z) 793.19 [M+H] + .
Example 6 .
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Synthesis of (S)-N-(l-(3,6-bis(3-oxoisoindolin-5-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)2-(3-(difluoromethyl)-4A7 J-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetamide
[0417]

(6):

The title compound (6) was prepared according to the method presented for the

synthesis of compound 5G of Example 5 utilizing 6-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-

yl)isoindolin-l-one and 5F. 1H NMR (400 MHz, CD3OD) δ 8.84 (d, J = 8.1 Hz, 1H), 8.72 (s,
1H), 8.49 (d, J = 1.9 Hz, 1H), 7.98 (d, J = 8.1 Hz, 2H), 7.72 (dd, J = 23.8, 8.0 Hz, 2H), 7.60 (d, J

= 7.9 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.39 (s, 1H), 6.97 - 6.57 (m, 2H), 6.33 (m, 2H), 5.49 (m,
2H), 5.10 (s, 2H), 4.57 (s, 2H), 4.49 (s, 2H), 3.24 - 2.95 (m, 2H), 2.47 (m, 4H).MS (

z)

781.02[M+H] +.
Example 7 .

7

Synthesis of (S)-N-(l-(3,6-bis(lH-pyrrolor2,3-blpyridin-5-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-lvPacetamide (7):
[0418]

The title compound (7) was prepared according to the method presented for the

synthesis of compound 5G of Example 5 utilizing 6 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-

2-yl)-lH-pyrrolo[2,3-b]pyridine and 5F. 1H NMR (400 MHz, CD3OD) δ 9.23-9.17 (m, 2H), 9.04
(d, J = 8.1 Hz, 1H), 8.03 (m, 3H), 7.75 (d, J = 8.1 Hz, 1H), 7.61 (dd, J = 7.3, 3.5 Hz, 2H), 6.93 -
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6.52 (m, 4H), 6.34 (d, J = 6.2 Hz, 2H), 5.45 (m, 1H), 5.10 (m, 2H), 3.27 - 3.06 (m, 2H), 2.48 (m,
4H).MS ( / z ) 751.22 [M+H] + .
Example 8 .

Synthesis of (S)-N-(l-(5-bromo-2'-methoxy-r2,4'-bipyridinl-6-yl)-2-(3,5-difluorophenyl)ethyl)2-(3-(difluoromethyl)-4A7 J-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetamide

(8A) and

S -N- l -(' 2 ,,5 ,-di('methoxy-r2,4 ,-bipyridinl-6-yl))-2-( ' 3,5-difluorophenyl)ethyl)-2-( ' 3(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6J-tetrahydro-lH-indazol-l-yl)acetamide
[0419]

(8B):

The title compounds (8A and 8B) were prepared according to the method presented for

the synthesis of compound 5G of Example 5 utilizing 2-methoxy-4-(4,4,5,5-tetramethyl- 1,3,2dioxaborolan-2-yl)pyridine(2 equiv.) and 5F.
Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(2'-methoxy-5-(3-oxoisoindolin-5-yl)-r2,4'-bipyridinl-6vPethvPacetamide (8C):
[0420]

The title compound (8C) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing 8A. 1H NMR (400 MHz, CD3OD) δ 8.85 (d, J
= 8.1 Hz, 1H), 8.33 (d, J = 5.7 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 5.7 Hz, 1H), 7.82
(s, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.61 (d, J = 6.3 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.38 (s, 1H),

6.91 - 6.44 (m, 2H), 6.29 (d, J = 6.3 Hz, 2H), 5.51 (dd, J = 14.8, 8.2 Hz, 1H), 5.18 - 4.98 (m,

2H), 4.50 (s, 2H), 4.09 (s, 3H), 3.12 (m, 2H), 2.49 (m, 4H).MS (m/z) 757.25 [M+H] + .

Example 9 .
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Synthesis of (S)-N-(l-(3-bromo-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4^J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-lvPacetamide (9A):

[0421]

The title compound (9A) was prepared according to the method presented for the

synthesis of compound 4F of Example 4 utilizing 2-methylbut-3-yn-2-ol and 5F. MS (m/z)
681.17 [M+H] + .
Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3-(3-oxoisoindolin-5yl)pyridin-2- yl)ethyl)acetamide (9B) :

[0422]

The title compound (9B) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing 9A. 1H NMR (400 MHz, CD 3OD) δ 7.63 7.53 (m, 2H), 7.50 - 7.40 (m, 2H), 7.30 (s, 1H), 6.95 - 6.56 (m, 2H), 6.28 (d, J = 6.3 Hz, 2H),
5.39 (t, J = 7.4 Hz, 1H), 5.05 (s, 2H), 4.48 (s, 2H), 3.13 - 2.91 (m, 2H), 2.66 - 2.35 (m, 4H),
1.61 (s, 6H).MS (m/z) 732.23 [M+H] + .

Example 10.
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Synthesis of (S)-N-(l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(dinuoromethyl)-4,4J,7-tetrafluoro-4,5,6J-tetrahydro-lH-indazol-l-yl)acetamide
[0423]

(10A):

To (S)-l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethanamine

(380 mg, 0.97

mmol) dissolved in DMF (10 mL) was added iPr2NEt (350 µΐ , 2 mmol) and 2-(3(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid (293 mg,

0.97 mmol). HATU (442 mg, 1.16 mmol) was added and the reaction stirred for 30 min. The

reaction was partitioned between EtOAc and H20 . The organics were separated, dried, and
removed in vacuo. The residue purified by column chromatography on silica to provide the title
compound. MS (

z) 677.1 [M+H] + .

Synthesis of (S)-N-(l-(3,5-bis(3-oxoisoindolin-5-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)2-(3-(difruoromethyl)-4A7 J-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetamide
[0424]

(10B):

To (S)-N-(l-(3,5-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-

(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetamide

(50 mg, 0.074

mmol) in DME (0.8 mL) and DMF (0.2 mL) was added 6-(4,4,5,5-tetramethyl- 1,3,2dioxaborolan-2-yl)isoindolin-l-one (48 mg, 0.19 mmol), Pd(PPh 3)2Cl2 (5 mg), LiCl (2 mg), and
aq 2M K2C0 3 (110

) . The reaction was heated in a microwave reactor to 150 °C for 20 min.

The reaction was purified by RP HPLC to provide the desired product. 1H NMR (400 MHz,
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Methanol- d 4 ) δ 9.02 (d, IH), 8.11 (d, IH), 7.97 (dd, 1.7 Hz, IH), 7.89 (d, IH), 7.72 (d, IH), 7.67
- 7.48 (m, 3H), 7.42 (d, IH), 6.70 - 6.61 (m, 2H), 6.37 - 6.30 (m, 2H), 5.44 (t, IH), 5.07 (s, 2H),
4.51 (d, 4H), 3.18 - 3.01 (m, 3H), 2.50 (dd, 4H). MS (

z) 798.1[M+H] + .

Example 11.

Synthesis of (S)-N-(l-(3,5-di(lH-pyrrolor2,3-blpyridin-5-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-lvPacetamide (11):

[0425]

The title compound was prepared according to the method presented for the synthesis

of 10B of Example 10 utilizing 10A and 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lHpyrrolo[2,3-b]pyridine.

H NMR (400 MHz, Methanol- d 4 ) δ 9.10 (s, IH), 8.62 (s, IH), 8.56 (s,
1

IH), 8.14 (s, IH), 8.05 - 7.94 (m, 2H), 7.58 (dd, 2H), 6.99 - 6.61 (m, 4H), 6.36 (d, 2H), 5.47 5.27 (m, 2H), 5.15 - 5.00 (m, 2H), 3.24 - 3.01 (m, 3H), 2.66 - 2.32 (m, 5H). MS (

z)

751.1[M+H] + .
Example 12.

Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)-

N-(2-(3,5-difluorophenyl)-l-(2'-oxo-5-(3-oxoisoindolin-5-yl)-r,2'-dihydro-r2,4'-bipyridinl-6vPeth vPacetamide (12):
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[0426]

In a microwave tube were charged with (S)-2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-

4,5,6,7-tetrahydro-lH-indazol-l-yl)-N-(2-(3,5-difluorophenyl)-l-(2'-methoxy-5-(3oxoisoindolin-5-yl)-[2,4'-bipyridin]-6-yl)ethyl)acetamide (8C, 5 mg), HCl in 1,4-dioxane (4N,
0.3 mL) and ethanol (0.3 mL). The mixture was heated up to 100 °C for 20 min in a Microwave

Synthesizer. After cooled down, After cooled down, the solvent was removed and the residue
was purified on reverse phase HPLC eluting with acetonitrile and water ( with 0.1% TFA) to
afford the title product. 1H NMR (400 MHz, CD3OD) δ 8.88 (m, 1H), 7.96 (d, J = 8.0 Hz, 1H),
7.73 (d, J = 8.0 Hz, 1H), 7.60 (m, 2H), 7.53 (m, 1H), 7.43 (s, 1H), 7.37 (s, 1H), 7.27 (d, J = 6.8

Hz, 1H), 6.96 - 6.53 (m, 2H), 6.30 (d, J = 6.2 Hz, 2H), 5.49 (m, 1H), 5.09 (s, 2H), 4.49 (s, 2H),

3.12 (m, 2H), 2.48 (m, 4H). MS (

z) 742.99 [M+H] +.

Example 13.

Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(22

,,

-dioxo

,

2,2 ,,-tetrahvdro-r4,2 ,:5 ,,4 ,, -terpyridinl-6'-

vPethvPacetamide (13):
[0427]

The title compound (13) was prepared according to the method presented for the

synthesis of compound 12 of Example 12 utilizing 8B. 1H NMR (400 MHz, CD3OD) δ 8.95 (d, J
= 7.8 Hz, 1H), 7.95 (d , J = 8.1 Hz, 1H), 7.71 (d , J = 8.1 Hz, 1H), 7.60 (d , J = 6.8 Hz, 1H), 7.43
(d, J = 7.2 Hz, 1H), 7.25 (d, J = 6.9 Hz, 1H), 6.98 - 6.61 (m, 2H), 6.45 (d, J = 6.3 Hz, 2H), 6.33
(d, J = 6.6 Hz, 1H), 6.19 (s, 1H), 5.51 (m, 1H), 5.08 (m, 2H), 3.15 (m, 2H), 2.49 (m, 4H).MS

(m/z) 705.00 [M+H] +.

Example 14.
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Synthesis of (S)-tert-butyl l-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate
(14A):
[0428]

The title compound was prepared according to the method presented for the synthesis

of compound 4E of Example 4 utilizing 5E.
Synthesis of (S)-tert-butyl (l-(3-bromo-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-

(3,5-difluorophenyl)ethyl)carbamate (14B):
[0429]

The title compound (14B) was prepared according to the method presented for the

synthesis of compound 4F of Example 4 utilizing 2-methylbut-3-yn-2-ol and (S)-tert-butyl (1-

(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate. MS (m/z) 496.90 [M+H] +.
Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-bromopyridin-2-yl)-2-methylbut3-yn-2-ol compound with 2-methylbut-3-yn-2-ol (1:1) hydrochloride (14C):
[0430]

The title compound (14C) was prepared according to the method presented for the

synthesis of compound 4G of Example 4 utilizing 14B. MS (m/z) 397.09 [M+H] +.

Synthesis of N-((S)-l-(3-bromo-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-

difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)acetamide (14D):
[0431]

The title compound (14D) was prepared according to the method presented for the

synthesis of compound 4G of Example 4 utilizing 2-((3bS,4aR)-5,5-difluoro-3-

(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
acid and 14C. MS (m z) 659.23 [M+H] +.
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(l-oxoisoindolin-4-yl)pyridin-2-yl)ethyl)acetamide
[0432]

(14E):

The title compound (14E) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2yl)-lH-pyrrolo[2,3-b]pyridine

and 14D. 1H NMR (400 MHz, CD3OD) δ 8.92 (d, J = 8.7 Hz,

1H), 8.00 (s, 2H), 7.85 (s, 1H), 7.59 (m, 2H), 7.48 (d, J = 7.9 Hz, 1H), 6.77 - 6.56 (m, 2H), 6.28
(d, J = 6.3 Hz, 2H), 5.33 (m, 1H), 4.87 (s, 2H), 3.17 - 2.99 (m, 4H), 2.48 (m, 4H), 1.6 (s, 6H),

1.40 (m, 1H), 1.10 (m, 1H).MS (m/z) 697.28 [M+H] + .

Example 15.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(l-oxoisoindolin-4-yl)pyridin-2-yl)ethyl)acetamide
[0433]

(15):

The title compound (15) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing 14D and 2,3-dihydro-lH-isoindol-l-one-4boronic acid pinacol ester. 1H NMR (400 MHz, CD3OD) δ 7.82 (m, 1H), 7.53 (m, 4H), 6.78 (m,
1H), 6.30 (m, 2H), 5.35 (m, 1H), 4.83 (m, 2H), 4.17 (m, 2H), 3.16 - 3.04 (m, 1H), 2.98 (m, 1H),

2.48 (m, 2H), 1.53 (s, 6H),1.43 (m, 1H), 1.08 (m, 1H).MS (m/z) 712.18 [M+H] + .
Example 16.
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Synthesis of (S)-N-(l-(3-bromo-6-((trimethylsiM

difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J ,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-lvDacetamide (16A):
[0434]

The title compound (16A) was prepared according to the method presented for the

synthesis of compound 4F of Example 4 utilizing ethynyltrimethylsilane and 5F. MS (m/z)
694.59 [M+H] +.

Synthesis of (S)-N-(l-(3-(lH-pyrrolor23-blpyridin-5-yl)-6-((trimethylsilyl)ethvnyl)pyridin-2-

yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4^JJ-tetrafluoro-4,5,6J-tetrahydro-lHindazol-l-yl)acetamide (16B):
[0435]

The title compound (16B) was prepared according to the method presented for the

synthesis of compound 4H of Example 4 utilizing 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-

yl)-lH-pyrrolo[2,3-b]pyridine and 16A. MS (m/z) 731.22 [M+H] +.
Synthesis of (S)-N-(l-(3-(lH-pyrrolor23-blpyridin-5-yl)-6-(lH-123-triazol-4-yl)pyridin-2-yl)-

2-(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lHindazol-l-yl)acetamide (16C):
[0436]

Compound 16B (75 mg, 0 . 1 mmol), NaN3 (13mg, 0.2 mmol) and NH4C 1 (5mg, 0 . 1

mmol) were dissolved in DMF (0.5 mL) and stirred at 100 °C for overnight. The reaction

mixture was cooled down to room temperature and diluted with water and extracted with EtOAc.
The organic phase was dried (Na2S0 4), filtered and concentrated. The crude material was
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purified on reverse phase HPLC eluting with acetonitrile and water (with 0.1% TFA) to afford
the title product. 1H NMR (400 MHz, CD3OD) δ 9.01 (d, J = 7.7 Hz, 1H), 8.54 (s, 1H), 7.99 (m,
3H), 7.73 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 3.5 Hz, 1H), 6.97 - 6.55 (m, 3H), 6.31 (d, J = 6.3 Hz,

2H), 5.45 (m, 1H), 5.11 (s, 2H), 3.13 (m, 2H), 2.49 (m, 4H).MS (

z) 702.02 [M+H] + .

Example 17.

17

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(3-(2,4-dioxol,2,3,4-tetrahydroquinazolin-8-yl)-6-(3-hydroxy-3-methylbut-l-ynyl)pyridin-2yl)ethyl)acetamide (17):
[0437]

The title compound was prepared according to the method presented for the synthesis

of compound 4F of Example 4 utilizing 8-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2yl)quinazoline-2,4(lH,3H)-dione and 14D. 1H NMR (400 MHz, DMSO) δ 11.36 (d,lH), 10.12
(d, 1H), 8.87 (m, 1H), 7.98 (d, 1H), 7.75 - 6.70 (m, 7H), 6.47-6.57 (m, 2H), 4.74-4.50 (m, 2H),

3.01-2.90 (m, 2H), 2.48-2.60 (m, 2H), 1.49 (s, 6H), 1.45 - 1.24 (m, 1H), 0.96 (m, 1H). MS (
741.1 [M+H] + .

Example 18.

18

z)
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Synthesis of 5-(2-((S)-l-(2-((3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahydrolH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-2-fluorobenzamide

[0438]

(18):

The title compound was prepared according to the method presented for the synthesis

of compound 4F of Example 4 utilizing (3-carbamoyl-4-fluorophenyl)boronic

acid and 14D. 1H

NMR (400 MHz, DMSO) δ 9.08 (d, IH), 7.79 - 7.14 (m, 8H), 6.92 (m, IH), 6.62 (d, 2H), 5.12
(m, IH), 4.77-4.83 (m, 2H), 3.01 (m, 2H), 2.55 (m, IH), 1.51 (s, 6H), 1.38 (m, IH), 0.98 (m,

IH). MS

(m/z)

Example 19.

718.2 [M+H] + .
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Synthesis of 7-bromo-4-chloro-l-methyl-lH-indazol-3-amine
[0439]

To 3-bromo-6-chloro-2-fluorobenzonitrile

(19B):

(10 g, 42.7 mmol) in EtOH (100 mL) was

added methylhydrazine (9 ml, 171 mmol). The reaction mixture was stirred for 4 hours at 110
°C. The reaction was allowed to slowly cool over 4 hours, then the solids were filtered off and

used with no further purification to provide 7 g of the title compound (including minor amounts
of the other regioisomer). MS

(m/z)

262.0 [M+H] + .

Synthesis of 4-chloro-l-methyl-7-(4,4,5,5-te1ramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3amine (19C):
[0440]

To 7-bromo-4-chloro-l-methyl-lH-indazol-3-amine

(3 g, 11.5 mmol) in dioxane (40

mL) and DMF (25 ml) was added bis (pinacolato) diborane (8.8 g, 34.6 mmol), potassium
acetate (3.4 g, 34.6 mmol), and ira

,-dichlorobis(triphenylphosphine)palladium

(II) (486.35 mg,

0.69 mmol). The reaction mixture was stirred for 3 hours at 130 °C. The reaction was cooled,
diluted with EtOAc, and then the solids were filtered off over Celite and silica gel eluting with
EtOAc. The mixture was concentrated and purified by flash column chromatography to provide
1.8 g of the title compound. MS (m z) 308.3 [M+H] + .

Synthesis of N-(4-chloro-l-methyl-7-(4,4,5,5-tetramethyl-L3,2-dioxaborolan-2-yl)-lH-indazol3-yl)methanesulfonamide (19D):
[0441]

To 7-bromo-4-chloro-l-methyl-lH-indazol-3-amine

(2.6 g, 8.5 mmol) in DCM (30

mL) was added N,N-Diisopropylethylamine (5.9 ml, 33.8 mmol) then the reaction was cooled in
an ice bath and methansulfonyl chloride (2 ml, 25.4 mmol) was added. The reaction mixture was
stirred for 20 minutes at 0 °C. The reaction was diluted with water and extracted 2X with DCM.
The organic layer was dried over sodium sulfate and concentrated. The resulting mixture was
taken up in EtOH (30 ml) and 8 ml of 10N NaOH was added. The reaction was followed by
LC/MS and once done (10 minutes) the reaction was diluted with water and quenched with
concentrated HC1 to pH 2 . The mixture was extracted 3X with DCM. The organic layer was
dried over sodium sulfate and concentrated until solid starts to fall out. The mixture is then
cooled in a brine/ice bath for 20 minutes and filtered to recover desired as two lots and used with
no further purification to provide 2.1 g of the title compound. MS

(m/z)

386.4 [M+H] + .

Synthesis of (S)-tert-butyl l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6(3-hvdroxy-3-methylbut-l-vnyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate
[0442]

(19E):

To N-(4-chloro-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-

3-yl)methanesulfonamide (39 mg, 0.1 mmol) in dioxane (5 mL) and DMF (0.3 ml) was added
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14B (50 mg, 0.1 mmol), IN sodium bicarbonate (0.9 ml, 0.9 mmol), and

dichlorobis(tricyclohexylphosphine)palladium

(II) (1.9 mg, 0.003 mmol). The reaction mixture

was stirred for 4 hours at 140 °C. The reaction was cooled, diluted with EtOAc and brine. The
mixture was extracted 2X with EtOAc, the organic layer was dried over sodium sulfate, was
concentrated and purified by flash column chromatography to provide 30 mg of the title
compound. MS (m z) 674.7 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-lvnyl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide
[0443]

TFA salt (19F):

To (S)-tert-butyl l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-

(3-hydroxy-3-methylbut- l-ynyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate

(30 mg,

0.04 mmol) in DCM (4 mL) was added TFA (2 ml) . The reaction mixture was stirred for 0.5
hours at RT. The reaction was concentrated and used with no further purification to provide the
title compound. MS (m/z) 574.4 [M+H] + .
Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(difluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazoll-yl)acetamide (19G):
[0444]

The title compound (19G) was prepared according to the method presented for the

synthesis of compound 4G of Example 4 utilizing 2-((3bS,4aR)-5,5-difluoro-3-(difluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid and (S)-N-(7-

(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynyl)pyridin-3-yl)-4chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide
1H

to provide 20 mg of the title compound.

NMR (400 MHz, Methanol-^) δ 8.69 (t, 1H), 7.69 (dd, 1H), 7.53 (dd, 1H), 7.17 (s, 1H), 7.06

(d, 1H), 6.88 - 6.52 (m, 2H), 6.44 - 6.33 (m, 2H), 5.28 (d, 1H), 5.02 - 4.92 (m, 1H), 4.78 - 4.64

(m, 2H), 3.33 (s, 3H), 3.24 (d, 3H), 3.19 - 3.08 (m, 2H), 3.05 - 2.92 (m, 2H), 2.44 (ddd, 2H),
1.64 (d, 6H), 1.38 (dt, 1H), 1.02 (s, 1H).

[0445]

MS (m/z) 820.8 [M+H] + .

Example 20.
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Synthesis of (S)-N-(l-(3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-ynyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(difluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvDacetamide (20):
[0446]

The title compound was prepared according to the method presented for the synthesis

of compound 19G of utilizing N-(l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lHindazol-3-yl)methanesulfonamide and compound 14B .1H NMR (400 MHz, Methanol-^) δ 8.69
(t, 1H), 7.88-7.80 (dd, 1H), 7.69 (dd, 1H), 7.53 (dd, 1H), 7.20 (s, 1H), 7.09 (d, 1H), 6.88 - 6.52

(m, 2H), 6.38 - 6.27 (m, 2H), 5.35 (m, 1H), 5.02 - 4.95 (m, 1H), 4.80 - 4.65 (m, 2H), 3.33 (s,

3H), 3.19 - 3.08 (m, 4H), 3.05 - 2.92 (m, 2H), 2.44 (m, 2H), 1.64 (d, 6H), 1.38 (m, 1H), 1.02
(m, 1H).

[0447]

MS (m/z) 786.1 [M+H] + .

Example 21.
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Synthesis of 5-bromo-N-methoxy-N-methyl-2-(methylthio)pyrimidine-4-carboxamide (21A):
[0448]

To a mixture of 5-bromo-2-(methylthio)pyrimidine-4-carboxylic acid (5 g, 20 mmol),

Ν ,Ο -dimethylhydroxylamine hydrochloride (2.9 g, 30 mmol) and HATU (9.1 g, 24 mmol) in
100 mL of CH2C 12 at 0 °C was added N,N-diisopropylethylamine (17.4 mL, 100 mmol). The

reaction mixture was allowed to stir at 0 °C for 30 min and then diluted with CH2C 12. It was

washed with water and half brine. The organic layer was separated, dried over MgS0 4, filtered
and concentrated. The crude product was purified by silica gel chromatography to afford the title

compound 21A. MS (

z) 292.16 [M+H] +.

Synthesis of 5-bromo-2-(methylthio)pyrimidine-4-carbaldehvde (21B):
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[0449]

A solution of 5-bromo-N-methoxy-N-methyl-2-(methylthio)pyrimidine-4-carboxamide

(21A, 8.2 g, 28 mmol) in THF (120 mL) was added dropwise to a suspension of lithium

aluminum hydride (1.06 g, 28 mmol) and THF (120 mL) at -78 °C. The mixture was stirred for
10 minutes after addition finish. H20 (1.06 mL), 15% aqueous NaOH solution (1.06 mL) and

H20 (3.18 mL) were successively added to the mixture at 0 °C very slowly. The resulting
precipitate was filtered and washed with THF. The filtrate was concentrated in vacuo to afford
crude of the title compound. MS (m/z): 233.14, [M+H] + .
Synthesis of (S)-N-((5-bromo-2-(methylthio)pyrimidin-4-yl)methylene)-2-methylpropane-2sulfinamide (21 C):
[0450]

Copper(II) sulfate (anhydrous, 8.9 g, 56 mmol) was added to a solution of 5-bromo-2-

(methylthio)pyrimidine-4-carbaldehyde (21B, -28 mmol) and (S)-2-methylpropane-2sulfinamide ( 3.4 g, 28 mmol) in CH2C 12 ( 100 mL). The suspension was stirred for 3 days at
room temperature. The reaction was filtered and washed with CH2C 12 (3x20 ml). The filtrate was
concentrated. The crude product was purified by silica gel chromatography to yield the title
compound 21C. MS (m z) 337.7 [M+H] +
Synthesis of (S)-N-((S)- l-(5-bromo-2-(methylthio)pyrimidin-4-yl)-2-(3,5-difluorophenyl)ethyl)2-methylpropane-2-sulfinamide (21D):
[0451]

To a solution of (S)-N-((5-bromo-2-(methylthio)pyrimidin-4-yl)methylene)-2-

methylpropane-2-sulfinamide (21C, 2.97 g . 8.8 mmol) in THF (18 mL) cooled to-78 C was
drop wise added 3,5-Difluorobenzylmagnesium bromide ( 53 mL, 0.25 M in Ether, 13.3 mmol).
After stirring at -78 C for 10 min, NH4C 1 (sat. aq.) (10 ml) was added to the reaction and
warmed up to ambient temperature. Extracted with EtOAc and the organic layer was dried over
Na2S0 4 (s).The solvent was removed and the residue was purified by silica gel chromatography
to yield 1.44 g of the title compound 21D MS (m z) 465.87 [M+H] +

Synthesis of (S)- 1-(5-bromo-2-(methylthio)pyrimidin-4-yl)-2-(3,5-difluorophenyl)ethanamine
hydrochloride (21E):
[0452]

Compound 21D (8 g, 17.23 mmol) was dissolved in 35 mL of methanol and cooled to

0 °C . To it was added 4N HCl/l,4-dioxane (10.7 mL). The reaction mixture was allowed to stir
for 20 minutes and to it was added diethyl ether. The resulting precipitate was collected by
vacuum filtration then dried to afford the title product 21E. MS (m/z) 362.02 [M+H] + .
Synthesis of (S)-N-(l-(5-bromo-2-(methylthio)pyrimidin-4-yl)-2-(3,5-difluorophenyl)ethyl)-2(3-(difluoromethyl)-4A7 J-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetamide

(21F):
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[0453]

A mixture of 2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-

1- yl)acetic acid (604 mg, 2 mmol), compound 21E (793 mg, 2 mmol) and HATU (912 mg, 2.4

mmol) in 10 mL of DMF was cooled to 0 °C. To it was drop wise added N,Ndiisopropylethylamine (1.05 mL, 6 mmol). The reaction mixture was allowed to stir at 0 °C for
10 minutes then slowly poured it into ice water with stirring. The resulting precipitate was

collected by vacuum filtration then dried to afford the title product 21F. MS

(m/z)

644.22

[M+H] + .

Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(2-(methylthio)-5-(3-oxoisoindolin-5-yl)pyrimidin-4vPethvPacetamide (21G):
[0454]

In a microwave tube were charged with compound 21F ( 300 mg, 0.47 mmol), 6-

(4,4,5, 5-tetramethyl-l,3,2-dioxaborolan-2-yl)isoindolin-l-one

( 181 mg, 0.7 mmol) and

PdCl 2 [P(Cy) 3]2 (17 mg, 0.023 mmol). To the mixture was added 10 mL of 1,4-dioxane and 1.4
mL of sodium bicarbonate aqueous solition (1M). The mixture was heated to 155 C for 25 min
in a microwave synthesizer. After cooled to room temperature, it was partitioned between
EtOAc and water. The organic layer was separated and washed with brine, then dried over
MgS0 4 , filtered and concentrated. The residue was purified by silica gel chromatography to
afford the title compound 21G. MS (m z) 697.32 [M+H] +) .
Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(2-(3-hydroxy-3-methylbut-l-yn-l-yl)-5-(3-oxoisoindolin-5yl)pyrimidin-4-yl)ethyl)acetamide (21H) :
[0455]

To the mixture of solid Cul (3.3 mg, 0.017 mmol), Pd(dppf)Cl 2 (7 mg, 0.009 mmol),

2-methylbut-3-yn-2-ol (22 mg, 0.26 mmol) and compound 21G (60 mg, 0.086 mmol) were

added THF ( 1 mL) and Et3N (0.06 mL, 0.4 mmol). The reaction mixture was heated in a
microwave at 160 °C for 20 min. After cooled to room temperature it was diluted with EtOAc.
To it was added Si-Thiol (130 mg, 1.37 mmol/g) and the mixture was stirred at 40 °C for 1 hour.
Then it was filtered and the filtrate was washed with 10% aqueous NH4OH, water and brine.
The organic layer was dried over MgS0 4 , filtered, concentrated, and purified by reverse phase
HPLC to afford the title compound (21H). 1H NMR (400 MHz, Methanol-^):

δ 9.09 (d), 8.54

(s), 7.64 (dd), 7.58 (dd), 7.40 (d), 6.78 (t), 6.67 (tt), 6.43 - 6.20 (m), 5.40 (q), 4.50 (s), 3.05 (d),

2.50 (tdd), 1.62 (s). MS (m z): 732.99 [M+H] + .
Example 22.
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1,4-dioxane, H2 0

22B

22C

Synthesis of N-((S)- l-(5-bromo-2-(methylthio)pyrimidin-4-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide (22A):
[0456]

The title compound (22A) was prepared according to the method presented for the

synthesis of compound 21F of Example 2 1 utilizing 2-((3bS,4aR)-5,5-difluoro-3-

(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
acid and compound 21E. MS (

z) 624.13 [M+H] +.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-('trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(2-(methylthio)5-(3-oxoisoindolin-5-yl)pyrimidin-4-yl)ethyl)acetamide (22B):
[0457]

The title compound (22B) was prepared according to the method presented for the

synthesis of compound 21G of Example 2 1 utilizing compound 22A and 6-(4,4,5,5-tetramethyl-

l,3,2-dioxaborolan-2-yl)isoindolin-l-one. MS (m/z) 677.05 [M+H] +.
Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-('trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(2-(3-hvdroxy3-methylbut-l-yn-l-yl)-5-(3-oxoisoindolin-5-yl)pyrimidin-4-yl)ethyl)acetamide
[0458]

(22C):

The title compound (22C) was prepared according to the method presented for the

synthesis of compound 21H of Example 2 1 utilizing compound 22B and 2-methylbut-3-yn-2-ol.
H
1

NMR (400 MHz, Methanol-^): δ 9.05 (d), 8.53 (s), 7.63 (dd), 7.58 (dd), 7.37 (d), 6.75 -
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6.55 (m), 6.41 - 6.21 (m), 5.41 (q), 4.85 (s), 4.50 (s), 3.05 (dd), 2.48-2.45 (m), 1.62 (s), 1.38 (q),
1.18 - 0.97 (m, 1H). MS (m/z) 713.01 [M+H] + .

Exampl

23B

Synthesis of 5- 4- (' S - l -(' 2-(' (' 3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahvdrolH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-2(methylthio)pyrimidin-5-yl)-2-fluorobenzamide

[0459]

(23A) :

The title compound (23A) was prepared according to the method presented for the

synthesis of compound 21G of Example 2 1 utilizing compound 22A and 2-fluoro-5-(4,4,5,5tetramethyl-l,3,2-dioxaborolan-2-yl)benzamide.

MS (m/z) 683.06 [M+H] + .

Synthesis of 5- 4- (' S - l -(' 2-(' (' 3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahvdrolH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-2-(3hvdroxy-3-methylbut-l-vn-l-yl)pyrimidin-5-yl)-2-fluorobenzamide

[0460]

(23B):

The title compound (23B) was prepared according to the method presented for the

synthesis of compound 21H of Example 2 1 utilizing compound 23A and 2-methylbut-3-yn-2-ol.
H NMR (400 MHz, Methanol-^):
1

δ 9.09 (t), 8.51 (d), 7.46 (ddq), 7.27 (ddd), 6.69 (tt), 6.40 (h),

5.36 (q), 4.84 (s), 3.10 - 3.01 (m), 2.48-2.45 (m), 1.61 (s), 1.38 (q), 1.07 (dd). MS (m z) 719.06
[M+H] + .

Example 24.
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bis (pinacolato) diboron

24A

Synthesis of 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)isoquinolin-l(2H)-one
[0461]

(24A):

To 5-bromoisoquinolin-l(2H)-one (40 mg, 0.18 mmol) in dioxane ( 1 mL) was added

bis(pinacolato)diboron (63 mg, 0.25 mmol), and PdCl 2 [P(Ph) 3]2 (6 mg, 0.01 mmol). The
reaction mixture sealed and heated to 100 °C for lh. The reaction was cooled to room
temperature and telescoped to the next reaction. MS

(m/z)

272.3 [M+H] +.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(l-oxo-l,2-dihydroisoquinolin-5-yl)pyridin-2-yl)ethyl)acetamide
(24B):

[0462]

To the reaction vial containing 24A (0.18 mmol) was added 14D (50 mg, 0.07 mmol),

PdCl 2 [P(Ph) 3]2 (5 mg, 0.01 mmol), LiCI (11 mg, 0.22 mmol) and aq 1M NaHC0 3 (0.22 mL,
0.22 mmol). The reaction mixture was sealed and heated in a microwave reactor to 160 °C for 20
min. Upon cooling, the reaction mixture was diluted with EtOAc and washed with three portions

of brine. The organic layer were dried over Na2S0 4 , filtered, concentrated in vacuo, and purified
by reverse phase HPLC to provide the title compound 24B as a mixture of atropisomers. MS
(m/z)

724.2 [M+H] +. HPLC retention time 6.95 min and 7.09 min (2-98% acetonitrile: water

with 0.1% trifluoroacetic acid, 8.5 min gradient on a Phenomonex Kinetex C18 column).
Example 25.
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25

Synthesis of N-((S)-l-(3-(3-amino-l-methyl-lH-indazo
l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS^aR)-5,5-difluoro-3-arifluoromethyl)3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide
[0463]

(25):

The title compound (25) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazoll-yl)acetic acid and 37A. 1H NMR (400 MHz, cd3od) δ 9.04-8.52 (m), 7.7-7.61 (m), 7.52 (dd),
7.17 (d), 7.04 (t), 7.00 - 6.90 (m), 6.77 - 6.66 (m), 6.60 (t), 6.48 9 (d), 6.40 - 6.25 (m), 5.325.25 (m), 5.11-5.04 (m), 4.80-4.79 (m), 3.22-3.06 (m), 2.96-2.85 (m), 2.52-2.46 (m), 1.64 (s),
1.43 - 1.39 (m), 1.14 - 1.07 (m). MS (m/z) 726.2 [M+H] + .

Example 26.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(3-oxo-23-dihydro

- i ,2,41triazolor4,3-alpyridin-6-yl)pyridin-2-

vPethvPacetamide (26):
[0464]

The title compound (26) was prepared according to the method presented for the

synthesis of compound 24B of Example 24 utilizing 6-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan2-yl)-[l,2,4]triazolo[4,3-a]pyridin-3(2H)-one

MS

(m/z)

714.1 [M+H] + . HPLC retention time

6.58 min (2-98% acetonitrile: water with 0.1% trifluoroacetic acid, 8.5 min gradient on a

Phenomonex Kinetex C18 column).
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Example 27.

Synthesis of 3-bromo-6-hvdrazinyl-2-methylpyridine (27B):
[0465]

To 3-bromo-6-chloro-2-methylpyridine (1.53 g, 7.41 mmol) in dioxane (4.5 ml) was

added hydrazine hydrate (1.8 ml, 37 mmol). The reaction was heated in a microwave reactor at
160 °C for 55 min. After cooling to ambient temperature, the reaction mixture was partitioned

between EtOAc and saturated aqueous NaCl. The organics were separated and evaporated in
vacuo. The product was used directly in the following step. MS (m/z) 202.0 [M+H] +.
Synthesis of 6-bromo-5-methyl -ri ,2,41triazolor4,3-alpyridin-3(2H)-one (27C):
[0466]

3-bromo-6-hydrazinyl-2-methylpyridine (4.55 g, 22.52 mmol) was dissolved in DCE

(35 ml) to which trichloromethyl chloroforaiate (2.72 ml, 22.52 mmol) was added. The reaction

was stirred at ambient temperature for lh. Hexanes (15 ml) was added and the solids filtered to
provide the desired product. The eluent was reduced in a volume and a second crop of
precipitate was isolated. The combined solids were used without further purification. MS (m/z)
228.0 [M+H] +.
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Synthesis of 5-methyl-6-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl )-ri ,2,41triazolor43alpyridin-3(2H)-one (27D):
[0467]

6-bromo-5-methyl-[l,2,4]triazolo[4,3-a]pyridin-3(2H)-one

(3.62 g, 15.87 mmol) was

combined with bis(pinacolato)diboron (6.05 g, 23.81 mmol), KOAc (3.12 g, 31.75 mmol), and
PdCl 2(PCy3)2 (0.23 g, 0.32 mmol) in dioxane (80 ml). Argon was bubbled into the reaction
solution for 15 min. The reaction was then heated to 85 deg C for 15 h . Additional PdCl 2(PCy3)2
(250 mg) was added and the temperature was raised to 125 deg C . Heated for 15 h . After cooling

to ambient temperature, the reaction was partitioned between EtOAc and water. The organics

were separated, dried, and removed in vacuo. The residue was suspended in EtOAc (50 ml) and
the resultant solids filtered to provide the title compound. MS

(m/z)

276.2 [M+H] +.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hydroxy-3-methylbut-l-yn-l-yl)-3(5-methyl-3-oxo-23-dihvdro -ri ,2,41triazolor4,3-alpyridin-6-yl)pyridin-2-yl)ethyl)carbamate
(27E):

[0468]

In a microwave reaction vessel, 14B (66 mg, 0.13 mmol) and 5-methyl-6-(4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)-[l,2,4]triazolo[4,3-a]pyridin-3(2H)-one

(55 mg, 0.2 mmol)

were dissolved in dioxane (2 mL) and treated with aqueous 1M NaHC0 3 (0.4 mL) and
PdCl 2(PCy3)2 (10 mg). The mixture was heated to 150 °C for 20 min. After cooling to ambient
temperature, the reaction was partitioned between EtOAc and water. The organics were
separated, dried, and removed in vacuo and the residue was purified by column chromatography
on silica to provide the title compound as a mixture of atropisomers. MS (m/z) 563.8 [M+H] +.

Synthesis of (S)-6-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-lyl)pyridin-3-yl)-5-methyl -ri ,2,41triazolor4,3-alpyridin-3(2H)-one (27F):
[0469]

The title compound (27F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 19F in Example 19 utilizing 27E. MS (m/z) 464.1
[M+H] + .

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(5-methyl-3-oxo-2,3-dihydro

- i ,2,41triazolor4,3-alpyridin-6-

yl)pyridin-2-yl)ethyl)acetamide (27G):
[0470]

The title compound (27G) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 37E in Example 37 utilizing 27F and 2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-
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l-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 8.75 (dd), 7.44 - 7.54 (m), 6.83 - 6.92 (m),
6.68 -6.80 (m), 6.47 - 6.56 (dd), 5.98 (d), 5.16 - 5.24 (m), 3.13 - 3.26 (m), 3.03 - 3.08 (m), 2.45

- 2.51 (m), 2.37 (s), 2.11 (s), 1.36 -1.43 (m), 1.05 - 1.15 (m). MS (

z) 728.0 [M+H] + .

Example 28.

Synthesis of (S)-5-(2-( l-(2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lHindazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-lyl)pyridin-3-yl)-2-fluorobenzamide (28):
[0471]

The title compound (28) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing (3-carbamoyl-4-fluorophenyl)boronic acid
and 2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid. 1H

NMR (400 MHz, cd3od) δ 8.88 (d), 7.55 (d), 7.50 - 7.36 (m), 7.32 (s), 7.23 (dd), 6.94 (d), 6.82
(d), 6.72 - 6.62 (m), 6.40 - 6.31 (m), 5.40 - 5.32 (m), 5.22 (s), 5.06 (s), 4.36 - 4.29 (m), 3.75 -

3.57 (m), 3.14 - 2.98 (m), 2.66 - 2.42 (m), 1.62 (s). MS (

z) 738.2 [M+H] + .

Example 29.

Synthesis of 7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-amine

(29A):
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[0472]

To 7-bromo-lH-indazol-3-amine

(75 mg, 0.35 mmol) in dioxane (3 niL) was added

bis(pinacolato)diboron (126 mg, 0.5 mmol), and PdCl 2 [P(Ph)3]2 (12 mg, 0.01 mmol). The
reaction mixture sealed and heated to 100 °C for 16h. The reaction was cooled to room
temperature and telescoped to the next reaction. MS

(m/z)

260.2 [M+H] + .

Synthesis of N-((S)-l-(3-(3-amino-lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-lyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0473]

(29B):

The title compound (29) was prepared according to the method presented for the

synthesis of compound 24B of Example 24 utilizing 29A. MS

(m/z)

712 .4 [M+H] + . PLC

retention time 6.02 min (2-98% acetonitrile: water with 0.1% trifluoroacetic acid, 8.5 min
gradient on a Phenomonex Kinetex C I 8 column).
Example 30.

Synthesis of 5-(2-((S)-l-(2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydrolH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-2,3-difluorobenzamide
[0474]

(30):

The title compound (30) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing 5-bromo-2,3-difluorobenzamide and 2((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, cd3od) δ 8.80

(d), 7.71- 7.65 (m), 7.60-7.50 (m), 7.49-7.40 (m), 7.25-7.18 (m), 7.17-7.10 (m), 6.79-6.65 (m),

6.43-6.31 (m), 5.33 (m, 1H), 5.03 (s), 4.33-4.30 (m), 3.20-3.00 (m), 2.59-2.45 (m), 1.65-1.55
(m), 1.49-1.37 (m), 1.15-1.04 (m). MS

Example 3 1.

(m/z)

736.1 [M+H] + .
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Synthesis of (S)-N-(l-(3-(3-amino-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4,7

,7-tetrafruoro-4,5,6J-

tetrahydro- 1H-indazol- 1-vPacetamide (31) :
[0475]

The title compound (31) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 37A and 2- (3(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid. 1H NMR

(400 MHz, cd3od) δ 8.85 (m), 7.87-7.85 (m), 7.70 (d), 7.54-7.46 (d), 7.33 (d), 7.25-7.15 (m),

6.81-6.71 (m), 6.40-6.32 (m), 5.35-5.24 (m), 5.03-4.98 (m), 3.19 (s), 3.08-2.95 (m), 2.61-2.40
(m), 1.64 (s). MS

(m/z)

746.2 [M+H] + .

Example 32.

Synthesis of N-((S)-l-(3-(3-amino-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide
[0476]

(32):

The title compound (32) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 37A. 1H NMR
(400 MHz, cd3od) δ 8.68 (d), 7.89 - 7.79 (m), 7.74 - 7.65 (m), 7.59 - 7.48 (m), 7.29 (d), 7.16 7.11 (m), 6.79 - 6.60 (m), 6.39 (d), 6.35 - 6.28 (m), 5.27 - 5.22 (m), 5.06 - 4.95 (m), 4.73 (d),

3.16 (s), 3.13 - 3.03 (m), 3.02 - 2.84 (m), 2.50 - 2.39 (m), 1.64 (s), 1.42 - 1.34 (m), 1.03 (s).
MS

(m/z)

708.2 [M+H] + .
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Synthesis of 7-bromo-l -methyl- lH-indazol-3-amine (33A):
[0477]

In a microwave vial a solution of 3-bromo-2-fluorobenzonitrile (2g, 10 mmol) ethanol

(10 mL) was treated with methylhydrazine (2.1 mL, 40 mmol), sealed, and heated to 120°C in a

microwave reactor for 35 minutes. The reaction was concentrated in vacuo and the crude
product dissolved with EtOAc (30mL) and washed with water (30 mL), then 2M NaCl (aq, 30
mL). The organics were dried with Na2S0 4 , filtered, and concentrated. Product was purified by

silica chromatography to give the title compound. MS

(m/z)

227.1 [M+H] +.
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Synthesis of N-(7-bromo-l-methyl-lH-indazol-3-yl)methanesulfonamide
[0478]

(33B):

To a stirred solution of 33A (500 mg, 2.21 mmol), 4-Dimethylaminopyridine (13.5 mg,

0.11 mmol), and N,N-diisopropylethylamine (714.6 mg, 5.53 mmol) in DCM (20 ml) was added

dropwise methanesulfonyl chloride (532.0 mg, 4.64 mmol) at 0°C. The reaction was warmed to
RT and stirred for 2h. The reaction was washed with water, dried with Na2S0 4 , filtered, and
concentrated. The crude product dissolved with EtOH (lOmL) and treated with 8N NaOH (1.65
ml). The reaction mixture was heated at 60°C for 0.5h. The ethanol was removed under

vacuum, pH to ~ 2 with 1.0 HC1 then, extracted with EtOAc. The organics were dried with
Na2S0 4 , filtered, and concentrated. The product was purified by silica chromatography to give
the title compound. MS (

z) 305.9 [M+H] +.

Synthesis of N-(l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3vPmethanesulfonamide (33C):
[0479]

To 33B (1.2 g, 3.9 mmol) in dioxane (15 mL) was added bis(pinacolato)diboron (1.9

mg, 5.5 mmol), and PdCl 2 [P(Ph) 3]2 (138 mg, 0.19 mmol). The reaction mixture sealed and

heated to 100 °C for lh. The reaction was cooled to rt and filtered through Celite using ethyl
acetate to rinse the pad. The collected organic phase was concentrated in vacuo and purified by
silica gel chromatography to give the title compound. MS

m

)

352.1 [M+H] +.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)carbamate
[0480]

(33D):

To 14B (250 mg, 0.5 mmol) in dioxane (12 mL) was added N-(l-methyl-7-(4,4,5,5-

tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-yl)methanesulfonamide

(33C, 253 mg, 0.72

mmol), PdCl 2 [P(Ph) 3]2 (35 mg, 0.05 mmol), and aq 1M NaHC0 3 (1.5 mL, 1.5 mmol). The
reaction mixture sealed and heated in a microwave reactor to 150 °C for 20 min. Upon cooling,
the reaction mixture was diluted with EtOAc and washed with three portions of brine. The
organic layer were dried over Na2S0 4 , filtered, concentrated in vacuo, and purified by silica gel
column chromatography, eluting with 0-100% EtOAc in hexanes to give the title compound 33D
as a mixture of atropisomers.

Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-l -methyl- lH-indazol-3-yl)methanesulfonamide (33E):
[0481]

To a solution of 33D (47 mg, 0.07 mmol) in DCM was added 4M HC1 in dioxane (0.7

mL, 2.9 mmol). The reaction mixture was stirred at room temperature for 0.5 hours. Upon
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complete removal of the Boc protecting group, the reaction was concentrated in vacuo to give
the title compound 33E as a mixture of atropisomers.
Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-vn-l-yl)-3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2yl)ethyl)acetamide (33F):

[0482]

To a solution of 33E (70 mg) in DMA (3 mL) was added triethylamine (0.046 mL,

0.32 mmol), followed by 2-((3bS,4aR)-3-(trifluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydrolH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid (31 mg, 0.1 mmol) and HATU (46

mg, 0 .12 mmol). After stirring for 30 minutes, the reaction mixture was filtered and purified by
reverse phase HPLC to provide the product 33F as a mixture of atropisomers. 1H NMR (400
MHz, cd3od) δ 7.83 (dd), 7.72-7.64 (m), 7.50-7.55 (m), 7.32-7.07 (m), 6.78-6.70 (m), 6.52-6.48
(m), 6.33-6.31 (m), 5.35-5.28 (m), 5.05-4.37 (m), 3.56 (s), 3.21-3.09 (m), 3.00 - 2.90 (m), 2.54-

2.40 (m), 1.64 (s), 1.50 - 1.39 (m), 1.10 - 0.88 (m). MS (

z) 804.1 [M+H] + .

Example 34.
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Synthesis of N-((S)-l-(3-(3-amino-l-methyl-lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vnl-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-5,5a,6,6atetrahydrocycloproparglindazol- 1(4H)-yl)acetamide (34):

[0483]

The title compound (34) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 37A and 2-(3(difluoromethyl)-5,5a,6,6a-tetrahydrocyclopropa[g]indazol-

1(4H)-yl)acetic acid

(WO2013006738). 1H NMR (400 MHz, cd3od) δ 7.91 - 7.86 (m), 7.71 (dd), 7.54 (dd), 7.22 7.17 (m), 6.87 - 6.69 (m), 6.66 - 6.56 (m), 6.41 - 6.30 (m), 5.35-5.25 (m), 5.08 - 4.97 (m), 4.90
- 4.71 (m), 4.36 - 4.29 (m), 3.76 - 3.66 (m), 3.65 - 3.57 (m), 3.18 - 3.13 (m), 3.07 (dt), 3.01 2.90 (m), 2.75 - 2.64 (m), 2.21 - 2.04 (m), 1.76 - 1.61 (m), 1.10-1.03 (m), 1.00 - 0.90 (m), 0.750.70 (m), 0.69 - 0.62 (m). MS

(m/z)

686.2 [M+H] + .

209

Example 35.

35A

35B

35C

Synthesis of 6-bromo-N-(oxetan-3-yl)imidazori,2-alpyridine-8-carboxamide
[0484]

6-bromoimidazo[l,2-a]pyridine-8-carboxylic

(35B):

acid hydrochloride (235 mg, 0.85 mmol)

and HATU (386.16 mg, 1.02 mmol) were combined in DMF (4 ml) and treated with iPr 2NEt
(0.37 ml, 2.12 mmol). 3-Oxetamine hydrochloride (92.31 mg, 0.85 mmol) was added and the

reaction stirred at ambient temperature for 1 h . Water (2 ml) was added and a solid precipitated.
The solids were collected by filtration to provide the desired product. MS

(m/z)

Synthesis of (8-(oxetan-3-ylcarbamoyl)imidazori,2-alpyridin-6-yl)boronic
[0485]

296.0 [M+H] + .

acid (35C):

The title compound (35C) was prepared according to the method presented for the

synthesis of 27D in Example 27 utilizing 35B wherein the boronic ester hydrolyzed and the
corresponding boronic acid wa

+.

Synthesis of 6-(2-((S)-l-(2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydrolH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-N-(oxetan-3-yl)imidazori,2-alpyridine-8carboxamide (35D):
[0486]

The title compound (35D) was prepared according to the method presented for the

synthesis of 27G in Example 27 utilizing 14B and 35C. 1H NMR (400 MHz, Methanol- d 4 ) δ
9.15 (d), 8.80 (d), 8.27 (d), 8.11 (d), 7.84 - 7.69 (m), 7.65 (dd), 7.53 (dd), 6.89 - 6.64 (m), 6.53

- 6.37 (m), 5.34 - 5.13 (m), 4.73 - 4.49 (m), 4.49 - 4.34 (m), 3.96 - 3.58 (m), 3.25 - 3.03 (m),
2.59 - 2.36 (m), 1.51 - 1.29 (m), 1.18 - 0.95 (m). MS (m z) 796.2 [M+H] + .
Example 36.
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Bis(pinacolato)diboron

36A

Synthesis of (4-fluoro-lH-pyrrolor23-blpyridin-5-yl)boronic
[0487]

36B

acid (36B):

In a microwave vessel, 5-bromo-4-fluoro-lH-pyrrolo[2,3-b]pyridine

(100 mg, 0.47

mmol) was combined with bis(pinacolato)diboron (177 mg, 0.7 mmol), KOAc (91 mg, 0.93
mmol), and PdCl 2(PCy3)2 (34 mg) in dioxane (4.5 ml). Argon was bubbled into the reaction
solution for 15 min. The reaction was heated in a microwave reactor at 155 °C for 15 min. After
cooling to ambient temperature, the reaction was partitioned between EtOAc and water. The
organics were separated, dried, and removed in vacuo to provide the title compound. MS (m/z)
181.1 [M+H] + .

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(3-(4-fluoro-lHpyrrolor23-blpyridin-5-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)ethyl)acetamide
(36C):

[0488]

The title compound (36C) was prepared according to the method presented for the

synthesis of 27G in Example 27 utilizing 14B and 36B. 1H NMR (400 MHz, Methanol- d 4 ) δ
8.71 (s), 7.63 (s), 7.53 - 7.42 (m), 6.64 (s), 6.57 (s), 6.32 (s), 3.14 - 2.97 (m), 2.56 - 2.40 (m),

1.62 (s), 1.42 - 1.34 (m), 1.16 - 1.04 (m). MS (m/z) 715.1 [M+H] + .

Example 37.
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Synthesis of l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-amine
37A :

[0489]

The title compound (37A) was prepared according to the method presented for the

synthesis of compound 39B of Example 39 utilizing 33A. MS (m/z) 2 Ί 4.2 [M+H] +.
Synthesis of (S)-tert-butyl (l-(5-bromo-2-(methylthio)pyrimidin-4-yl)-2-(3,5difruorophenyl)ethyl)carbamate (37B):
[0490]

To compound 21E (310 mg, 0.78 mmol) in dichloromethane (3 ml) was added

triethylamine (217 µ , 1.56 mmol) and di-tert-butyldicarbonate (170 mg, 0.78 mmol). The
mixture was stirred for one hour at ambient temperature then concentrated in vacuo.
[0491]

The residue was purified by silica gel chromatography to afford the title compound

(37B). MS (m/z) 459.86 [M+H] + .

Synthesis of (S)-tert-butyl (l-(5-(3-amino-l-methyl-lH-indazol-7-yl)-2-(methylthio)pyrimidin4-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (37C):
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[0492]

The title compound (37C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 21G of Example 2 1 utilizing compound 37B
and 37A. MS (m/z) 526.81 [M+H] + .

Synthesis of (S)-7-(4-(l-amino-2-(3,5-difluorophenyl)ethyl)-2-(methylthio)pyrimidin-5-yl)-lmethyl-lH-indazol-3-amine hydrochloride (37D):
[0493]

Compound 37C (78 mg, 0.15 mmol) was dissolved in 2 mL of 1,4-dioxane and cooled

to 0 °C. To it was added 4N H / 1,4-dioxane (2 mL). The reaction mixture was stirred at room

temperature for 7 hours. The solvent was removed and dried to afford the title compound 37D as
a mixture of atropisomers. MS (m/z) 427.01 [M+H] +.
Synthesis of (S)-N-(l-(5-(3-amino-l-methyl-lH-indazol-7-yl)-2-(methylthio)pyrimidin-4-yl)-2(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6J-tetrahydro-lHindazol- 1-vDacetamide (37E) :
[0494]

A mixture of 2-(3-(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-

l-yl)acetic acid (44 mg, 0.14 mmol), compound 37D (69 mg, 0.15 mmol) and HATU (68 mg,
0.18 mmol) in 1.5 mL of DMF was cooled to 0 °C. To it was added N,N-diisopropylethylamine
(0.1 mL, 0.6 mmol). The reaction mixture was allowed to stir at 0 °C for 5 minutes then

partitioned between EtOAc and 5% aqueous LiCl solution. The organic layer was separated,
washed with brine and concentrated. The residue was purified by reverse phase HPLC) to
afford the title product 37E as a mixture of atropisomers. MS (m/z) 710.95 [M+H] +.
Synthesis of (S)-N-(l-(5-(3-amino-l-methyl-lH-indazol-7-yl)-2-(3-hydroxy-3-methylbut-l-ynl-yl)pyrimidin-4-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro4,5,6J-tetrahvdro- lH-indazol- 1-vDacetamide (37F):
[0495]

The title compound (37F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 21H of Example 2 1 utilizing compound 37E
and 2-methylbut-3-yn-2-ol. 1H NMR (400 MHz, Methanol-^) δ 9.01 (d), 8.69 (d), 7.88 - 7.78
(m), 7.70 - 7.41 (m), 7.40 - 7.28 (m), 7.10 (dt), 6.96 - 6.52 (m), 6.35 (d), 5.41 - 5.23 (m), 5.15 -

5.05 (m), 5.04 - 4.91 (m), 3.45-3.47 (m), 3.20 (s), 3.13 - 2.83 (m), 2.62 - 2.35 (m), 1.62 (s). MS
(m/z) 747.03 [M+H]+.

Example 38.
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Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(5-methyl-3-oxo-2,3-dihydro

-ri ,2,41triazolor4,3-alpyridin-6-

yl)pyridin-2-yl)ethyl)acetamide (38):
[0496]

The title compound (38) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 27G in Example 27 utilizing 27F and 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid. HPLC retention time 6.48 min and 6.58 min corresponding to each
atropisomer (2-98% acetonitrile: water with 0.1% trifluoroacetic acid, 8.5 min gradient on a
Phenomonex Kinetex C18 column 4.6 x 100 mm). MS

(m/z)

710.1 [M+H] + .

Example 39.

39A

39B

Synthesis of N-(7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)benzordlisoxazol-3vPmethanesulfonamide (39B):
[0497]

To 39A (prepared similarly to 33B of example 33 utilizing 7-bromobenzo[d]isoxazol-

3-amine instead of 7-bromo-l-methyl-lH-indazol-3-amine)

(87 mg, 0.3 mmol) in dioxane (3

mL) was added bis(pinacolato)diboron ( 107mg, 0.4 mmol), and PdCl 2[P(Ph) 3]2 (21 mg, 0.03
mmol). The reaction mixture sealed and heated to 100 °C for 16h. The reaction was cooled to
room temperature and telescoped to the next reaction. MS (m/z) 260.2 [M+H] + .
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( 'trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(3-(methylsulfonamido)benzordlisoxazol-7-yl)pyridin-2vPethvPacetamide (39C):
[0498]

The title compound (39C) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing 39B and 2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
acid. MS

(m/z)

791.1 [M+H] + . HPLC retention time 7.25 min (2-98% acetonitrile: water with

0.1% trifluoroacetic acid, 8.5 min gradient on a Phenomonex Kinetex C I 8 column).

Example 40.

Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(2-(3-hvdroxy-3-methylbut-l-vn-l-yl)-5-(l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyrimidin-4-yl)ethyl)acetamide
[0499]

(40):

The title compound (40) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 37F of Example 37 utilizing compound 37B
and N-(l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3yl)methanesulfonamide (compound 33C). 1H NMR (400 MHz, Methanol-^): δ 8.73 (d), 7.90
(ddd), 7.48-7.40 (m), 7.25 (dd), 7.18 (dd), 7.04 - 6.53 (m), 6.44 - 6.25 (m), 5.42-5.38 (m), 5.09

- 4.88 (m), 3.41 (s), 3.19 (s), 3.14-2.90 (m), 2.63 - 2.20 (m), 1.64 (d). MS (m z) 824.90 [M+H] +
Example 4 1
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(2-(3-hvdroxy3-methylbut-l-yn-l-yl)-5-(l-methyl-3-(methyls^
yl)ethyl)acetamide (41):
[0500]

The title compound (41) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 23B of Example 23 utilizing compound 22A
and N-(l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3yl)methanesulfonamide (33C). 1H NMR (400 MHz, Methanol- d 4 ) δ 9.12 - 8.90 (m), 8.73 (dd),
7.90 (dd), 7.42 (d), 7.24 (t), 7.17 (t), 6.87 - 6.68 (m), 6.61 (t), 6.37 (dd), 5.47-5.35 (m), 5.02 (q),
4.85 - 4.46 (m), 3.40 (d), 3.19 (d), 3.12 (dd), 3.07-2.83 (m), 2.62-2.33 (m) 1.64 (d), 1.481.31(m), 1.16-0.95 (m). MS (

z) 804.85 [M+H] + .

Example 42.

42

Synthesis of (S)-2-(3-(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)N-(2-(3,5-difluorophenyl)-l-(6-(3-hydroxy-3-methylbut-l-yn-l-yl)-3-(l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)acetamide
[0501]

(42):

The title compound (42) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 2-(3(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid. 1H NMR

(400 MHz, cd3od) δ 8.80 (d), 7.82 (d), 7.75 - 7.69 (m), 7.59 - 7.51 (m), 7.40-7.20 (m), 7.19-
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7.05 (m), 6.80 (d), 6.60-6.52 (m), 6.30 (d), 5.08 - 4.97 (m), 4.90 - 4.71 (m), 3.34 (s), 3.25-3.00
(m), 2.90-2.75 (m), 2.76 - 2.64 (m), 2.25 - 2.00 (m, 5H), 1.64 (s). MS (

z) 824.2 [M+H] + .

Example 43.
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Synthesis of 2-(3-(difluoromethyl)-5,5a,6,6a-tetrahydrocycloproparglindazol-l(4H)-yl)-N-((S)2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3-(l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)acetamide
[0502]

(43):

The title compound (43) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 20C and 2- (3(difluoromethyl)-5,5a,6,6a-tetrahydrocyclopropa[g]indazol-l(4H)-yl)acetic

acid. 1H NMR (400

MHz, cd3od) δ 7.80 (d), 7.45 (d), 7.51 (d), 7.25-7.20 (m, 1H), 6.80-6.52 (m), 6.45 (d), 5.355.25 (m), 5.08 - 4.97 (m), 4.90 - 4.71 (m), 3.34 (s), 3.25-3.02 (m), 2.98 - 2.64 (m,), 2.75-2.35
(m), 2.25 - 2.00 (m), 1.80 - 1.70 (m), 1.64 (d), 1.00 - 0.90 (m), 0.65 - 0.58 (m). MS (

z) 764.2

[M+H] + .

Example 44.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-vn-l-yl)-3-(l-methyl-3-(sulfamoylamino)-lH-indazol-7-yl)pyridin-2vPethvPacetamide (44):
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[0503]

To a stirred solution of 25 (31 mg, 0.04 mmol) and pyridine (0.024 mL, 0.03 mmol) in

dichloroethane (0.5 mL) was added a solution of sulfamoyl chloride (12 mg, 0.1 mmol) in
dichloroethane (-0.2 mL). The reaction was heated at 60°C for lh. Upon cooling, the reaction
mixture was concentrated in vacuo, diluted with EtOAc and washed with water then 1 M HCl.
The organic layer was dried over Na2S0 4 , filtered, concentrated in vacuo, and purified by
reverse phase HPLC to provide the title compound 44 as a mixture of atropisomers. 1H NMR
(400 MHz, cd3od) δ 8.86 - 6.25 (m, 8H), 5.38 - 4.97 (m, 1H), 4.85 - 4.73 (m, 2H), 3.26 - 3.06
(m, 1H), 3.04 - 2.90 (m, 2H), 2.63 - 2.37 (m, 2H), 1.69 - 1.56 (m, 6H), 1.52 - 1.32 (m, 1H),
1.19 - 0.98 (m, 1H). MS (

z) 805.1 [M+H] + .

Example 45.

45G

Synthesis of 2-(7-bromo-lH-indazol-3-yl)isoindoline-L3-dione

(45B):
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[0504]

To 7-bromo-lH-indazol-3-amine (45A, 1.2 g, 5.5 mmol) in toluene (30 mL) was added

phthalic acid (990 mg, 6.0 mmol). The flask was fitted with a Dean-Stark trap and the reaction
mixture was stirred for 12 hours at 180 °C. The reaction was allowed to cool, the solids were
filtered off and used with no further purification to provide the title compound. MS

(m/z)

343.1

[M+H] +.

Synthesis of 7-bromo-l -ethyl- lH-indazol-3-amine (45C):
[0505]

To 45B (100 mg, 0.3 mmol) in DMF (2 mL) was added Cs2C0 3 (95.2 mg, 0.3 mmol)

and iodoethane (0.028 ml, 0.35 mmol). The reaction mixture was stirred for 10 minutes. The
reaction mixture was diluted with EtOAc and brine, extracted 2X with EtOAc, organic layer
dried over sodium sulfate, and concentrated. To the crude mixture was added EtOH (2 ml) and
hydrazine hydrate ( 1 ml) the reaction mixture was stirred for 30 minutes. The mixture was
concentrated and purified by flash column chromatography to provide the title compound. MS
(m/z)

240.1 [M+H] +.

Synthesis of l-ethyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-amine
[0506]

(45D):

To 45C (80 mg, 0.3 mmol) in dioxane (5 mL) was added bis(pinacolato)diboron (84.6

mg, 0.3 mmol), potassium acetate (32.7 mg, 0.3 mmol), and Pd(PCy 3)2Cl2 (12.3 mg, 0.02

mmol). The reaction mixture was heated in the microwave for 30 minutes at 150 °C. The

reaction was cooled and the solids were filtered off. The mixture was concentrated and purified
by flash column chromatography to provide the title compound. MS (m/z) 288.2 [M+H] +.
Synthesis of (S)-tert-butyl (l-(3-(3-amino-l-ethyl-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbutl-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0507]

(45E):

To 45D (40 mg, 0.1 mmol) in dioxane (4 mL) and MeOH (0.75 ml) was added 14B (69

mg, 0.1 mmol), 2M K2C0 3 (0.4 ml), LiCl (17.7 mg, 0.4 mmol) and Pd(PPh 3)2Cl2 (4.9 mg, 0.007

mmol). The reaction mixture was heated in the microwave for 30 minutes at 150 °C. The

reaction was cooled, diluted with EtOAc and brine, and extracted 2X EtOAc. The organic layer
was dried over sodium sulfate, concentrated and purified by flash column chromatography to
provide the title compound as a mixture of atropisomers. MS (m/z) 576.0 [M+H] +.
Synthesis of (S)-4-(5-(3-amino-l-ethyl-lH-indazol-7-yl)-6-(l-amino-2-(3,5difluorophenyl)ethyl)pyridin-2-yl)-2-methylbut-3-vn-2-ol (45F):
[0508]

The title compound (45F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 45E. MS (m/z)
476.1 [M+H] +.
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Synthesis of N-((S)- l -(3-(3-amino- l -eth l- l H-indazol
yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

[0509]

(45G):

The title compound (45G) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 45F and 2((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR 1H NMR (400 MHz,

Methanol-^) δ 8.67 (d), 7.87 - 7.75 (m), 7.71 (d), 7.59 - 7.50 (m), 7.26 - 7.19 (m), 7.18 - 7.12
(m), 7.12 - 7.04 (m), 6.76 - 6.63 (m), 6.60 (d), 6.47 - 6.41 (m), 6.27 (d), 5.11 - 5.01 (m), 4.81
(d), 4.72 (d), 3.67 - 3.55 (m), 3.51 - 3.43 (m), 3.39 - 3.24 (m), 3.15 - 3.10 (m), 3.09 - 2.84 (m),

2.56 - 2.40 (m), 1.64 (s), 1.45 - 1.33 (m), 1.31 - 1.25 (m), 1.14 - 1.03 (m), 0.87 (dt).MS

(m/z)

740.2 [M+H] + .
Example 46.

Synthesis of N-((S)-l-(3-(3-amino-lH-indazol-5-yl)-6-(3-hvdroxy-3-methylbut-l-vn-lyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

[0510]

(46):

The title compound (46) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing 5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan2-yl)-lH-indazol-3-amine

and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-

tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz,

cd3od) δ 8.99 (d), 7.62 - 7.54 (m),7.51 - 7.40 (m), 7.33 (d), 6.72 - 6.62 (m), 6.29 - 6.22 (m),
5.53 - 5.43 (m,), 4.92 (d), 3.03 (d), 2.60 - 2.45 (m), 1.63 (s), 1.48 - 1.37 (m), 1.16 - 1.04 (m).
MS

(m/z)

712.1 [M+H] + .

Example 47.
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)-N-((S)-23-methylbut-l -vn- l -yl)-3-(l -methyl-3-(l -methyl-l H
yl)pyridin-2-yl)ethyl)acetamide (47):
[0511]

To a solution of N-((S)-l-(3-(3-amino-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3-

methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-lyl)acetamide (25, 10 mg, 0.014 mmol) in dichloromethane (0.2 mL) was added pyridine (6.6 µ ,
0.083 mmol), followed by 1-methyl- lH-imidazole-4-sulfonyl chloride (3.7 mg, 0.021 mmol).
After stirring for 1 h, the reaction mixture was concentrated and purified by reverse phase HPLC
to provide the title product as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ

7.75 (dd), 7.71 - 7.63 (m), 7.57 - 7.48 (m), 7.30 (s), 7.14 - 7.03 (m), 6.79 - 6.70 (m), 6.66 6.55 (m), 6.38 - 6.26 (m), 5.25 (dd), 4.96 (dd), 4.87 - 4.72 (m), 3.67 (s), 3.46 (s), 3.27 (s), 3.25 3.18 (m), 3.09 - 3.02 (m), 3.00 - 2.87 (m), 2.58 - 2.43 (m), 1.64 (s), 1.64 (s), 1.50 - 1.37 (m),
1.16 - 1.06 (m). MS (m/z) 870.10 [M+H] + .

Example 48.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-
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3-methylbut-l-vn-l-yl)-3-(l-methyl-3-(l-methyl-lH-pyrazole-4-sulfonamido)-lH-indazol-7yl)pyridin-2-yl)ethyl)acetamide (48):
[0512]

The title compound (48) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (47) of Example 47 utilizing 1-methyl- 1Hpyrazole-4-sulfonyl chloride. 1H NMR (400 MHz, Methanol-^) δ 7.95 (s), 7.77 - 7.66 (m),
7.61 (s), 7.57 - 7.48 (m), 7.24 - 7.18 (m), 7.17 - 7.10 (m), 7.07 (dd), 6.78 - 6.68 (m), 6.63 (dd),

6.60 - 6.50 (m), 6.40 - 6.26 (m), 5.26 (dd), 5.02 (dd), 4.88 - 4.71 (m), 3.83 (s), 3.60 (s), 3.29 (s),
3.27 - 3.21 (m), 3.09 - 3.01 (m), 3.00 - 2.87 (m), 2.58 - 2.39 (m), 1.64 (s), 1.49 - 1.36 (m), 1.16

- 1.04 (m). MS

(m/z)

870.03 [M+H] + .

Example 49.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(l-methyl-3-(lH-pyrazole-4-sulfonamido)-lH-indazol-7-yl)pyridin-2vPethvPacetamide (49):
[0513]

The title compound (49) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (47) of Example 47 utilizing lH-pyrazole-4sulfonyl chloride. 1H NMR (400 MHz, Methanol-^) δ 8.74 (d), 8.60 (q), 7.91 (s), 7.83 (s), 7.76
- 7.63 (m), 7.57 - 7.47 (m), 7.21 (dd), 7.13 (dd), 7.03 (dd), 6.79 - 6.68 (m), 6.61 - 6.50 (m),
6.46 (dd), 6.38 - 6.25 (m), 5.34 - 5.22 (m), 5.05 - 4.94 (m), 4.87 - 4.78 (m), 3.28 (s), 3.26 3.16 (m), 3.15 - 3.07 (m), 3.00 - 2.90 (m), 2.58 - 2.43 (m), 1.64 (s), 1.64 - 1.64 (m), 1.49 - 1.37
(m), 1.17 - 1.07 (m). MS

Example 50.

(m/z)

856.03 [M+H] + .
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Synthesis of N-((S)-l-(3-(3-(3-cvclopropylureido)-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-vDpyridin-l-vD-l-t

' S.S-difluorophenvDethvD-l-t ' ' SbS^a^-S.S-difluoro-S-

(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-lvPacetamide (50):
[0514]

To a solution of N-((S)-l-(3-(3-amino-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3-

methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-lyl)acetamide (25, 10 mg, 0.014 mmol) and DIPEA (3.5 µ , 0.021 mmol) in dichloromethane
(0.1 niL) was added triphosgene (4.5 mg, 0.015 mmol). After stirring for 1 minute

cyclopropylamine (3.5 µ , 0.055 mmol) was added. After stirring for 15 minutes, the reaction
mixture was concentrated and purified by reverse phase HPLC to provide the title product as a
mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ 7.87 (m), 7.68 (dd), 7.53 (dd),
7.23 (dd), 7.13 (dd), 7.02 (dd), 6.77 - 6.68 (m), 6.63 - 6.54 (m), 6.49 (dd), 6.38 - 6.32 (m), 6.32

- 6.25 (m), 5.25 (dd), 5.01 (t), 4.79 (t), 3.26 (s), 3.25 - 3.19 (m), 3.14 - 3.04 (m), 3.00 - 2.89
(m), 2.73 - 2.64 (m), 2.56 - 2.41 (m), 1.64 (s), 1.64 (s), 1.49 - 1.36 (m), 1.17 - 1.04 (m), 0.81 0.71 (m), 0.61 - 0.51 (m). MS (

z) 809.12 [M+H] + .

Example 5 1.

Synthesis of N-(7-(2-((S)-l-(2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydrolH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3-
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hydroxy- 3-methylbut- 1-yn- 1-yl)pyridin-3- yl)- 1-methyl- lH-indazol-3- yl)-4-methylpiperazine- 1carboxamide (51):
[0515]

The title compound (51) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (50) of Example 50 utilizing 1methylpiperazine. 1H NMR (400 MHz, Methanol-^) δ 7.79 - 7.66 (m), 7.54 (dd), 7.23 (dd),
7.16 (dd), 7.09 (dd), 6.78 - 6.68 (m), 6.66 - 6.57 (m), 6.43 - 6.36 (m), 6.36 - 6.28 (m), 5.29
(dd), 5.02 (dd), 4.85 - 4.71 (m), 4.39 (s), 3.67 - 3.45 (m), 3.27 - 3.22 (m), 3.14 - 3.06 (m), 3.03

- 2.89 (m), 2.58 - 2.41 (m), 1.65 (s), 1.64 (s), 1.49 - 1.36 (m), 1.17 - 1.10 (m), 1.10 - 1.04 (m).
MS (

z ) 852.11 [M+H] +.

Example 52.

Synthesis of N-(7-(2-((S)-l-(2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydrolH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol-3-yl)morpholine-4carboxamide (52):
[0516]

The title compound (52) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (50) of Example 50 utilizing morpholine. 1H
NMR (400 MHz, Methanol-^) δ 7.77 - 7.66 (m), 7.54 (dd), 7.22 (dd), 7.15 (dd), 7.08 (dd), 6.77
- 6.69 (m), 6.66 - 6.60 (m), 6.58 (dd), 6.42 - 6.36 (m), 6.36 - 6.29 (m), 5.32 (dd), 5.03 (dd),
4.85 - 4.79 (m), 4.79 - 4.71 (m), 3.74 (dd), 3.61 - 3.53 (m), 3.27 - 3.20 (m), 3.15 - 3.07 (m),
3.02 (s), 3.00 - 2.90 (m), 2.58 - 2.41 (m), 1.65 (s), 1.64 (s), 1.49 - 1.35 (m), 1.16 - 1.10 (m),
1.10 - 1.04 (m). MS (m z) 839.13 [M+H] + .

Example 53.
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcyclopropa 3 41cyclopenta i 2-c1pyrazol-l -yl)-N
ethylsulfamoyl)amino)-l -methyl- lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin2-yl)ethyl)acetamide (53):
[0517]

The title compound (53) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (44) of Example 44 utilizing ethyl
sulfamoylchloride.

H NMR (400 MHz, Methanol-^)
1

δ 8.84 - 8.74 (m), 7.95 - 7.85 (m), 7.69

(dd), 7.54 (dd), 7.23 (dd), 7.15 (dd), 7.09 (dd), 6.79 - 6.69 (m), 6.66 - 6.56 (m), 6.39 - 6.34 (m),

6.34 - 6.26 (m), 5.35 - 5.25 (m), 5.07 - 4.98 (m), 4.86 - 4.71 (m), 3.23 (m), 3.15 - 3.02 (m),
3.00 (s), 2.98 - 2.88 (m), 2.58 - 2.40 (m), 1.65 (s), 1.64 (s), 1.49 - 1.36 (m), 1.12 (t), 1.10 - 1.02
(m). MS (m/z) 833.14 [M+H] + .

Example 54.

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(l-methyl-3-(sulfamoylamino)-lH-indazol-7-yl)pyridin-2vPethvPacetamide (54):
[0518]

The title compound (54) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 44 of Example 44 utilizing and 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid. 1H NMR (400 MHz, cd3od) δ 8.75 (d), 8.01 - 7.93 (m), 7.72 - 7.63
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(m), 7.53 (dd), 7.28 - 7.05 (m), 6.87 - 6.51 (m), 6.34 (m), 5.35-5.25 (m), 5.07 - 4.96 (m), 4.80 -

4.65 (m), 3.33 (s), 3.24 - 2.88 (m), 2.53 - 2.38 (m), 1.64 (d), 1.45 - 1.32 (m), 1.13 - 0.99 (m).
MS

(m/z)

787.1 [M+H] + .

Example 55.

Synthesis of (S)-tert-butyl (l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut- 1-yn- l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0519]

(55A):

To 19C (1.5 g, 4.8 mmol) in dioxane (100 mL) was added 14B (1.6 g, 3.2 mmol), IN

sodium bicarbonate (8.4 ml, 8.4 mmol), and PdCl 2(PCy3)2 (238 mg, 0.3 mmol). The reaction
mixture was stirred for 30 minutes at 125 °C. The reaction was cooled, diluted with EtOAc and
brine. The mixture was extracted 2X with EtOAc, the organic layer was dried over sodium
sulfate, was concentrated and purified by flash column chromatography to provide the title
compound as a mixture of atropisomers. MS (m/z) 596.7 [M+H] + .
Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(3-amino-4-chloro-l-methyl-lHindazol-7-yl)pyridin-2-yl)-2-methylbut-3-vn-2-ol
[0520]

(55B):

The title compound (55B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 55A. MS (m/z)
496.5 [M+H] + .
Synthesis of N-((S)-l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-

226

(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvDacetamide (55C):
[0521]

The title compound (55C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 55B and 2((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, Methanol-^) δ

8.83 - 8.69 (m), 7.65 (d), 7.53 (d), 7.13 - 7.06 (m), 7.07 - 6.99 (m), 6.96 (d), 6.81 - 6.71 (m),

6.67 - 6.56 (m), 6.48 - 6.39 (m), 6.41 - 6.30 (m), 5.30 - 5.19 (m), 5.07 - 4.96 (m), 4.83 - 4.71
(m), 3.27 - 3.22 (m), 3.17 (s), 3.10 (s), 3.04 - 2.91 (m), 2.81 (s), 2.61 - 2.39 (m), 1.63 (s), 1.49 1.37 (m), 1.37 - 1.24 (m), 1.23 - 1.00 (m). MS (

Example 56.

z) 760.3 [M+H] + .
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Synthesis of 2,5-dioxopyrrolidin-l-yl 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetate

[0522]

(56A):

To a stirring solution of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-

tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid (1.00 g, 3.54 mmol), N-

hydroxysuccinimide (0.61 g, 5.32 mmol), and pyridine (0.968 mL, 12.1 mmol) was added
dropwise at -5 °C thionyl chloride (0.439 mL, 6.02 mmol). After stirring at -5 °C for 20 min,
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2.0M aqueous NaCl (lOmL) was added and the product was extracted with two portions of ethyl
acetate (12 mL). The combined organic layers were dried over Na2 S0 4 , filtered, concentrated in

vacuo, and purified by silica gel column chromatography to give the title compound. 1H NMR
(400 MHz, DMSO-4) δ 5.88 - 5.63 (m, 4H), 2.77 - 2.55 (m, 2H), 1.56 - 1.31 (m, 2H), 1.12 0.98 (m, 2H).

Synthesis of N-(7-bromo-l-methyl-lH-indazol-3-yl)-4-methylpiperazine-l-sulfonamide
[0523]

To a stirring solution of 7-bromo-l-methyl-lH-indazol-3-amine

(56B):

(33A, 250 mg, 1.11

mmol) and DABCO (310 mg, 2.77 mmol) in acetonitrile was added 4-methylpiperazine-lsulfonyl chloride HC1 (650 mg, 2.77 mmol). After stirring at 50 °C for 3 h, the reaction was
concentrated, diluted with water and extracted with ethyl acetate. The organic layer was dried
over Na2S0 4 , filtered, concentrated in vacuo, and purified by silica gel column chromatography
to give the title compound. MS (m/z) 387.97 [M+H] + .

Synthesis of 4-methyl-N-(l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol3-yl)piperazine-l-sulfonamide

[0524]

(56C):

The title compound (56C) was prepared according to the method presented for the

synthesis of compound (19D) of Example 19 utilizing N-(7-bromo-l-methyl-lH-indazol-3-yl)4-methylpiperazine-l -sulfonamide (56B). MS (m z) 436.18 [M+H] + .

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3(l-methyl-3-(4-methylpiperazine-l-sulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)carbamate
(56D):

[0525]

The title compound (56D) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (19E) of Example 19 utilizing 4-methyl-N-(lmethyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-yl)piperazine-lsulfonamide (56C).
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vnl-yl)pyridin-3-yl)-l -methyl- lH-indazol-3-yl)-4-methylpiperazine-l-sulfonamide
[0526]

(56E):

The title compound (56E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (14C) of Example 14 utilizing (S)-tert-butyl (2(3,5 -difluorophenyl) - 1-(6 - (3 -hydroxy- 3-methylbut- l-yn-l-yl)-3-(l -methyl- 3- (4-

methylpiperazine-l-sulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)carbamate
resulting crude product was basified to pH~8 with 1M aqueous NaHC0

3

(56D). The

and extracted with
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ethyl acetate. The organic layer was dried over Na2S0 4 , filtered, concentrated in vacuo, and
taken to the next step without further purification.
Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-vn-l-yl)-3-(l-methyl-3-(4-methylpiperazine-l-sulfonamido)-lH-indazol-7yl)pyridin-2- yl)ethyl)acetamide (56F) :
[0527]

To a solution of crude (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-

hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol-3-yl)-4-methylpiperazine-lsulfonamide (56E, 62.9 mg, 0.101 mmol assuming 100% purity) and DIPEA (17.5 µ , 0.101
mmol) in acetonitrile (2 mL) was 2,5-dioxopyrrolidin-l-yl 2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetate
(56A, 38.3 mg, 0.101 mmol). After stirring for 1 h, the reaction mixture was filtered and

purified by reverse phase HPLC to provide the title product as a mixture of atropisomers. 1H
NMR (400 MHz, Methanol-^) δ 8.01 (dd), 7.87 - 7.77 (m), 7.73 - 7.52 (m), 7.28 - 7.15 (m),
6.95 (dd), 6.76 - 6.61 (m), 6.46 - 6.41 (m), 6.19 - 6.11 (m), 5.24 (dd), 5.03 - 4.90 (m), 4.78 (d),
3.91 - 3.67 (m), 3.36 (s), 3.13 (dq), 3.00 (s), 2.94 - 2.87 (m), 2.75 (dd), 2.70 (s), 2.60 - 2.45 (m),
1.65 (s), 1.64 (s), 1.49 - 1.38 (m), 1.15 - 0.94 (m). MS (m/z) 888.35 [M+H] + .

Example 57.

Synthesis of N-((S)-l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b A4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol-l-yl)acetamide
[0528]

(57):

The title compound (57) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 55B and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, Chloroform-d) δ
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8.02 (s), 7.54 - 7.37 (m), 7.10 (d), 7.07 - 6.99 (m), 6.75 (d), 6.72 (t), 6.67 - 6.56 (m), 6.51 6.44 (m), 6.25 - 6.13 (m), 6.02 (d), 5.56 (q), 5.01 (td), 4.75 - 4.69 (m), 3.08 (s), 2.98 - 2.86
2.80 (s), 2.55 - 2.39 (m), 1.71 (s), 1.42 (q), 1.22 - 1.14 (m). MS

(m/z)

742.8 [M+H] + .

Example

Synthesis of 7-bromo-4-iodo-l-methyl-lH-indazol-3-amine

[0529]

(58B):

The title compound (58B) was prepared according to the method presented for the

synthesis of compound 19B of Example 19 utilizing 58A. MS (m/z) 352.4 [M+H] + .
Synthesis of 7-bromo-l,4-dimethyl-lH-indazol-3-amine

(58C):
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[0530]

To 58B (3.0 g, 8.5 mmol) in dioxane (10 mL) and DMF (10 ml) was added

Trimethylboroxine (4.8 ml, 34.1 mmol), 2M K2C0 3 in water (8.5 ml), and Pd(PPh 3)2Cl2 (600
mg, 0.8 mmol). The reaction mixture was stirred for 5 hours at 160 °C. The reaction was cooled,

diluted with EtOAc and brine. The mixture was extracted 2X with EtOAc, the organic layer was
dried over sodium sulfate, concentrated and purified by flash column chromatography to provide
the title compound. MS (m/z) 240.1 [M+H] + .
Synthesis of l,4-dimethyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-amine
(58D):

[0531]

The title compound (58D) was prepared according to the method presented for the

synthesis of compound 19C of Example 19 utilizing 58C. MS (m/z) 288.2 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3-(3-amino-l,4-dimethyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut- 1-yn- l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0532]

(58E):

The title compound (58E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing 58D. MS (m/z)
576.2 [M+H] + .
Synthesis of (S)-4-(5-(3-amino-l,4-dimethyl-lH-indazol-7-yl)-6-(
difluorophenyl)ethyl)pyridin-2-yl)-2-methylbut-3-vn-2-ol
[0533]

l-amino-2-(3,5-

(58F):

The title compound (58F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 58E. MS (m/z)
476.1 [M+H] + .

Synthesis of N-((S)-l-(3-(3-amino-l,4-dimethyl-lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-lvn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
(58G):

[0534]

The title compound (58G) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 58F and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (Methanol-^) δ : 8.68 - 8.57

(m), 7.69 - 7.45 (m), 7.06 (d), 6.85 (d), 6.80 (d), 6.76 - 6.66 (m), 6.66 - 6.53 (m), 6.45 (d), 6.38
(d), 6.31 (d), 5.26 (s), 5.08 - 4.98 (m), 4.73 (d), 3.27 - 3.19 (m), 3.16 (s), 3.06 (dd), 2.91 (dd),

2.84 (s), 2.74 - 2.66 (m), 2.53 - 2.38 (m), 1.64 (d), 1.43 - 1.24 (m), 1.12 - 0.98 (m). MS (m/z)
722.2 [M+H] + .
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Example

Synthesis of (R)-tert-butyl 4-((5-bromo-6-((S)-l-(2-((3bS^aR)-5,5-dMuoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)pyridin-2-yl)ethynyl)-2,2-dimethyloxazolidine-3-carboxylate
[0535]

(59A):

The title compound was prepared similarly to compound 14D in example 14 utilizing

(R)-tert-butyl 4-ethynyl-2,2-dimethyloxazolidine-3-carboxylate

instead of 2-methylbut-3-yn-2-

ol. MS (m/z) 799 [M-H] .

Synthesis of N- S -l -(' 6-(' (' R)-3-amino-4-hvdroxybut-l-vn-l-yl)-3-(

' l-methyl-3-

(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2clpyrazol-l-yl)acetamide
[0536]

(59B):

To a solution of 59A (110 mg, 0.13 mmol) in dioxane (3 mL) was added 20C (67 mg,

0.19 mmol), sodium bicarbonate (1M, 0.41 mL) followed by PdCl 2 [P(Ph) 3]2 (4.8 mg, 0.06
mmol). The reaction was sealed and heated in a microwave reactor for 20 min at 150°C. Upon
cooling, the reaction mixture was first diluted with EtOAc and washed with brine (2 x 10 mL),
dried over Na2S0 4 , filtered and concentrated. The crude material purified by reverse phase
HPLC. Fractions containing the product were pooled and treated with neat TFA to give the title
compound 59B as a mixture of atropisomers. 1H NMR (400 MHz, cd3od) δ 7.89 - 7.73 (m),
7.69 - 7.60 (m), 7.32-7.27 (m), 7.25-7.15 (m), 7.10 -7.07 (m), 6.80-6.70 (m), 6.69 -6.47 (m),
6.50 (d), 6.40 - 6.28 (m,), 5.32-5.25 (m), 5.05 - 4.96 (m), 4.80 - 4.72 (d), 4.52 - 4.44 (m), 4.09
- 3.98 (m), 3.94 - 3.84 (m), 3.21 - 3.08 (m), 3.05 - 2.89 (m), 2.59 - 2.37 (m), 1.46 - 1.35 (m),
1.11 (s), 1.04 (s). MS (m/z) 805.1 [M+H] + .

Example 60.
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,4lcvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(l-methyllH-pyrazol-4-yl)-3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2yl)ethyl)acetamide (60):
[0537]

In a microwave tube were charged with compound 61A ( 20 mg, 0.026 mmol), 1-

methyl-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-pyrazole

( 1 1 mg, 0.053 mmol) and

PdCl 2 [PPh3]2 (2 mg, 0.003 mmol). To the mixture was added 0.5 mL of 1,4-dioxane and 0.1 mL
of sodium bicarbonate aqueous solution (1M). The mixture was heated to 120 C for 4 minutes
in a microwave synthesizer. After cooled to room temperature, it was partitioned between
EtOAc and water. The organic layer was separated and washed with brine, then dried over
MgS0 4 , filtered and concentrated. The residue was purified by reverse phase HPLC to afford the
title compound 60 as a mixture of atropisomers 1H NMR (400 MHz, Methanol-<i4) δ 8.43 - 8.29
(m), 8.28 - 8.09 (m), 7.91 - 7.72 (m), 7.76 - 7.58 (m), 7.15 - 7.00 (m), 6.82 - 6.68 (m), 6.53

(dd), 6.36 - 6.14 (m), 5.39 - 5.18 (m), 5.08 - 4.91 (m), 4.84 (d), 4.02 (d), 3.38 (s), 3.23 - 3.14
(m), 3.14 (s), 3.01 (d), 2.93 (dd), 2.63 - 2.30 (m), 1.50 - 1.26 (m), 1.17 - 0.79 (m). MS
(

z):

802.16 [M+H] +

Exam le 61.

61A

6 1B
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Synthesis of N-((S)-l-(6-chloro-3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2- - S -dif oro hen

eth

- - SbS a

-

-dif oro-S- rif orometh

tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0538]

-Sb

a -

(61A).

The title compound (61A) was prepared according to the method presented for the

synthesis of compound 157F of Example 157 utilizing N-(l-methyl-7-(4,4,5,5-tetramethyl-l,3,2dioxaborolan-2-yl)-lH-indazol-3-yl)methanesulfonamide

(33C) instead of 19D. MS (m/z) 756.1

[M+H] + .

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3(dimethylamino)prop-l-yn-l-yl)-3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin2-yl)ethyl)acetamide (61B):
[0539]

To the reaction vial containing 61A (20 mg, 0.026 mmol) in DMF (0.2 mL) was added

N,N-dimethylprop-2-yn-l -amine (11 mg, 0.13 mmol), PdCl 2 [P(Ph) 3]2 (1.87 mg, 0.003 mmol),
and diethylamine (0.02 mL, 0.26 mmol). The reaction mixture was flushed with argon gas for 5
min then sealed and heated in a microwave reactor to 125°C for 15 min. Upon cooling, the
reaction mixture was filtered and purified by reverse phase HPLC to provide the title product as
a mixture of atropisomers. 1H NMR δ 8.70 (m), 7.90 - 7.76 (m), 7.70 (d), 7.16 (m), 6.75 (tt),
6.57 (dd), 6.41 - 6.28 (m), 5.35-5.25 (m), 5.08 - 4.97 (m), 4.82 - 4.68 (m), 4.47 (d), 3.30 - 3.06
(m), 3.05 - 2.88 (m), 2.54 - 2.43 (m), 1.48 - 1.35 (m ), 1.15-1.11 (m), 1.09 - 1.00 (m). MS

(m/z) 803.2 [M+H] + .

Example 62.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentarL2-clpyrazol-l-yl)-N-((lS)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3,4-dimethylpent-l-vn-l-yl)-3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2vPethvPacetamide (62):
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[0540]

The title compound (62) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 61 of Example 6 1 utilizing 3,4-dimethylpent-lyn-3-ol. 1H NMR (400 MHz, cd3od) δ 8.73 (m), 7.83-7.79 (m), 7.75-7.70 (m), 7.60-7.54 (m),
7.277.12 (m), 7.05 (t), 6.65 (t), 6.61 (t), 6.52 (t), 6.35-6.21 (m), 5.35-5.21 (m), 5.06 - 4.97 (m),
4.85 - 4.70 (m), 3.34 (s), 3.20 - 3.08 (m), 3.01 - 2.88 (m), 2.56 - 2.38 (m), 2.01 - 1.89 (m), 1.60
- 1.54 (d), 1.46 - 1.34 (m), 1.21 - 1.09 (m), 1.08 - 1.03 (m). MS (m/z) 832.1 [M+H] + .
Example 63.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(4-hvdroxy3,3-dimethylbut-l-yn-l-yl)-3-(l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2yl)ethyl)acetamide (63):

[0541]

The title compound (63) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 61 of Example 6 1 utilizing 2,2-dimethylbut-3yn-l-ol. 1H NMR (400 MHz, cd3od) δ 8.65 (d), 7.83 (m), 7.66 (dd), 7.51 (dd), 7.08 (dd), 6.73
(tt), 6.50 (dt), 6.38 - 6.26 (m), 5.35-5.25 (m), 4.98 (t), 4.85 - 4.71 (m), 3.57 (s), 3.33 (s), 3.15
(d), 3.04 - 2.87 (m), 2.54 - 2.43 (m), 1.36 (s), 1.12 - 1.02 (m). MS (m/z) 818.2 [M+H] + .

Example 64.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((lS)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy-
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4-methylpent- 1-yn- l-yl)-3-(l-methyl-3-(methylsulfonamido)-

lH-indazol-7-yl)pyridin-2-

yl)ethyl)acetamide (64):
[0542]

The title compound (64) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 6 1 of Example 6 1 utilizing 4-methylpent- 1-yn3-ol. 1H NMR (400 MHz, cd3od) δ 8.74 (d), 8.67 (d), 7.88 - 7.79 (m), 7.75 - 7.66 (m), 7.60 -

7.50 (m), 7.14 - 7.05 (m), 6.78 - 6.68 (m), 6.53 (ddt), 6.41 - 6.29 (m),5.31-5.25 (m), 5.06 - 4.95
(m), 4.78 (d), 4.45 - 4.38 (m), 3.34 (s), 3.15 (d), 3.03 - 2.88 (m), 2.55 - 2.43 (m), 2.06 - 1.91
(m), 1.39 (q), 1.18 - 1.10 (m), 1.07 (d). MS (m z) 818.1 [M+H]+.

Example 65.

65

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(3-(l-methyl-3(l-methyl-lH-imidazole-4-sulfonamido)-lH-indazol-7-yl)-6-vinylpyridin-2-yl)ethyl)acetamide
65 :

[0543]

Argon was bubbled through a solution of N-((S)-l-(6-chloro-3-(l-methyl-3-

(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetamide

(61A, 100 mg, 0.13 mmol), potassium vinyltrifluoroborate (35.4 mg,

0.26 mmol), dichloro l,l'-bis(diphenylphosphino)ferrocene

palladium (II) dichloromethane

(10.8 mg, 0.01 mmol), and triethylamine (0.06 ml, 0.43 mmol) in EtOH (2.6 ml) for 5 mins. The
reaction was heated in a microwave reactor at 150 °C for 20 mins. The product was solid loaded
onto silica and purified by silica gel chromatography followed by re-purification by reverse
phase HPLC to provide the title product as a mixture of atropisomers.

H NMR (400 MHz,
1

Methanol- dA) δ 7.85 - 7.78 (m), 7.67 - 7.62 (m), 7.55 - 7.48 (m), 7.24 - 7.14 (m), 7.11 - 7.05
(m), 7.04 - 6.94 (m), 6.76 - 6.67 (m), 6.64 - 6.56 (m), 6.56 - 6.34 (m), 6.33 - 6.24 (m), 5.67 -

5.58 (m), 5.31 - 5.23 (m), 5.03 - 4.95 (m), 4.86 - 4.75 (m), 3.34 (s), 3.32 - 3.28 (m), 3.24 - 3.09
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(m), 3.02 - 2.85 (m), 2.57 - 2.41 (m), 1.41 (m), 1.35 - 1.24 (m), 1.17 - 1.10 (m), 1.10 - 1.03
(m). MS (m/z) 748.15 [M+H] + .

Example 66.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-ethyl-3hydroxypent- 1-yn- l-yl)-3-(l-methyl-3-(methylsulfonamido)-

lH-indazol-7-yl)pyridin-2-

yl)ethyl)acetamide (66):

[0544]

The title compound (66) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 61 of Example 6 1 utilizing 3-ethylpent-l-yn-3ol. 1H NMR (400 MHz, cd3od) δ 7.83 (td), 7.74 - 7.65 (m), 7.54 (dd), 7.28 - 7.05 (m), 6.78 -

6.67 (m), 6.62 (s), 6.54 (dd), 6.35 (ddd), 5.00 (t), 5.32-5.25 (m), 4.84 - 4.70 (m), 3.34 (s), 3.15
(d), 3.03 - 2.88 (m), 2.55 - 2.42 (m), 1.93 - 1.73 (m), 1.41 (dq), 1.16 (td), 1.10 - 1.01 (m). MS

(m/z) 832.1 [M+H] + .
Example 67.
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Synthesis of l-(ailyloxy)but-3-en-2-ol (67B):
[0545]

The epoxide 67A (3.5 g, 50 mmol) and allyl alcohol (5.8 g, 100 mmol) were dissolved

in DMF (100 mL) in a pressure bottle. After cooled to 0 °C, NaH (60% suspension in mineral
oil, 2.4 g) was added portionwise, stirred for 20 min under argon. The bottle was sealed and

heated at 60 °C overnight. The reaction was cooled to 0 °C in an ice bath, quenched with 100
mL 2N HCl. The aqueous layer was extracted 3 times with ether (3X100 mL). The combined
ether were washed with 5% LiCl and brine, dried over Na2 S0 4 , filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column to yield the title compound
67B. 1H NMR (400 MHz, Chloroform-d) δ 6.00 - 5.74 (m, 2H), 5.45 - 5.08 (m, 4H), 4.31 (tdd,

J = 7.0, 3.2, 1.5 Hz, 1H), 4.02 (dt, J = 5.7, 1.4 Hz, 2H), 3.49 (dd, J = 9.7, 3.4 Hz, 1H), 3.32 (dd, J
= 9.7, 7.9 Hz, 1H), 2.56 (s, 1H).
Synthesis of 3,6-dihydro-2H-pyran-3-ol (67C):
[0546]

The title compound (67C) was prepared according to reference: Angew. Chem. Intl.

Ed. 2005, 44, 5306-5310. 1H NMR data:lH NMR (400 MHz, Chloroform-d) δ 6.06 - 5.81 (m,

2H), 4.19 - 3.99 (m, 2H), 3.98 - 3.89 (m, 1H), 3.86 - 3.66 (m, 2H), 2.77 - 2.57 (m, 1H).

Synthesis of 2H-pyran-3(6H)-one (67D):
[0547]

The title compound (67D) was prepared according to reference: Angew. Chem. Intl.

Ed. 2005, 44, 5306-5310.
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Synthesis of 3-oxabicyclor4.1.01heptan-5-one (67E):
[0548]

To a suspension of NaH (60% in mineral oil, 0.19 g) in DMSO (20 mL) was added

trimethylsulfonium iodide (1.75 g, 8 mmol) at room temperature. After stirring for 15 min, a
solution of 67D (0.6 g, 6 mmol) in DMSO (5 mL) was added. After stirring at room
temperature for 5 min, the reaction mixture was diluted with ethyl acetate and washed with 5%
LiCl aqueous solution. The organic layers were dried over Na2S0 4 , filtered, concentrated in

vacuo, and purified by silica gel column chromatography to give the title compound. 1H NMR
(400 MHz, Chloroform-d) δ 4.22 - 4.03 (m, 2H), 3.80 (s, 1H), 3.76 (d, J = 6.0 Hz, 1H), 1.95

(ddd, J = 9.8, 7.5, 4.7 Hz, 1H), 1.85 - 1.71 (m, 2H), 1.23 (ddd, J = 9.8, 7.1, 4.4 Hz, 1H).

Synthesis of 3-(trifluoromethyl)-5,5a,6,6a-tetrahydro- lH-cyclopropar4,51pyranor3,2-clpyrazole
(67F):

[0549]

A solution of compound 67E (90 mg, 0.8 mmol) and ethyl trifluoroacetate (0.16 g, 1.2

mmol) in ether was cooled to -78 °C. LiHMDS (0.18 g, 1 mmol) was added in one portion. The
resulting mixture was stirred at -78 °C for 2 h . The reaction was poured into 1 N HC1 aqueous
solution and the aqueous layer was extracted with ether. The organic layers were dried over
Na2S0 4 , filtered, concentrated in vacuo to give the title compound which was used without
further purification. MS (m z) 209.06 [M+H] + .
[0550]

To a solution of crude from last step in ethanol (20 mL) was added concentrated

sulfuric acid (0.5 mL) and hydrazine monohydrate ( 1 mL). The resulting mixture was heated at
90 °C for 5 min. Upon completion of the reaction, the volatiles were removed in vacuo to give

the title compound which was used in the next step. MS (m/z) 205.18 [M+H] + .
Synthesis of ethyl 2-(3-(trifluoromethyl)-5,5a,6,6a-tetrahvdro-lH-cvclopropar4,51pyranor3,2clpyrazol-l-vPacetate (67G):
[0551]

To a solution of compound 67F (100 mg, 0.49 mmol) in DMF (2 mL) was added

bromoethyl acetate (98 mg, 0.59 mmol) and cesium carbonate (160 mg, 0.5 mmol) at 0 °C. The
reaction was heated at 50 °C overnight. Upon cooling, the mixture was purified by reverse
phase HPLC to give the title compound. . MS (m/z) 291.19 [M+H] + .
Synthesis of 2-(3-(trifluoromethyl)-5,5a,6,6a-tetrahydro- lH-cyclopropar4,51pyranor3,2clpyrazol-l-vPacetic acid (67H):
[0552]

To a solution of compound 67G (16 mg, 0.055 mmol) in a mixture of

THF:water:MeOH ( 1 mL : 0.5 mL : 0.5 mL) was added solid LiOH monohydrate (7 mg, 0.165
mmol) at 0 °C. After stirring at room temperature for 10 min, the reaction mixture was poured
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into EtOAc and the organic was washed with 2 N HCl. The organic layers were dried over
Na2S0 4 , filtered, concentrated in vacuo to give the title compound which was used in the next
step. MS (m/z) 263.04 [M+H] + .

Synthesis of N- S -2-(' 3,5-difluorophenyl)-l-( ' 6-(' 3-hvdroxy-3-methylbut-l-vn-l-yl)-3-(

'l -

methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)-2-(3-(trifluoromethyl)5,5a,6,6a-tetrahydro-lH-cyclopropar4,51pyranor3,2-clpyrazol-l-yl)acetamide
[0553]

(671):

The title compound (671) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 2-(3(trifluoromethyl)-5,5a,6,6a-tetrahydro-lH-cyclopropa[4,5]pyrano[3,2-c]pyrazol-l-yl)acetic

acid

(67H) and compound 33E . 1H NMR (400 MHz, Methanol-^) δ 7.93 - 7.78 (m), 7.75 - 7.65

(m), 7.61 - 7.45 (m), 7.39 - 6.98 (m), 6.73 (tq), 6.68 - 6.56 (m), 6.34 (tdd), 5.43 - 4.93 (m), 4.83

- 4.71 (m), 4.30 - 3.97 (m), 3.22 - 3.00 (m), 3.02 - 2.76 (m), 2.10 - 1.70 (m), 1.16 (dddd), 0.86
- 0.64 (m). MS (m/z) 784.34 [M+H] + .
Example 68
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Synthesis of N-(7-bromo-l-methyl-lH-indazol-3-yl)-2,2,2-trifluoroacetamide
[0554]

To a solution of 7-bromo-l-methyl-lH-indazol-3-amine

(68A):

(33A, 500 mg, 2.21 mmol)

and N,N-diisopropylethylamine (0.578 mL, 3.32 mmol) in dichloromethane (5 ml) was added
dropwise at 0 °C trifluoro acetic anhydride (697 mg, 3.32 mmol). The reaction was warmed to
room temperature and stirred for 30 min. The reaction mixture was washed with water. The
aqueous layer was back-extracted with dichloromethane. The combined organic layers were
dried over Na2S0 4 , filtered, concentrated in vacuo, and purified by silica gel column
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chromatography to give the title compound. 1H NMR (400 MHz, Chloroform-J) δ 8.51 (s, 1H),
7.87 (d, 1H), 7.60 (d, 1H), 7.01 (t, 1H), 4.37 (s, 3H).

Synthesis of N-(7-bromo-l-methyl-lH-indazol-3-yl)-2,2,2-trifluoro-N-methylacetamide
[0555]

(68B):

To a stirred solution of N-(7-bromo-l -methyl- lH-indazol-3-yl)-2,2,2-

trifluoroacetamide (68A, 100 mg, 0.31 mmol) in DMF (0.6 ml) was added potassium t-butoxide
(36.6 mg, 0.33 mmol). The reaction was sonicated until the solution became homogeneous and

the reaction was stirred at room temperature for 30 mins. To the reaction was added
iodomethane (29 µ , 0.47 mmol). After stirring for 1 h, the reaction was diluted with ethyl
acetate and washed with water, followed by 0.5M aqueous NaCl. The combined organic layers
were dried over Na2S0 4 , filtered, and concentrated in vacuo. The crude product was used in the
next step without further purification.
Synthesis of 7-bromo-NJ-dimethyl-lH-indazol-3-amine
[0556]

(68C):

To a solution of N-(7-bromo-l-methyl-lH-indazol-3-yl)-2,2,2-trifluoro-N-

methylacetamide (68B, 104 mg) in methanol (3 ml) was added 8M NaOH (46.6 µ ΐ ) . After
stirring for 30 mins, the solution was concentrated, extracted with ethyl acetate (4 mL) and

washed water (4 mL), followed by 2M aqueous NaCl (4 mL). The organic layer was dried over
Na2S0 4 , filtered, and concentrated in vacuo. The crude product was used in the next step
without further purification. MS ( /z) 240.15 [M+H] + .
Synthesis of NJ-dimethyl-7-(4,4,5,5-tetramethyl-L3,2-dioxaborolan-2-yl)-lH-indazol-3-amine
(68D):

[0557]

The title compound (68D) was prepared according to the method presented for the

synthesis of compound 19C of Example 19 utilizing 7-bromo-N,l-dimethyl-lH-indazol-3-amine
(68C). MS (m/z) 288.22 [M+H] + .

Synthesis of ((S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hydroxy-3-methylbut-l-yn-l-yl)-3(l-methyl-3-(methylamino)-lH-indazol-7-yl)pyridin-2-yl)ethyl)carbamate
[0558]

(68E):

The title compound (68E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 55A of Example 55 utilizing N,l-dimethyl-7(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-amine

(68D). MS (m/z) 576.06

[M+H] + .

Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(l-methyl-3-(methylamino)-lHindazol-7-yl)pyridin-2-yl)-2-methylbut-3-yn-2-ol (68F):
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[0559]

The title compound (68F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 14C of Example 14 utilizing ((S)-tert-butyl (2(3,5-difluorophenyl)-l-(6-(3-hydroxy-3-methylbut-l-yn-l-yl)-3-(l-methyl-3-(methylamino)-lHindazol-7-yl)pyridin-2-yl)ethyl)carbamate

(68E). MS

(m/z)

476.13 [M+H] +.

Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(l-methyl-3-(methylamino)-lH-indazol-7-yl)pyridin-2yl)ethyl)acetamide (68G):

[0560]

The title compound (68G) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing (S)-4-(6-(l-amino-2-(3,5difluorophenyl)ethyl)-5-(l-methyl-3-(methylamino)-lH-indazol-7-yl)pyridin-2-yl)-2-methylbut3-yn-2-ol (68F) and 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, Methanol-^) δ

7.90 - 7.86 (m), 7.86 - 7.80 (m), 7.71 (dd), 7.55 (dd), 7.34 (d), 7.22 - 7.12 (m), 6.84 - 6.77 (m),
6.77 - 6.70 (m), 6.70 - 6.67 (m), 6.66 - 6.62 (m), 6.56 (s), 6.54 (s), 6.47 - 6.41 (m), 6.36 - 6.29
(m), 5.22 (dd), 5.05 (t), 4.76 (d), 4.71 (s), 3.30 - 3.22 (m), 3.14 - 3.03 (m), 3.03 - 2.91 (m), 2.85
(s), 2.46 (ddt), 1.64 (s), 1.44 - 1.33 (m), 1.11 - 0.97 (m). MS (m/z) 722.18 [M+H] + .

Example 69.

Synthesis of N-((S)-l-(3-(3-aminobenzordlisoxazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-lyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

[0561]

(69):

The title compound (69) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing tert-butyl (7(4,4,5, 5-tetramethyl-l,3,2-dioxaborolan-2-yl)benzo[d]isoxazol-3-yl)carbamate

and 2-

((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, cd3od) δ 7.80
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(dd), 7.69 (d), 7.54 - 7.40 (m), 7.33 (dt), 6.57 (ddd), 6.36 - 6.27 (m), 5.31 (t), 4.82 (s), 3.13 -

2.96 (m), 2.52 - 2.43 (m), 1.63 (s), 1.45 - 1.35 (m), 1.15 - 1.07 (m). MS (m z) 713.3 [M+H] + .
Example

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(sulfamoylamino)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- 1-vPacetamide (70) :
[0562]

Compound 57 (20 mg, 0.03 mmol) was dissolved in ACN (0.5 ml) and cooled in a salt-

ice bath to -10 °C. The reaction solution was treated with DABCO (6 mg, 0.05 mmol) then a
solution of sulfamoyl chloride (5 mg, 0.04 mmol) in ACN (0.2 ml) and let warm to ambient
temperature. After 1 h, an additional aliquot of DABCO (2 eq) and sulfamoyl chloride (1.5 eq)
were added. After another 1.5 hr, the reaction was diluted with KH2P0 4 buffer and partitioned
between brine and EtOAc. The organics were separated, dried, and removed in vacuo. The
residue was purified by reverse phase HPLC to provide the title compound as a mixture of
atropisomers. 1H NMR (400 MHz, Methanol- d 4 ) δ 8.69 (d), 7.68 (dd), 7.53 (dd), 7.19 - 7.10
(m), 7.06 (d), 6.87 - 6.52 (m), 6.49 - 6.31 (m), 5.35 - 5.22 (m), 5.05 - 4.94 (m), 4.79 - 4.65 (m),

3.24 (dd), 3.12 (dd), 3.04 - 2.91 (m), 2.45 (ddt), 1.64 (d), 1.44 - 1.32 (m), 1.12 - 0.99 (m). MS
(

z ) 820.9 [M+H] + .

Example
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Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropa 3 41cyclopenta i 2-c1pyrazol-l -yl)-N
dimethyl-3-(sulfamoylamino)- lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-

1-yn- l-yl)pyridin-2-

yl)ethyl)acetamide (71):
[0563]

The title compound (71) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 70 in Example 70 utilizing compound 58. 1H NMR (400
MHz, Methanol- d 4 ) δ 8.71 - 8.54 (m), 7.73 - 7.60 (m), 7.57 - 7.45 (m), 7.08 (d), 7.00 - 6.89
(m), 6.89 - 6.77 (m), 6.77 - 6.64 (m), 6.66 - 6.56 (m), 6.54 (s), 6.44 (d), 6.41 - 6.33 (m), 6.33 -

6.25 (m), 5.40 - 5.29 (m), 5.08 - 4.94 (m), 4.75 - 4.67 (m), 3.12 - 2.86 (m), 2.86 - 2.74 (m),

2.54 - 2.35 (m), 1.44 - 1.29 (m), 1.12 - 0.98 (m). MS (

z) 801.0 [M+H] + .

Example 72.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(lH-indazol-4-yl)pyridin-2-yl)ethyl)acetamide
[0564]

(72):

The title compound (72) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing 4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan2-yl)-lH-indazole and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, cd3od) δ 8.74

(d), 8.61 (m), 7.63 (dd), 7.56 - 7.46 (m), 7.39 (dd), 7.32 (dd), 6.99 (d), 6.72 (tt), 6.56 - 6.45 (m),
6.31 (d), 6.27 - 6.20 (m), 5.44 - 5.34 (m), 5.10 - 4.99 (m), 4.93 - 4.83 (m), 4.76 (s), 3.18 - 3.04

(m), 2.97 - 2.83 (m), 2.58 - 2.42 (m), 1.86 (s), 1.67 - 1.57 (m), 1.48 - 1.33 (m), 1.15 (s), 1.08
(s). MS (m/z) 697.2 [M+H] + .

Example 73.
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Synthesis of N-((S)-l-(3-(l-aminoisoquinolin-5-yl)-6-(3-h^
yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide
[0565]

(73):

The title compound (73) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 33F of Example 33 utilizing 5-(4,4,5,5tetramethyl-l,3,2-dioxaborolan-2-yl)isoquinolin-l-amine

and 2-((3bS,4aR)-5,5-difluoro-3-

(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
acid. 1H NMR (400 MHz, cd3od) δ 8.89 (d), 8.76 (d), 8.47 (d), 7.90 - 7.84 (m), 7.81 - 7.73 (m),

7.68 - 7.50 (m), 7.32 (dd), 7.07 (dd), 6.81 - 6.69 (m), 6.63 - 6.53 (m), 6.48 (dd), 6.35 - 6.25
(m), 6.05 (dd), 5.07 (td), 4.86 - 4.71 (m), 3.25 - 3.09 (m), 3.03 - 2.92 (m), 2.55 - 2.45 (m), 1.65
(s), 1.48 - 1.38 (m), 1.16 - 1.07 (m). MS (

z) 723.3 [M+H] + .

Example

74C

Synthesis of N-(7-bromo-l-methyl-lH-indazol-3-yl)-N-(2,2-difluoroethyl)-2,2,2trifluoroacetamide (74A):
[0566]

To N-(7-bromo-l-methyl-lH-indazol-3-yl)-2,2,2-trifluoroacetamide

(150 mg, 0.47

mmol) in DCE (2 ml) was added iPr 2NEt (0.122 ml, 0.7 mmol) followed by 2,2-difluoroethyl
trifluoromethanesulfonate (100 mg, 0.47 mmol). The reaction was stirred 15 h at ambient
temperature. The reaction was partitioned between EtOAc and water. The organics were
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separated, dried, and removed in vacuo to provide the title compound which was used directly in
the next reaction. MS

(m/z)

387.9 [M+H] + .

Synthesis of 7-bromo-N-(2,2-difluoroethyl)-l -methyl- lH-indazol-3-amine (74B):
[0567]

N-(7-bromo- 1-methyl- lH-indazol-3-yl)-N-(2,2-difluoroethyl)-2,2,2-trifluoroacetamide

(0.18 g, 0.47 mmol) was dissolved in MeOH (2 ml) and treated with aqueous NaOH (1M, 3 ml).

After 10 min, the reaction was neutralized and partitioned between EtOAc and 20% aqueous
KH2PO4 . The organics were separated, dried, and removed in vacuo to provide the title
compound which was used directly in the next reaction. MS (m/z) 290.1 [M+H] + .
Synthesis of N-(2,2-difluoroethyl)-l-methyl-7-(4,4,5,5-te1ramethyl-l,3,2-dioxaborolan-2-yl)lH-indazol-3-amine (74C):
[0568]

The title compound (74C) was prepared according to the method presented for the

synthesis of 27D in Example 27

Synthesis of N-((S)-l-(3-(3-((2,2-difluoroethyl)amino)-

[M+H] + .

1-methyl- lH-indazol-7-yl)-6-(3-

hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- 1-vPacetamide (74D) :
[0569]

The title compound (36C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 27G in Example 27 utilizing 14B and 74C. 1H NMR (400
MHz, Methanol-^) δ 7.75 (d), 7.67 (dd), 7.52 (dd), 7.18 (d), 7.04 (t), 6.95 (t), 6.85 - 6.49 (m),
6.39 - 6.26 (m), 6.26 - 6.20 (m), 6.12 - 6.04 (m), 5.99 - 5.91 (m), 5.32 - 5.22 (m), 5.05 (t), 4.74
(s), 3.79 - 3.56 (m), 3.23 - 3.11 (m), 3.07 (dd), 3.00 - 2.89 (m), 2.88 (s), 2.54 - 2.38 (m), 1.64
(s), 1.44 - 1.27 (m), 1.13 - 0.94 (m).

MS (m/z) 772.5 [M+H] + .
Example 75.
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Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropa 3 41cyclopenta i 2-c1pyrazol-l -yl)-N
methyl-3-(methylsulfonamido)- lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-

1-yn- l-yl)pyridin-

2-yl)ethyl)acetamide (75):
[0570]

The title compound (75) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 132C of Example 132 utilizing 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid. 1H NMR (400 MHz, cd3od) δ 8.68 (dd), 7.72 - 7.65 (m), 7.54 (d),
7.51 (d), 7.21 (dd), 6.87 - 6.81 (m), 6.80 - 6.71 (m), 6.69 (s), 6.66 - 6.59 (m), 6.58 (s), 6.55 (s),

6.45 - 6.34 (m), 5.35 - 5.27 (m), 5.03 - 4.96 (m), 4.88 (s), 4.77 (s), 4.72 (d), 3.27 - 3.08 (m),
3.03 - 2.92 (m), 2.56 - 2.37 (m), 1.94 (s), 1.64 (d), 1.44 - 1.26 (m), 1.13 - 1.06 (m), 1.05 - 0.98
(m). MS (m/z) 804.1 [M+H] + .

Example 76.

76A

76B

76C

Bis(pinacolato)diboron

76D

76E

Synthesis of 2-(3-bromopyridin-2-yl)-N-methylhydrazinecarbothioamide
[0571]

(76B):

3-Bromo-2-hydrazinylpyridine (1500 mg, 7.98 mmol) was dissolved in DCM (50 ml)

and treated with dropwise addition of methyl isothiocyanate (700 mg, 9.57 mmol) in DCM. The
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reaction was heated to 45 °C and stirred for 2 hr. After cooling to ambient temperature, the
solids were filtered to provide the title compound. MS (m/z) 261.0 [M+H] + .
Synthesis of 8-bromo-N-methyl -ri ,2,41triazolor4,3-alpyridin-3-amine (76C):
[0572]

2-(3-Bromopyridin-2-yl)-N-methylhydrazinecarbothioamide

(1.6 g, 6.1 mmol) was

treated with EDCI HC1 (1.76 g, 9 mmol) in toluene and heated to 105 °C. After 1 hr, the hot
toluene was decanted. To the residue was added H20 (50 ml). The slurry was mixed thoroughly
and heated to 100 °C for 15 min. After cooling to 0 °C, the resultant solids were filtered to
provide the title compound. MS

(m/z)

22 ' . 1 [M+H] + .

Synthesis of tert-butyl (8-bromo -ri ,2,41triazolor43-alpyridin-3-yl)(methyl)carbamate
[0573]

8-bromo-N-methyl-[l,2,4]triazolo[4,3-a]pyridin-3-amine

(76D):

(0.55 g, 2.42 mmol) was

dissolved in DMF (10 ml) and treated with KHMDS (0.58 g, 2.91 mmol). Di-tert-butyl
dicarbonate (0.79 g, 3.63 mmol) was then added. The reaction was stirred at ambient
temperature for 2 d . The reaction was partitioned between EtOAc and water. The organics were
separated, dried, and removed in vacuo and the residue was purified by column chromatography
on silica to provide the title compound. MS

(m/z)

326.9 [M+H] + .

Synthesis of (3-((tert-butoxycarbonyl)(methyl)amino )- i ,2^1triazolor4,3-alpyridin-8-yl)boronic
acid (76E):
[0574]

tert-Butyl (8-bromo-[l,2,4]triazolo[4,3-a]pyridin-3-yl)(methyl)carbamate

(0.46 g, 1.41

mmol) was combined with bis (pinacolato) diboron (0.54 g), KOAc (0.41 g, 0 mol), and
PdCl 2(PCy3)2 (0.05 g) in dioxane and DMF. Argon was bubbled into the reaction mixture for 10
min and then heated to 140 deg C for 2 h . The reaction was partitioned between EtOAc and
water. The organics were separated, dried, and removed in vacuo to provide the title compound
as a crude product contaminated with byproducts. The material was used directly in the

following reaction. MS (m/z) 293.

+.

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-

250

3-methylbut-l-vn-l-yl)-3-(3-(mem^
vDethyDacetamide (76F):
[0575]

The title compound (76F) was prepared according to the method presented for the

synthesis of 27G in Example 27 utilizing 14B and 76E. 1H NMR (400 MHz, Methanol- d 4 ) δ
8.88 (d), 8.22 (d), 7.75 (d), 7.56 (d), 7.37 (s), 7.18 (t), 6.67 (t), 6.70 - 6.59 (m), 6.55 - 6.44 (m),
5.31 - 5.17 (m), 4.69 (d), 3.23 - 3.08 (m), 2.55 - 2.39 (m), 1.63 (s), 1.46 - 1.25 (m), 1.08 - 1.00

(m). MS (m/z) 709.2 [M+H] + .

Example 77.

Synthesis of 3-amino-7-bromo-l-methyl-lH-indazole-4-carbonitrile
[0576]

(77A):

To 58B (3 g, 8.5 mmol) in dioxane (32 mL) and DMF (32 ml) was added zinc (6.7 g,

102.3 mmol) and Pd(PPh 3)2Cl2 (600 mg, 0.9 mmol). The reaction mixture was stirred at 160 °C

and ZnCN 2 (500 mg, 4.3 mmol) was added to the reaction. After an hour another aliquot of
ZnCN 2 (500 mg, 4.3 mmol) was added. The reaction was cooled, diluted with EtOAc and brine.
The mixture was extracted 2X with EtOAc, the organic layer was dried over sodium sulfate, was
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concentrated and purified by flash column chromatography to provide the title compound. MS
(m/z)

251.1 [M+H] + .

Synthesis of 3-amino-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazole-4carbonitrile (77B):
[0577]

The title compound (77B) was prepared according to the method presented for the

synthesis of compound 19C of Example 19 utilizing 77A. MS (m/z) 299.3 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3-(3-amino-4-cyano-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut- 1-yn- l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0578]

(77C):

The title compound (77C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing 77B. MS

(m/z)

587.0 [M+H] + .
Synthesis of (S)-3-amino-7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazole-4-carbonitrile
[0579]

(77D):

The title compound (77D) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 77C. MS (m/z)
487.2 [M+H] + .
Synthesis of N-((S)-l-(3-(3-amino-4-cvano-l

-methyl- lH-indazol-7-yl)-6-(3-hydroxy-3-

methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-yl)acetamide
[0580]

(77E):

The title compound (77E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 77D and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (Chloroform-d) δ : 7.54 (t),

7.52 - 7.45 (m), 7.33 (d), 7.19 (t), 6.85 (t), 6.71 - 6.62 (m), 6.49 (d), 6.24 - 6.17 (m), 6.15 (d),
5.47 (d), 4.99 - 4.88 (m), 4.78 - 4.68 (m), 3.12 (s), 3.03 - 2.94 (m), 2.92 (s), 2.56 - 2.39 (m),
1.72 (s), 1.42 (q), 1.21 - 1.10 (m) MS (m/z) 733.3 [M+H] + .

Example 78.
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Synthesis of N-((S)-l-(3-(4-chloro4-methyl-3-(methylsu^^
hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazoll-yl)acetamide (78):
[0581]

The title compound (78) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19G of Example 19 utilizing 2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazoll-yl)acetic acid. 1H NMR (Chloroform-J) δ : 7.60 - 7.46 (m), 7.32 - 7.24 (m), 7.24 - 7.15 (m),
6.92 (d), 6.71 - 6.62 (m), 6.48 (s), 6.27 - 6.17 (m), 6.08 (d), 5.55 (d), 4.98 (q), 4.79 (d), 4.73 (d),
3.56 (d), 3.40 (d), 3.27 (s), 3.07 - 2.91 (m), 2.66 - 2.40 (m), 1.71 (s), 1.44 (q), 1.28 - 1.15 (m).
MS

(m/z)

838.9 [M+H] + .

Example 79.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(3-methyl-lH-indazol-4-yl)pyridin-2-yl)ethyl)acetamide
[0582]

(79):

The title compound (79) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 20F of Example 20 utilizing (3-carbamoyl-4chlorophenyl)boronic acid and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz,

253

cd3od) δ 8.75 (d), 8.61 (d), 7.63 (dd), 7.56 - 7.46 (m), 7.39 (dd), 7.32 (dd), 6.99 (d), 6.72 (tt),
6.56 - 6.45 (m), 6.31 (d), 6.27 - 6.20 (m), 5.39 (dt), 5.10 - 4.99 (m), 4.76 (s), 3.18 - 3.04 (m),
2.97 - 2.83 (m), 2.58 - 2.42 (m), 1.86 (s), 1.64 (d), 1.60 (s), 1.48 - 1.33 (m), 1.18 - 1.11 (m),
1.11 - 1.03 (m). MS (m/z) 711.7 [M+H] + .

Example 80.

Synthesis of 2 -cMorO -5-(2-((S - l -(2-((3bS^aR)-5,5 -d

oro -3 -(trifluorOmethyl )-3b,4,4a,5-

tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)benzamide
[0583]

(80):

The title compound (80) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing (3-carbamoyl-4-chlorophenyl)boronic

acid

and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, cd 3od) δ 8.86

(d), 7.54 (d), 7.46 (dd), 7.17 (d), 7.07 - 6.99 (m), 6.70 (tt), 6.44 - 6.34 (m), 5.35 (dd), 4.84 (d),

3.19 - 3.00 (m), 2.57 - 2.42 (m), 1.62 (s), 1.46 - 1.36 (m), 1.15 - 1.06 (m). MS (m z) 736.0
[M+H] + .
Example 81.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylamino)-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-yl)acetamide

(81):
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[0584]

The title compound (81) was prepared as a mixture of atropisomers according to the

method presented in Example 68 utilizing 7-bromo-4-chloro-l-methyl-lH-indazol-3-amine

(19B) in place of 7-bromo-l-methyl-lH-indazol-3-amine
Methanol- d

)

(33A). 1H NMR (400 MHz,

δ 7.90 - 7.86 (m), 7.86 - 7.80 (m), 7.71 (dd), 7.55 (dd), 7.34 (d), 7.22 - 7.12 (m),

6.84 - 6.77 (m), 6.77 - 6.70 (m), 6.70 - 6.67 (m), 6.66 - 6.62 (m), 6.56 (s), 6.54 (s), 6.47 - 6.41
(m), 6.36 - 6.29 (m), 5.22 (dd), 5.05 (t), 4.76 (d), 4.71 (s), 3.30 - 3.22 (m), 3.14 - 3.03 (m), 3.03

- 2.91 (m), 2.85 (s), 2.46 (ddt), 1.64 (s), 1.44 - 1.33 (m), 1.11 - 0.97 (m). MS (

z) 756.14

[M+H] + .

Example 82.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6J-tetrahydro-lH-indazol-l-yl)acetamide

[0585]

(82):

The title compound (82) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19G of Example 19 utilizing 2-(3(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid. 1H NMR

(Chloroform- ) δ : 7.60 - 7.47 (m), 7.31 - 7.16 (m), 7.02 - 6.80 (m), 6.72 - 6.59 (m), 6.51 - 6.43
(m), 6.27 - 6.12 (m), 5.66 - 5.52 (m), 5.08 - 4.97 (m), 4.94 (d), 3.40 (s), 3.38 (s), 3.28 (t), 3.07
(s), 3.01 - 2.89 (m), 2.63 - 2.42 (m), 2.03 (s), 1.71 (s). MS (

Example 83.

z) 858.8 [M+H] + .
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Synthesis of N-((S)-l-(3-(4-chloro4-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(

' 3-

hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(difluoromethyl)-5,5a,6,6a-tetrahydrocycloproparglindazol-l(4H)-yl)acetamide

[0586]

(83):

The title compound (83) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19G of Example 19 utilizing 2-(3(difluoromethyl)-5,5a,6,6a-tetrahydrocyclopropa[g]indazol-l(4H)-yl)acetic

acid. 1H NMR

(Chloroform-J) δ : 7.55 - 7.43 (m), 7.38 (d), 7.29 (d), 7.18 (d), 6.96 (dd), 6.86 (d), 6.72 (d), 6.67 6.59 (m), 6.57 (d), 6.29 (d), 6.18 (td), 4.94 (dq), 4.84 - 4.79 (m), 4.76 (s), 3.39 (d), 3.30 (s), 3.24
(s), 3.07 (d), 3.01 - 2.89 (m), 2.89 - 2.74 (m), 2.63 - 2.47 (m), 2.29 - 2.08 (m), 1.82 - 1.62 (m),
1.71 (d), 1.05 (td), 0.96 (td), 0.74 (q), 0.65 (q). MS (

z) 798.9 [M+H] + .

Exam le 84.

Synthesis of N-((S)-l-(3-(4-chloro-3-(2-methoxyacetamido)-l-methyl-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- 1-yPacetamide (84) :

[0587]

To the reaction vial containing 57 (13 mg, 0.017 mmol) in THF (0.25 mL) was added

2-methoxyacetyl chloride (2 mg, 0.019 mmol), and triethylamine (0.004 mL, 0.026 mmol). The
reaction mixture was stirred at room temperature until the majority of 57 was consumed. The
reaction mixture was concentrated in vacuo and dissolved in methanol and treated with several
drops of 2 M NaOH for 30 min. The reaction mixture was then acidified with TFA and purified
by reverse phase HPLC to provide the title compound 84 as a mixture of atropisomers. 1H NMR
(400 MHz, cd3od) δ 8.72-8.67 (m), 7.70 (dd), 7.54 (dd), 7.22 - 7.13 (m), 7.08 (d), 6.87 - 6.59
(m), 6.50 - 6.36 (m), 5.32-5.25 (m), 5.02 - 4.94 (m), 4.72 (dd), 4.14 (d), 3.56 (s), 3.34 (s), 3.15

(dd), 3.05 - 2.93 (m), 2.51 - 2.38 (m), 1.64 (d), 1.45 - 1.31 (m), 1.11-1.05 (m), 1.06 - 0.97 (m).
MS

(m/z)

815.2 [M+H] + .

Example 85.
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Synthesis of N-(4-chloro-7-(2-((S)4-(2-((3bS^aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)-3-methoxypropanamide (85) :
[0588]

The title compound (85) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing 3methoxypropanoyl chloride. 1H NMR (400 MHz, cd3od) δ 8.75-8.65 (m),7.69 (dd), 7.53 (dd),
7.21 - 7.12 (m), 7.07 (d), 6.87 - 6.52 (m), 6.47 - 6.35 (m),5.35-5.25 (m), 4.98 (t), 4.79 - 4.63

(m), 3.79 - 3.73 (m), 3.39 (s), 3.14 (dd), 3.05 - 2.93 (m), 2.76 - 2.68 (m), 2.51 - 2.39 (m), 1.64
(d), 1.45 - 1.32 (m), 1.11-1.05 (m), 1.06 - 0.97 (m). MS (m/z) 829.2 [M+H] + .

Example 86.

Synthesis of N-(4-chloro-7-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)cyclopropanecarboxamide (86) :
[0589]

The title compound (86) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing
cyclopropanecarbonyl chloride. 1H NMR (400 MHz, cd3od) δ 8.75-8.52 (m),7.69 (dd), 7.53
(dd), 7.16 (d), 7.06 (d), 6.87 - 6.52 (m), 6.46 - 6.35 (m), 5.35-5.21 (m), 4.98 (t), 4.79 - 4.63 (m),
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3.14 (dd), 3.00 (d), 2.53 - 2.39 (m), 1.90 (s), 1.64 (d), 1.45 - 1.32 (m), 1.06 - 0.96 (m), 0.90 (s).
MS

(m/z)

811.2 [M+H] + .

Example 87.

Synthesis of N-(4-chloro-7-( '2-(' (' S -l -(' 2-(' (' 3bS,4aR)-3-( 'difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-l-methyl-lH-m^
3-yl)isoxazole-5-carboxamide (87):
[0590]

The title compound (87) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing isoxazole-5carbonyl chloride. 1H NMR (400 MHz, cd3od) δ 8.71 (t), 8.60 (s), 7.72 (dd), 7.55 (dd), 7.24 7.07 (m), 6.87 - 6.61 (m), 6.60 - 6.37 (m), 5.35-5.25 (m), 5.00 (t), 4.79 - 4.64 (m), 3.37 (s), 3.21
- 3.12 (m), 3.08 - 2.95 (m), 2.52 - 2.39 (m), 1.92 (d), 1.64 (d), 1.42-132 (m), 1.08 (s), 1.02 (s).
MS

(m/z)

838.1 [M+H] + .

Example 88.

Synthesis of N-((S)-l-(3-(4-chloro-3-(2-hvdroxyacetamido)-l-methyl-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- 1-yPacetamide (88) :
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[0591]

The title compound (88) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing 2-chloro-2-oxoethyl
acetate. 1H NMR (400 MHz, cd3od) δ 7.74 - 7.66 (m), 7.54 (dd), 7.23 - 7.13 (m), 7.08 (d), 6.87
- 6.58 (m), 6.50 - 6.35 (m), 5.25-5.31 (m), 4.99 (t), 4.76 (d), 4.68 (s), 4.21 (d), 3.34 (s), 3.30 3.11 (m), 3.04 - 2.94 (m), 2.51 - 2.38 (m), 1.64 (d), 1.45 - 1.33 (m), 1.11-1.05 (m), 1.06 - 0.97

(m). MS (m/z) 802.1 [M+H] + .

Example 89.

Synthesis of N-(4-chloro-7-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)-2-hydroxy-2-methylpropanamide

[0592]

(89):

The title compound (89) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing l-chloro-2-methyll-oxopropan-2-yl acetate. 1H NMR (400 MHz, cd3od) δ 8.75-8.65 (m),7.70 (t), 7.54 (dd), 7.22 7.12 (m), 7.07 (d), 6.87 - 6.66 (m), 6.49 - 6.36 (m), 5.30-5.22 (m), 4.99 (t), 4.75 (d,), 4.67 (s),
3.35 (s), 3.28 - 3.12 (m), 3.04 - 2.93 (m), 2.49 - 2.38 (m), 1.64 (d), 1.51 (dd), 1.43 - 1.33 (m),
1.08 (s), 1.05 - 0.98 (m). MS (m z) 829.2 [M+H] + .

Example 90.
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Synthesis of (S)-tert-butyl (l-(3-bromo-6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-yn-l-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (90A):
[0593]

The title compound (90A) was prepared according to the method presented for the

synthesis of compound (14B) of Example 14 utilizing tert-butyldimethyl((2-methylbut-3-yn-2-

yl)oxy)silane. MS ( z) 609.10 [M+H] +.

Synthesis of (S)-tert-butyl (l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-((tert-

butyldimethylsilyl)oxy)-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (90B) .
[0594]

The title compound (90B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (19E) of Example 19 utilizing (S)-tert-butyl (1(3-bromo-6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-
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difluorophenyl)ethyl)carbamate (90A) and 4-chloro-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2dioxaborolan-2-yl)-lH-indazol-3-amine

(19C). MS (

z) 710.01 [M+H] + .

Synthesis of (S)-methyl (7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut1-yn- l-yl)pyridin-3-yl)-4-chloro- 1-methyl- lH-indazol-3-yl)carbamate (90C):

[0595]

To a solution of (S)-tert-butyl (l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-

(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)carbamate (90B) (20 mg, 0.03 mmol) and DIPEA (0.08 µ ΐ , 0.06 mmol) in
dichloromethane (0.5 ml) was added methyl chloroformate (3.27 µ ΐ , 0.04 mmol). After stirring
overnight, trifluoroacetic acid (0.5 ml) was added and the reaction was stirred at room
temperature for 1 hour. The reaction was concentrated, extracted with ethyl acetate, and basified
with 2 M aqueous K2CO3 . The organic layer was washed with 0.5 M NaCl and the organic layer
was dried with Na2S0 4 , filtered, and concentrated. The crude product as a mixture of
atropisomers was taken to the next step without further purification. MS

m

)

554.13 [M+H] + .

Synthesis of methyl (4-chloro-7-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-

1-methyl- lH-indazol-

3-yl)carbamate (90D):
[0596]

The title compound (90D) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (33F) of Example 33 utilizing (S)-methyl (7-(2(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-4chloro- 1-methyl- lH-indazol-3-yl)carbamate (90C) and 2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H

NMR (400 MHz, Methanol-^) δ 8.72 (d), 8.66 (d), 7.74 - 7.63 (m), 7.59 - 7.48 (m), 7.20 - 7.14
(m), 7.07 (d), 6.87 - 6.53 (m), 6.46 - 6.33 (m), 5.35 - 5.26 (m), 5.05 - 4.95 (m), 4.80 - 4.64 (m),

3.75 (d), 3.33 (s), 3.28 - 3.07 (m), 2.99 (q), 2.53 - 2.39 (m), 1.64 (s), 1.50 - 1.28 (m), 1.09 (d),
1.06 - 0.99 (m). MS (m z) 800.15 [M+H] + .

Example 91.
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Synthesis of (S)-tert-butyl (l-(6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-vn-l-yl)-3-(4-

chloro-l-methyl-3-(2,2,2-trifluoroacetamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (91A).
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[0597]

To a solution of (S)-tert-butyl (l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-

(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)carbamate (90B) (93 mg, 0.13 mmol) in dichloromethane (0.5 ml) was
added DIPEA (34.14 µ ΐ , 0.2 mmol), followed by trifluoroacetic anhydride (25.5 µ ΐ , 0.18
mmol). After stirring at room temperature for lh, the product was extracted with

dichloromethane and water. The organic layer was dried with Na2S0 4 , filtered, concentrated in
vacuo, and purified by silica gel chromatography to provide the title compound. MS (m/z)
806.04 [M+H] +.

Synthesis of (S)-tert-butyl (l-(6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-vn-l-yl)-3-(4chloro-3-(N-ethyl-2,2,2-trifluoroacetamido)-l-methyl-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5difruorophenvPethvPcarbamate (91B).
[0598]

To a solution of (S)-tert-butyl (l-(6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-

yn-l-yl)-3-(4-chloro-l-methyl-3-(2,2,2-trifluoroacetamido)-lH-indazol-7-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)carbamate (91A) (20 mg, 0.02 mmol) in DMF (0.5 ml) was added
cesium carbonate (20.2 mg, 0.06 mmol), followed by diethylsulfate (4.6 mg, 0.03 mmol). After
stirring at room temperature overnight, the reaction mixture was extracted with ethyl acetate and

water. The organic layer was dried with Na2S0 4 , filtered, and concentrated in vacuo. The crude
product was taken to the next step without further purification.
Synthesis of (S)-tert-butyl (l-(6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-vn-l-yl)-3-(4chloro-3-(ethylamino)-l-methyl-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5difruorophenvPethvPcarbamate (91 C) .
[0599]

To a solution of (S)-tert-butyl (l-(6-(3-((tert-butyldimethylsilyl)oxy)-3-methylbut-l-

yn-l-yl)-3-(4-chloro-3-(N-ethyl-2,2,2-trifluoroacetamido)-l-methyl-lH-indazol-7-yl)pyridin-2yl)-2-(3,5-difluorophenyl)ethyl)carbamate (21 mg) (91B) in methanol (0.5mL) was added 2M
aqueous K2C0 3 (0.25mL). After stirring at room temperature for 2 h, the reaction mixture was
concentrated in vacuo. The mixture was extracted with ethyl acetate and water. The organic
layer was dried with Na2S0 4 , filtered, and concentrated in vacuo. The crude product was taken
to the next step without further purification.

Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenvPethvP-5-(4-chloro-3-(ethylamino)-lmethyl-lH-indazol-7-vPpyridin-2-vP-2-methylbut-3-vn-2-ol
[0600]

(91D).

The title compound (91D) was prepared according to the method presented for the

synthesis of compound (90C) of Example 90 utilizing (S)-tert-butyl (l-(6-(3-((tert-
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butyldimethylsilyl)oxy)-3-methylbut-l-yn-l-yl)-3-(4-chloro-3-(ethylamino)-l-methyl-lHindazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(91C). MS

(m/z)

524.55

[M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-3-(ethylamino)-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3metfaylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-dmuorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-vPacetamide
[0601]

(91E)

The title compound (91E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (90D) of Example 90 utilizing (S)-4-(6-(lamino-2-(3,5-difluorophenyl)ethyl)-5-(4-chloro-3-(ethylamino)-l-methyl-lH-indazol-7yl)pyridin-2-yl)-2-methylbut-3-yn-2-ol

(91D). 1H NMR (400 MHz, Methanol-^) δ 7.73 - 7.60

(m), 7.58 - 7.48 (m), 7.12 (d), 7.04 (d), 6.93 (d), 6.85 - 6.79 (m), 6.78 - 6.71 (m), 6.71 - 6.66
(m), 6.67 - 6.58 (m), 6.58 - 6.53 (m), 6.49 - 6.32 (m), 6.32 - 6.28 (m), 5.26 - 5.20 (m), 5.04 (t),

4.80 - 4.67 (m), 4.10 (q), 3.42 - 3.28 (m), 3.27 - 3.17 (m), 3.17 - 3.05 (m), 3.05 - 2.91 (m),
2.82 (s), 2.53 - 2.40 (m), 2.01 (s), 1.64 (s), 1.41 - 1.21 (m), 0.96 - 0.82 (m). MS (m z) 770.15
[M+H] + .

Example 92.
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Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-ureido-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-yl)acetamide
[0602]

(92).

To a solution of N-((S)-l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-

hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetamide

(57) (30 mg, 0.04 mmol) in acetic acid (0.4 ml) was added a solution
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of potassium cyanate (3.9 mg, 0.049 mmol) in water (0.05 ml). After stirring at 50 °C for 2
h, the reaction was concentrated and purified by reverse phase HPLC to provide the title product
as a mixture of atropisomers.

H NMR (400 MHz, Methanol-^)
1

δ 8.72 (dd), 7.69 (dd), 7.54

(dd), 7.22 - 7.10 (m), 7.04 (d), 6.88 - 6.52 (m), 6.47 - 6.32 (m), 5.31 - 5.22 (m), 5.03 - 4.92
(m), 4.76 (s), 4.72 (d), 3.28 (s), 3.18 - 3.10 (m), 3.04 - 2.94 (m), 2.94 (s), 2.53 - 2.40 (m), 1.64
(s), 1.46 - 1.25 (m), 1.12 - 1.05 (m), 1.05 - 0.99 (m). MS (

z) 785.15 [M+H] + .

Example 93.

93

Synthesis of N-((S)-l-(3-(4-chloro-3-((cyanomethyl)amino)-l-methyl-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b A4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol-l-yl)acetamide

[0603]

(93).

The title compound (93) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (91D) of Example 9 1 utilizing
bromoacetonitrile in place of diethyl sulfate during the synthesis of compound (91B). 1H NMR
(400 MHz, Methanol- d ) δ 8.69 (d), 8.63 - 8.55 (m), 7.67 (dd), 7.56 - 7.48 (m), 7.11 (d), 6.99
(d), 6.86 (dd), 6.78 - 6.72 (m), 6.70 (d), 6.67 - 6.60 (m), 6.57 (d), 6.45 - 6.31 (m), 5.35 - 5.28

(m), 5.08 - 5.00 (m), 4.77 (s), 4.73 (s), 4.35 - 4.23 (m), 3.20 (s), 3.12 (dd), 3.05 - 2.92 (m), 2.89
(s), 2.54 - 2.39 (m), 1.64 (s), 1.44 - 1.30 (m), 1.12 - 1.07 (m), 1.07 - 1.01 (m). MS (m/z)

828.18 [M+H] + .
Example 94.
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Synthesis of N-((S)-l-(3-(3-acetamido-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3metfaylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-dmuorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-yl)acetamide
[0604]

(94):

The title compound (94) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing acetyl chloride. 1H
NMR (Chloroform -J) δ : 7.63 - 7.57 (m), 7.54 - 7.48 (m), 7.25 - 7.22 (m), 6.97 (d), 6.70 (t),
6.70 - 6.63 (m), 6.48 (t), 6.24 (d), 6.19 (d), 6.15 (d), 5.63 - 5.55 (m), 4.99 (q), 4.76 (d), 4.70 (d),
3.29 (s), 3.09 - 2.94 (m), 2.55 - 2.40 (m), 2.30 (d), 1.72 (d), 1.41 (q), 1.21 - 1.12 (m). MS (

z)

784.9 [M+H] + .
Example 95.

Synthesis of N-(4-chloro-7-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)propionamide (95):
[0605]

The title compound (95) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing propionyl chloride.
H NMR (Chloroform- ) δ : 7.62 - 7.43 (m), 7.35 - 7.17 (m), 6.95 (d), 6.71 (t), 6.69 - 6.62 (m),
1

6.53 - 6.44 (m), 6.30 - 6.16 (m), 6.12 (d), 5.61 - 5.50 (m), 4.96 (q), 4.75 (d), 4.70 (d), 3.28 (s),
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3.07 (s), 2.95 (d), 2.56 (qd), 2.61 - 2.36 (m), 1.71 (s), 1.41 (q), 1.36 - 1.21 (m), 1.20 - 1.08 (m).
MS

(m/z)

798.9 [M+H] + .

Example 96.

Synthesis of N-(4-chloro-7-( '2-(' (' S -l -(' 2-(' (' 3bS,4aR)-3-( 'difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)isobutyramide (96):

[0606]

The title compound (96) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing isobutyryl chloride
H NMR (Chloroform- ) δ : 7.59 - 7.52 (m), 7.48 (dd), 7.31 - 7.23 (m), 7.22 (s), 6.94 (d), 6.70
1

(t), 6.69 - 6.61 (m), 6.48 (d), 6.22 (d), 6.18 (d), 6.11 (d), 5.56 (d), 4.96 (q), 4.75 (d), 4.69 (d),

3.28 (s), 3.15 (s), 3.09 (s), 2.96 (d), 2.72 (s), 2.55 - 2.40 (m), 1.71 (s), 1.41 (q), 1.33 (s), 1.21 1.13 (m). MS (m/z) 813.1 [M+H] + .

Example 97.

Synthesis of N-(4-chloro-7-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)-2,2-difluoroacetamide (97):

[0607]

The title compound (97) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing 2,2-difluoroacetic
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anhydride. 1H NMR (Chloroform -J) δ : 8.80 (d), 7.63 - 7.55 (m), 7.54 - 7.46 (m), 7.43 - 7.30
(m), 7.30 - 7.23 (m), 6.99 (d), 6.71 (t), 6.70 - 6.63 (m), 6.53 - 6.46 (m), 6.25 (d), 6.19 (d), 6.17
- 6.1 1 (m), 6.04 - 5.95 (m), 5.65 - 5.53 (m), 4.98 (q), 4.79 - 4.73 (m), 4.69 (d), 3.33 (s), 3.12
(s), 3.07 - 2.94 (m), 2.60 - 2.34 (m), 1.71 (s), 1.41 (q), 1.26 (s), 1.23 - 1.12 (m)MS (

z) 820.9

[M+H] + .
Example 98.

Synthesis N-(4-chloro-7-( ' 2-(' (' S -l -(' 2-(' (' 3bS,4aR)-3-( 'difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)-2,2,2-trifluoroacetamide

[0608]

(98):

The title compound (98) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing 2,2,2-trifluoroacetic
anhydride. 1H NMR (Chloroform- ) δ : 8.77 - 8.72 (m), 8.69 - 8.63 (m), 7.56 - 7.43 (m), 7.31 7.19 (m), 7.18 - 7.06 (m), 7.01 - 6.95 (m), 6.71 (t), 6.70 - 6.61 (m), 6.52 - 6.45 (m), 6.24 - 6.16
(m), 6.11 (d), 5.60 - 5.52 (m), 4.93 (q), 4.75 (d), 4.69 (d), 3.32 (s), 3.10 (s), 3.01 - 2.91 (m), 2.57
- 2.38 (m), 2.23 - 2.02 (m), 1.72 (s), 1.47 - 1.37 (m), 1.25 (s), 1.22 - 1.12 (m). MS (
[M+H] + .
Example 99.

z) 838.8
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Synthesis of 2-bromo-N-( '4-chloro-7-( '2-(' (' S -l -(' 2-(' (' 3bS,4aR)-3-( 'difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-l-methyl-lH-m^
3-yl)acetamide (99A):
[0609]

To the reaction vial containing 57 (32 mg, 0.043 mmol) in THF (0.25 mL) was added

2-bromoacetyl chloride (7 mg, 0.047 mmol), and triethylamine (0.009 mL, 0.06 mmol). The
reaction mixture was stirred at room temperature until the majority of 57 was consumed. The
reaction mixture was concentrated in vacuo and telescoped to the next reaction. MS

m

)

862. 1

[M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-3-(2-(dimethylamino)acetamido)-l-methyl-lH-indazol-7-yl)6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b A4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol-l-yl)acetamide
[0610]

(99B):

The crude 99A material was dissolved in DMF (0.1 mL) and treated with excess

dimethylamine at room temperature for 30 min. The reaction mixture was then acidified with
TFA and purified by reverse phase HPLC to provide the title compound 99B as a mixture of
atropisomers. 1H NMR (400 MHz, cd3od) δ 8.90 - 8.69 (m, 1H), 7.73 - 7.65 (m, 1H), 7.59 7.49 (m, 1H), 7.23 - 7.06 (m, 1H), 6.89 - 6.59 (m, 2H), 6.53 - 6.29 (m, 3H), 5.03-4.93 (m, 1H),
4.80 - 4.68 (m, 2H), 4.28 (s, 2H), 3.38 -2.96 (m, 9H), 2.91-2.73 (m, 2H), 2.61 - 2.33 (m, 2H),
1.64 (s, 6H), 1.43 - 1.28 (m, 1H), 1.15 - 0.98 (m, 1H). MS (m z) 829.2 [M+H] + .

Example 100.
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Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(2-(pyrro
6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-yl)acetamide
[0611]

(100):

The title compound (100) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 99B of Example 99 utilizing pyrrolidine. 1H
NMR (400 MHz, cd3od) δ 8.87 - 8.69 (m), 7.73-7.68 (m), 7.59-7.49 (m), 7.20 (s,), 7.10 (s), 6.90
- 6.69 (m), 6.45 - 6.32 (m), 5.30-5.25 (m), 5.03-4.98 (m), 4.79 - 4.63 (m), 4.37 (s), 3.82-3.64
(m), 3.35 (s), 3.24 - 3.19 (m), 3.01 (s), 2.51-2.43 (m, 2H), 2.30-2.13(m), 1.64 (d), 1.42-1.25
(m), 1.10 (s), 1.00 (s). MS (

z) 854.4 [M+H] + .

Example 101.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(2-(methylamino)acetamido)-lH-indazol-7-yl)-6(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol-l-yl)acetamide
[0612]

(101):

The title compound (101) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 99B of Example 99 utilizing methylamine. 1H
NMR (400 MHz, cd3od) δ 8.85-8.65 (m), 7.79-7.62 (m), 7.60-7.50 (m), 7.21- 7.15 (m), 7.137.09 (m), 6.91-6.50 (m), 6.45-6.23 (m), 5.32-5.21 (m), 5.00-4.98 (m), 4.82- 4.68 (m), 4.20-4.15
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(s), 4.14-4.08 (s), 3.35 (s), 3.13 - 3.08 (m), 3.03 - 2.98 (m), 2.81 (s), 2.48-2.43 (m), 1.64 (d),

1.50-1.29 (m), 1.12-1.05 (m), 1.03-0.98 (m). MS (

z) 814.2 [M+H] + .

Example 102.

Synthesis of N-((S)-l-(3-(4-chloro-3-(2-(cvclopropylamino)acetamido)-l-methyl-lH-indazol-7yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-23bS,4aR -3-('difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-

cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide

[0613]

(102):

The title compound (102) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 99B of Example 99 utilizing cyclopropylamine.
H NMR (400 MHz, cd 3od) δ 8.74 - 8.69 (m), 7.74 - 7.65 (m), 7.59 - 7.49 (m), 7.19 (s), 7.12 (s)
1

6.91 - 6.53 (m), 6.38 (m),5.35-5.20 (m), 5.01-4.94 (m), 4.79 - 4.64 (m), 4.21 (s), 3.35 (s), 3.03 -

2.98 (m), 2.91 - 2.86 (m), 2.53 - 2.38 (m), 1.64 (s), 1.45 - 1.36 (m), 1.11 - 0.70 (m). MS (
840.2 [M+H] + .
Example 103.

Synthesis of (S)-N-(4-chloro-7-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-l-methyl-lH-indazol3-yl)-2-hvdroxypropanamide (103):

z)

271

[0614]

The title compound (103) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 84 of Example 84 utilizing (S)-l-chloro-loxopropan-2-yl acetate. 1H NMR (400 MHz, cd3od) δ 8.72-8.64 (m), 7.70 (dd), 7.54 (dd), 7.22
- 7.12 (m), 7.07 (d), 6.87 - 6.66 (m), 6.50 - 6.36 (m), 5.30-5.25 9 (m), 4.99 (t), 4.75 (d), 4.68
(s), 4.38 - 4.28 (m), 3.33 (s), 3.26 - 3.12 (m)), 3.04 - 2.93 (m), 2.52 - 2.38 (m), 1.64 (d), 1.50

(dd), 1.43 - 1.31 (m), 1.10-1.05 (m), 1.04 - 0.98 (m). MS (

z) 815.2 [M+H] + .

Example 104.

104

Synthesis of N-((S)-l-(6-(3-amino-3-methylbut-l-yn-l-yl)-3-(l-methyl-3-(methylsulfonamido)lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (104).

[0615]

The title compound (104) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (61) of Example 6 1 utilizing 2-methylbut-3-yn2-amine. 1H NMR (400 MHz, Methanol-^)

δ 8.71 (d), 7.89 - 7.81 (m), 7.78 (t), 7.63 (dd), 7.27

(dd), 7.20 (dd), 7.10 (dd), 6.79 - 6.71 (m), 6.68 - 6.58 (m), 6.52 (dd), 6.40 - 6.27 (m), 5.33 5.24 (m), 5.02 (q), 4.80 - 4.68 (m), 3.32 (s), 3.28 - 3.20 (m), 3.18 (s), 3.16 - 3.10 (m), 3.04 2.91 (m), 2.58 - 2.40 (m), 1.83 (s), 1.47 - 1.36 (m), 1.15 - 1.10 (m), 1.08 - 1.02 (m). MS (

803.13 [M+H] + .
Example 105.

z)

272

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6'-hydrazinyl-6-(3-hydroxy-3-methylbutl-yn-l-yl)-r3,3'-bipyridinl-2-yl)ethyl)carbamate (105A):
[0616]

In a microwave tube were charged with compound 14B ( 50 mg, 0.1 mmol), 2-

hydrazinyl-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)pyridine ( 36 mg, 0.15 mmol),
potassium carbonate (42 mg, 0.3 mmol) and dichlorobis(tricyclohexylphosphine)palladium(II)
(4 mg, 0.005 mmol). To the mixture was added was added 1,4-dioxane (2 mL), water (0.5 mL)

and MeOH (0.3 mL). The mixture was heated to 150 °C for 10 minutes in a microwave

synthesizer. After cooling to room temperature, the reaction was partitioned between EtOAc and

water. The organic layer was separated and washed with brine, then dried over MgS0 4 , filtered
and concentrated. The residue was purified by silica gel chromatography to afford the title

compound 105A. MS (m/z): 524.10 [M+H] +;
Synthesis of Boc-(S)-ethyl (6-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-3-yl)-rL2,41triazolor4,3-alpyridin-3-yl)carbamate

(105B):
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[0617]

To a reaction mixture of compound 105A (28 mg, 0.053 mmol) in 0.5 mL 2-

methyltetrahydrofuran was added ethoxycarbonyl isothiocyanate (7 mg, 0.053 mmol) and the
reaction was allowed to stir at room temperature for 1 min. The solvent was removed in vacuo.
The residue was dissolved in 0.5 mL of methylene chloride and to it was added 2-chloro-lmethylpyridinium iodide (12 mg, 0.046 mmol) followed by triethylamine (0.08 mL, 0.057
mmol). The reaction mixture was stirred at room temperature for 1 min. The solvent was
removed in vacuo and the residue was purified by silica gel chromatography to afford the title
compound 105B. MS (m/z): 621.07 [M+H] + .
Synthesis of (S)-ethyl (6-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-lyn-l-yl)pyridin-3-yl)-rL2,41triazolor4,3-alpyridin-3-yl)carbamate
[0618]

(105C):

Compound 105B (14 mg, 0.023 mmol) was dissolved in 1 mL of methylene chloride

and to it was added 0.15 mL of TFA. The reaction mixture was stirred at room temperature for
40 minutes. The solvent was removed to afford the title compound 105C as a TFA salt. MS
(m/ z )

521.09 [M+H] + .

Synthesis of ethyl (6-(2-((S)-l-(2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5tetrahydro-lH-cyclopropar3,41cyclopentarL2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-rL2,41triazolor4,3alpyridin-3-yl)carbamate (105D):
[0619]

The title compound (105D) was prepared according to the method presented for the

synthesis of compound 37E of Example 37 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid and

compound 105C. MS (m/z) 767.18 [M+H] + .
Synthesis of N-((S)-l-(3-(3-amino-rL2,41triazolor4,3-alpyridin-6-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b A4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (105E):
[0620]

Compound 105D (15.3 mg, 0.05 mmol) was dissolved in 2 mL of 1,4-dioxane and to it

was added 0.5 mL of 1M sodium bicarbonate aqueous solution. The reaction mixture was heated
in microwave for 1 hour at 140 °C. The solvent was removed and the residue was purified by
RP-HPLC to afford the title compound 105E. 1H NMR (400 MHz, Methanol-^): δ 8.08 (s), 7.81
- 7.60 (m), 7.57 - 7.38 (m), 6.77 - 6.70 (m), 6.61 (t), 6.52 - 6.35 (m), 5.36 (t), 4.81 (d), 3.15 (d),
2.59 - 2.27 (m), 1.63 (s), 1.48 - 1.20 (m), 1.10 - 0.78 (m). MS (m/z): 695.30 [M+H] + .
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Example 106.

Synthesis of 3-bromo-6-chloro-2-hydrazinylpyridine (106A):
[0621]

To a mixture of 3-bromo-6-chloro-2-fluoropyridine (6 g, 28.5 mmol) in 200 mL

ethanol was added 14 mL of hydrazine monohydrate . The reaction mixture was stir at room
temperature for overnight and then removed most of the solvent. The precipitate was collected
by vacuum filtration to afford the title compound 106A. MS (

z): 223.97 [M+H] + .

Synthesis of ethyl (8-bromo-5-chloro-rL2,41triazolor4,3-alpyridin-3-yl)carbamate
[0622]

(106B):

The title compound (106B) was prepared according to the method presented for the

synthesis of compound 105B of Example 105 utilizing compound 106A. MS (

) 321.01

[M+H] + .

Synthesis of (S)-tert-butyl (l-(3-(3-amino-5-chloro-rL2,41triazolor4,3-alpyridin-8-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0623]

(106C):

In a microwave tube were charged with compound 117B (48 mg, 0.1 mmol),

compound 106B ( 40 mg, 0.13 mmol), sodium carbonate (33 mg, 0.03 mmol) and PdCi 2 [PPh3 ]2
(8 mg, 0.01 mmol). To the mixture was added 2.5 mL of 1,4-dioxane and 0.5 mL of water. The

mixture was heated to 170 °C for 20 minutes in a microwave synthesizer. After cooling to room
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temperature, the reaction was partitioned between EtOAc and water. The organic layer was
separated and washed with brine, then dried over MgS0 4 , filtered and concentrated. The residue
was purified by reverse phase HPLC to afford the title compound 106C. MS

(m/z):

583.01

[M+H] +

Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(3-amino-5-chlorori ,2,41triazolor4,3-alpyridin-8-yl)pyridin-2-yl)-2-methylbut-3-vn-2-ol

[0624]

(106D):

The title compound (106D) was prepared according to the method presented for the

synthesis of compound 105C of Example 105 utilizing compound 106C. MS (m/z) 483.28
[M+H] + .

Synthesis of N-((S)-l-(3-(3-amino-5-chloro -ri ,2,41triazolor4,3-alpyridin-8-yl)-6-(3-hydroxy-3methylbut-l-vn-l-vDpyridin^-vD^-CS.S-difluorophenvDethvD^-CCSbS^aR)^(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (106E):
[0625]

The title compound (106E) was prepared according to the method presented for the

synthesis of compound 37E of Example 37 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid and

compound 106D . 1H NMR (400 MHz, Methanol-^): δ 8.79 (d), 7.71 (d), 7.52 (d), 7.04 (d),
6.69 - 6.63 (m), 6.68 (t), 6.59 - 6.36 (m), 5.41 - 5.12 (m), 4.75 - 4.48 (m), 3.25 - 2.97 (m), 2.55

- 2.35 (m), 1.62 (s), 1.38 (q), 1.12 - 0.96 (m). MS (m z): 729.24 [M+H] + .
Example 107.

107A

Synthesis of 7 -bromo-l -methyl- lH-indazol-3-ol (107A):
[0626]

To the reaction vial containing methyl 3-bromo-2-fluorobenzoate ( 1 g, 4.5 mmol) in

ethanol (5 mL) was added methylhydrazine (0.29 mL, 6 mmol). The reaction mixture was
sealed and heated to 125°C overnight. Upon cooling, the reaction mixture was treated with
water and the resulting solid was collected by filtration to give the title product 107A. MS
229.1 [M+2H] + .

(m/z)
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Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-vn-l-yl)-3-(l-methyl-3-oxo-2,3-dihvdro-lH-indazol-7-yl)pyridin-2vPethvPacetamide (107B):
[0627]

The title compound (107B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 117F of Example 117 utilizing 107A and 117B.
H NMR (400 MHz, cd3od) δ 8.61 (d), 7.79 - 7.63 (m), 7.52 (dd), 7.28 - 7.21 (m), 7.12 (t), 7.02
1

(t), 6.76 - 6.67 (m), 6.66 - 6.54 (m), 6.40 (d), 6.34 - 6.27 (m), 5.26 (t), 5.17 - 5.07 (m), 4.83 -

4.74 (m), 3.24 (dd), 3.12 - 2.88 (m), 2.75 (s), 2.55 - 2.42 (m), 1.64 (s), 1.45 - 1.35 (m), 1.14 1.06 (m). MS (m/z) 727.1 [M+H] + .

Example 108.

108A

Synthesis of 7-bromo-4-chloro-lH-indazol-3-amine
[0628]

108B

(108A):

In a microwave vial a solution of 3-bromo-2-fluorobenzonitrile (lg, 4.26 mmol)

ethanol (5 mL) was treated with hydrazine (0.85 mL, 17 mmol), sealed, and heated to 120 °C in
a microwave reactor for 35 minutes. The reaction was concentrated in vacuo and the crude
product dissolved with EtOAc (30mL) and washed with water (30 mL), then 2M NaCl (aq, 30
mL). The organics were dried with Na2S0 4 , filtered, and concentrated.

silica chromatography to give the title compound. MS

(m/z)

247.1 [M+H] + .

Synthesis of N-(7-bromo-4-chloro-lH-indazol-3-yl)methanesulfonamide
[0629]

Product was purified by

(108B):

To a stirred solution of 108A (161 mg, 0.65 mmol), 4-dimethylaminopyridine (4 mg,

0.03 mmol), and N,N-diisopropylethylamine (0.28 mL, 1.6 mmol) in DCM (5 ml) at, 0°C was
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added drop wise methanesulfonyl chloride (156 mg, 1.3 mmol). The ice bath was removed
immediately after the addition and the reaction was warmed to room temperature and stirred for
2h. The reaction was washed with water, dried with Na2S0 4 , filtered, and concentrated. The

crude product dissolved with EtOH (lOmL) and treated with 8N NaOH (3.3 ml). The reaction
mixture was heated at 60°C for 0.5h. The ethanol was removed under vacuum, pH to ~ 2 with
1.0 HC1 then, extracted with EtOAc. The organics were dried with Na2S0 4 , filtered, and

concentrated. The product was purified by silica chromatography to give the title compound. MS
(m/z) 325.9 [M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (108C):
[0630]

The title compound (108C) was prepared according to the method presented for the

synthesis of compound 117F of Example 117 utilizing 108B and 117B. MS (m z) 807.1 [M+H] + .
HPLC retention time 6.96 min (2-98% acetonitrile: water with 0.1% trifluoroacetic acid, 8.5 min
gradient on a Phenomonex Kinetex C I 8 column).
Example 109.

Synthesis of N-((S)-l-(3-(4-chloro-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-
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(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (109):
[0631]

The title compound (109) was prepared according to the method presented for the

synthesis of compound 117F of Example 117 utilizing 108B , 117B and 2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazoll-yl)acetic acid. MS (m/z) 824.2 [M+H] + . HPLC retention time 7.16 min (2-98% acetonitrile:
water with 0.1% trifluoro acetic acid, 8.5 min gradient on a Phenomonex Kinetex C I 8 column).
Example 110.
methanesulfonyl chloride
DIEA, DCM, then NaOH

Synthesis of 8-bromo-5-chloro -ri ,2,41triazolor4,3-alpyridin-3-amine (110A):
[0632]

To a solution of compound 106B (2.1 g, 6.6 mmol) in a mixture of dioxane (90 mL),

water (15 mL) and DMF (9 mL) was added KOH (0.37 g, 6.6 mmol). The mixture was heated at
110 °C overnight. After removing volatiles in vacuo, the residue was purified by silica gel
column to yield the title compound 110A. MS (m/z) 248.95 [M+H] + .
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Synthesis of N-(8-bromo-5-chloro-ri,2,41triazolor4,3-alpyridin-3-yl)methanesulfonamide
(

OB):

[0633]

To a solution of compound 110A (80 mg, 0.3 mmol) in DCM (5 mL) was added DIEA

(0.42g, 3 mmol) and methanesulfonyl chloride (0.19 g, 2 mmol). After stirred at room

temperature for 5 min, the volatiles was removed in vacuo. The residue was dissolved in a
mixture of THF (2 mL), MeOH (2 mL) and 2 N NaOH (2 mL) and stirred for 15 min. After
removing volatiles, the residue was purified by reverse phase HPLC to yield the title compound.
MS

(m/z)

326.82 [M+H] + .

Synthesis of (S)-tert-butyl (l-(3-(5-chloro-3-(methylsulfonamido)-rL2,41triazolor43-alpyridin8-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
(HOC):

[0634]

The title compound (HOC) was prepared according to the method presented for the

synthesis of compound 117D of Example 117 utilizing compound HOB and 117B . MS

(m/z)

661.02 [M+H] + .
Synthesis of (S)-N-(8-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-5-chloro-rL2,41triazolor4,3-alpyridin-3-yl)methanesulfonamide

TFA salt

(HOD):

[0635]

The title compound (HOD) was prepared according to the method presented for the

synthesis of compound 19F of Example 19 utilizing compound HOC. MS

(m/z)

561.00 [M+H] + .

Synthesis of N-((S)-l-(3-(5-chloro-3-(methylsulfonamido)-rL2,41triazolor4,3-alpyridin-8-yl)-6(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b A4a,5-tetrahvdro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (HOE):
[0636]

The title compound (HOE) was prepared according to the method presented for the

synthesis of compound 10A of Example 10 utilizing compound HOD and 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid. HPLC retention time 6.63 min (2-98% acetonitrile: water with 0.1%
trifluoroacetic acid, 8.5 min gradient on a Phenomonex Kinetex C18 column 4.6 x 100 mm). MS
(m/z)

807.16 [M+H] + .

Example 111.
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Synthesis of N-((S)-l-(3-(3-aimno-5-chloro - i ,2 1 azo
methylbut- l -vn- l -yl)pyridin-2- l)-2-(3
(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (111):
[0637]

The title compound (111) was prepared according to the method presented for the

synthesis of compound 106E of Example 106 utilizing 2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
acid and 106D. 1H NMR (400 MHz, Methanol- d 4 ) δ 8.83 (d), 7.72 (d), 7.51 (d), 6.98 (d), 6.64
(t), 6.58 - 6.44 (m), 5.41 - 5.18 (m), 4.74 (s), 3.27 - 2.96 (m), 2.67 - 2.18 (m), 1.62 (s), 1.40 (q),
1.17 - 0.99 (m). MS (

Example 112.

z): 747.30 [M+H] +
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Synthesis of N-(l^-dimethyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3vPmethanesulfonamide (112A):
[0638]

The title compound (112A) was prepared according to the method presented for the

synthesis of compound 19D of Example 19 utilizing 58D. MS (m/z) 366.1 [M+H] +.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(3-(l,4-dimethyl-3-(methylsulfonamido)lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)ethyl)carbamate
[0639]

(112B):

The title compound (112B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing 112A. MS

(m/z)

654.4 [M+H] +.

Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-l,4-dimethyl-lH-indazol-3-yl)methanesulfonamide
[0640]

(112C):

The title compound (112C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 112B. MS (m/z)
554.2[M+H] +.
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Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropa 3 41cyclopenta i 2-c1pyrazol-l -yl)-N
dimethyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)^
2-yl)ethyl)acetamide (112D):
[0641]

The title compound (112D) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 112C and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (Chloroform-J) δ : 8.16 -

8.10 (m), 8.00 (d), 7.76 (d), 7.58 (d), 7.38 (d), 7.06 (dd), 6.86 (dd), 6.67 (t), 6.64 (dt), 6.51 - 6.41
(m), 6.38 (d), 6.24 (dd), 6.13 (dd), 5.62 (q), 5.06 (q), 4.78 (d), 4.69 (s), 3.35 (s), 3.32 (s), 3.29
(s), 3.11 (s), 3.10 - 2.91 (m), 2.87 - 2.78 (m), 2.55 - 2.34 (m), 1.71 (s), 1.45 - 1.34 (m), 1.20 1.07 (m) MS (m/z) 800.6 [M+H] + .

Example 113

113C

Synthesis of (Z)-3-bromo-2-((l,2-dichlorovinyl)oxy)benzaldehyde
[0642]

(113A):

Trichloroethylene (2.68 mL, 30 mmol) was added drop wise over a period of 30 min to

a solution of 3-bromo-2-hydroxybenzaldehyde (2 g, 9.9 mmol) suspended with K2C0 3 (4.1 g, 30
mmol) in DMF (8 mL) at 60 °C under N 2 . The reaction was stirred for 15 h then cooled to room
temperature and partitioned between 150 mL of ethylacetate and 100 mL of water. The organic
phase was washed with brine 100 mL, dried over sodium sulfate, filtered and concentrated. The
crude material was purified by silica gel to give the title compound.
Synthesis of 5-bromo-3-chloro-lH-benzofuror3,2-clpyrazolebenzaldehyde

(113B):
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[0643]

Benzenesulfonylhydrazide (0.57 g, 3.3 mmol) was added all at once to a solution of the

113A (0.9 g, 3.0 mmol) in acetonitrile (13 mL) at room temperature. After stirring for 2 h,

aqueous 2 M NaOH (3 mL, 6 mmol) was added drop wise over 10 min. The solution was heated
to 50 °C and stirred for 1 h . After cooling to room temperature, the solvents were removed under

vacuum. The residue was partitioned between 20 mL EtOAc and 15 mL H20 . The organic layer
was dried over MgS0 4 , filtered and solvent removed under vacuum yielding the title compound
113B.

Synthesis of (3-chloro-lH-benzofuror3,2-clpyrazol-5-yl)boronic
[0644]

acid (113C):

To 113B (200 mg, 0.73 mmol) in dioxane (5 mL) was added bis(pinacolato)diboron

(262 mg, 1 mmol), potassium acetate (0.144 g, 1 mmol), and Pd(PPh 3)2Cl2 (26 mg, 0.03 mmol).

The reaction mixture sealed and heated to 100 °C for lh. The reaction was cooled to room
temperature and telescoped to the next reaction. MS

(m/z)

237.1 [M+H] + .

Synthesis of N-((S)-l-(3-(3-chloro-lH-benzofuror3,2-clpyrazol-5-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentarL2-clpyrazol-lvPacetamide (113D):
[0645]

The title compound (113D) was prepared according to the method presented for the

synthesis of compound 33F of Example 33 utilizing 113C and 2-((3bS,4aR)-3-(difluoromethyl)5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
H
1

acid.

NMR (400 MHz, cd3od) δ 8.88 - 8.60 (m, 1H), 7.80 (d), 7.70 (d), 7.51 (d), 7.35 (t), 6.44 -

6.17 (m), 5.50 - 5.27 (m), 4.80 - 4.74 (m), 3.12 - 2.72 (m), 2.55-2.48 (m), 1.64 (s), 1.45 - 1.35
(m), 1.14 - 1.06 (m). MS (m z) 772.2 [M+H] + .

Example 114.
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Synthesis of 4-methoxy-l-methyl-lH-indazol-3-amine
[0646]

(114B):

The title compound (114B) was prepared according to the method presented for the

synthesis of compound 19B of Example 19 utilizing 114A. MS (m/z) 178.1 [M+H] + .
Synthesis of 7-bromo-4-methoxy-l-methyl-lH-indazol-3-amine
[0647]

(114C):

A flask was charged with 114B (3.7 g, 20.9 mmol) and H2S0 4 (35 mL) and cooled to 0

°C in an ice bath. Then NBS (1.9 g, 10 mmol) was added. The reaction mixture was allowed to

warm to room temperature and diluted with ice water and filtered to remove solids. The mother
liquor was basified with saturated NaHC0 3 and extracted 2X EtOAc. The organic layer was
dried over sodium sulfate, concentrated, and purified by flash column chromatography to
provide the title compound. MS (m z) 256.2 [M+H] + .
Synthesis of 4-methoxy-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3amine (114D):
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[0648]

The title compound (114D) was prepared according to the method presented for the

synthesis of compound 19C of Example 19 utilizing 114C. MS (m/z 304.2 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3-(3-amino-4-methoxy-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0649]

(114E):

The title compound (114E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing 114D. MS

(m/z

592.1 [M+H] + .

Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(3-amino-4-methoxy-l-methyllH-indazol-7-yl)pyridin-2-yl)-2-methylbut-3-vn-2-ol
[0650]

(114F):

The title compound (114F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 114E. MS (m/z)
492.2 [M+H] + .
Synthesis of N-((S)-l-(3-(3-amino-4-methoxy-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- l-yl)acetamide (114G):
[0651]

The title compound (114G) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 114F and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (Methanol-^) δ : 8.72 - 8.62

(m), 7.66 (dd), 7.51 (dd), 7.19 (d), 6.87 - 6.65 (m), 6.65 - 6.51 (m), 6.44 (d), 6.40 - 6.30 (m),

5.34 - 5.26 (m), 5.11 - 4.99 (m), 4.79 - 4.71 (m), 4.02 (d), 3.28 - 3.22 (m), 3.14 (d), 3.07 (dd),
3.02 - 2.90 (m), 2.83 (s), 2.53 - 2.35 (m), 1.63 (d), 1.38 (q), 1.11 - 0.99 (m). MS
[M+H] + .

Example 115.

(m/z)

738.6
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Synthesis of (S)-(2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-difluorophenyl)ethyl)-6-(3,3dimethylbut-l-yn-l-yl)pyridin-3-yl)boronic
[0652]

acid (115A):

The title compound (115 A) was prepared according to the method presented for the

synthesis of compound 117B of Example 117 utilizing (S)-(6-bromo-2-(l-((tertbutoxycarbonyl)amino)-2-(3,5-difluorophenyl)ethyl)pyridin-3-yl)boronic
dimethylbut-l-yne. MS (

acid (117A) and 3,3-

z): 459.22 [M+H] + .

Synthesis of (S)-tert-butyl (l-(3-(3-amino-5-chloro-ri,2,41triazolor4,3-a1pyridin-8-yl)-6-(3,3dimethylbut- 1-yn- l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0653]

(115B):

The title compound (115B) was prepared according to the method presented for the

synthesis of compound 106C of Example 106 utilizing compound 115A and compound 106B.
MS

(m/z):

581.14 [M+H] +.

Synthesis of N- S -l -('3-(' 3-amino-5-chloro -ri ,2,41triazolor4,3-alpyridin-8-yl)-6-( ' 3,3dimethylbut-l-vn-l-vDpyridin^-vD^-CS.S-difluorophenvDethvD^-CCSbS^aR)^(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- l-yl)acetamide (115C):
[0654]

The title compound (115C) was prepared according to the method presented for the

synthesis of compound 37E of Example 37 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid and

compound 115B. 1H NMR (400 MHz, Methanol-^): δ 8.74 (d), 7.68 (d), 7.45 (d), 7.03 (d),

287

6.69-6.62 (m), 6.65 (t), 6.59-6.45 (m), 5.36-5.14 (m), 4.69 (s), 3.23-3.05 (m), 2.59-2.22 (m),
1.39 (s), 1.41-1.28 (m), 1.13 - 0.83 (m). MS (

z): 727.41 [M+H] + .

Example 116.

Synthesis of N- S - l -(' 3-(' 3-amino-5-methyl -ri ,2,41triazolor4,3-alpyria in-8-yl)-6-(' 3,3dimethylbut-l-vn-l-yl)pyridin-2-yl)-2-(

' 3,5-difluorophenyl)ethyl)-2-( ' (' 3bS,4aR)-3-

(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (116A):
[0655]

In a microwave tube were charged with compound 115C (15mg, 0.02 mmol),

trimethylboroxine (9 µ , 0.06 mmol), potassium carbonate (8.5 mg, 0.06 mmol) and
PdCi 2 [PPh3]2 (1.5 mg, 0.002 mmol). To the mixture was added 1 mL of 1,4-dioxane and 0.1 mL
of water. The mixture was heated to 160 °C for 20 minutes in a microwave synthesizer. After
cooled to room temperature, it was partitioned between EtOAc and water. The organic layer was
separated and washed with brine, then dried over MgS0 4 , filtered and concentrated. The residue
was purified by reverse phase HPLC to afford the title compound 116A. 1H NMR (400 MHz,
Methanol-^) δ 8.82 (d), 7.67 (d), 7.47 (d), 6.87 (dd), 6.72-6.65 (m), 6.68 (t), 6.58 - 6.45 (m),
5.26-5.11 (m), 4.70 (s), 3.25-3.05 (m), 2.99 (d), 2.58-2.32 (m), 1.39 (s), 1.39-1.37 (m), 1.14-0.88
(m). MS (m/z) 707.30 [M+H] + .

[0656]

Compound 116B was obtained as a side product. MS (m z): 693.23 [M+H] + .

Example 117.
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14A

117A

Synthesis of (S)-(6-bromo-2-(l-((tert-butoxycarbonyl)amino)-2-(3,5difluorophenyl)ethyl)pyridin-3-yl)boronic acid (117A):
[0657]

To a solution (S)-tert-butyl (l-(3,6-dibromopyridin-2-yl)-2-(3,5-

difluorophenyl)ethyl)carbamate (14A) (6.2 g, 12.6 mmol) in 2-methyltetrahydrofuran (25 ml)
was added dropwise 1M LiHMDS in THF (12.6 ml) at 0 °C. After stirring at room temperature
for 20 minutes, the reaction was concentrated in vacuo, dissolved in toluene (30 mL),
concentrated in vacuo, and re-dissolved in 2-MeTHF (25 ml). To the resulting solution was
added triisopropyl borate (7.11 ml, 37.8 mmol) at -78 °C followed by the dropwise addition of
1M n-butyllithium in hexanes (20 ml) over 15 minutes. After stirring for 5 minutes, the

reactions were gradually warmed to 0 °C, and quenched with 4M aqueous NH4C 1
(75mL). Additional 2-MeTHF (25 mL) was added and the organic layer was dried with Na2S0 4 ,
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filtered, and concentrated in vacuo. The crude product was taken to the next step without further
purification. MS (m/z) 456.87 [M+H] + .
Synthesis of (S)-(2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy3-methylbut-l-vn-l-yl)pyridin-3-yl)boronic
[0658]

acid (117B):

A solution of (S)-(6-bromo-2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-

difluorophenyl)ethyl)pyridin-3-yl)boronic acid (117A) (5.76 g, 12.6 mmol), 2-methyl-3-butyn-2ol (2.44 ml, 25.2 mmol), and triethylamine (7.0 ml, 50.4 mmol) in tetrahydrofuran (21 ml) was

degassed with argon. To the reaction was added Cul (72 mg, 0.38 mmol) and PdCl 2(PPh3)2
(2.65 g, 0.38 mmol) and the resulting mixture was stirred at room temperature for lh. The

reaction was concentrated in vacuo and extracted with ethyl acetate and water. The organic
layer was dried with Na2S0 4 , filtered, concentrated in vacuo, and purified by silica
chromatography to give the title compound. MS (m/z) 460.11 [M+H] + .
Synthesis of 8-bromo-N-(2,2,2-trifluoroethyl )-ri ,2,41triazolor4,3-alpyridin-3-amine (117C):
[0659]

The title compound (117C) was prepared according to the method presented for the

synthesis of 76C in Example 76 utilizing 3-bromo-2-hydrazinylpyridine and l,l,l-trifluoro-2isothiocyanatoethane. MS (m/z) 295.0 [M+H] + .
Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3(3-((2,2,2-trifluoroethyl)amino )- i ,2,41triazolor43-alpyridin-8-yl)pyridin-2-yl)ethyl)carbamate
(117D):

[0660]

In a microwave vial, (S)-(2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-

difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)boronic

acid

(117B, 30 mg, 0.07 mmol) was combined with 8-bromo-N-(2,2,2-trifluoroethyl)-

[l,2,4]triazolo[4,3-a]pyridin-3-amine (117C, 19 mg, 0.07 mmol), PdCl 2(PPh3)2 (2 mg, 5 mol%),
K2C0 3 (65 ml of 2 M aqueous solution), and LiCl ( 1 mg) in dioxane ( 1 ml). Argon was bubbled
into the reaction solution for 5 min. The reaction was heated in a microwave reactor at 155 °C
for 15 min. After cooling to ambient temperature, the reaction was partitioned between EtOAc
and water. The organics were separated, dried, and removed in vacuo and the residue was
purified by column chromatography on silica to provide the title compound (117D). MS (m/z)
631.0 [M+H] + .
Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(3-((2,2,2-trifluoroethyl)amino)ri ,2,41triazolor4,3-alpyridin-8-yl)pyridin-2-yl)-2-methylbut-3-vn-2-ol

(117E):
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[0661]

The title compound (117E) was prepared according to the method presented for the

synthesis of compound 19F of Example 19 utilizing compound 117D.
Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-vn-l-yl)-3-(3-((2,2,2-trifluoroethyl)amino

)-r i ,2,41triazolor4,3-alpyridin-8-

yl)pyridin-2-yl)ethyl)acetamide (117F):
[0662]

The title compound (117F) was prepared according to the method presented for the

synthesis of compound 37E of Example 37 utilizing compound 117E. 1H NMR (400 MHz,
Methanol-^) δ 8.85 (d), 8.34 (d), 7.76 (d), 7.56 (d), 7.38 (s), 7.23 (t), 6.67 (t), 6.66 - 6.58 (m),
6.51 - 6.45 (m), 5.30 - 5.12 (m), 4.69 (s), 4.33 - 4.18 (m), 3.27 - 3.04 (m), 2.53 - 2.36 (m), 2.00

(d), 1.43 - 1.26 (m), 1.03 (s). MS (

z) 777.1 [M+H] + .

Example 118.

Synthesis of N-((S)-l-(3-(5-chloro-3-(methylsulfonamido

) - i ,2,4ltriazolor4,3-alpyridin-8-yl)-6-

(3,3-dimethylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,4lcvclopentar 1,2clpyrazol-l-yl)acetamide
[0663]

(118):

The title compound (118) was prepared according to the method presented for the

synthesis of compound 19D of Example 19 utilizing compound 115C. 1H NMR (400 MHz,
Methanol-^) δ 8.67 (d), 7.69 (d), 7.42 (d), 7.09 - 6.97 (m), 6.89 (d), 6.70 (t), 6.63 (t), 6.53 6.41 (m), 5.37-5.19 (m), 4.72 (s), 3.22 - 3.00 (m), 3.11 (s), 2.56 - 2.35 (m), 1.39 (s), 1.39 - 1.33

(m), 1.13 - 0.91 (m).. MS (

Example 119.

z): 805.78 [M+H] + .
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Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(sulfamoylarnino)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

[0664]

(119A):

The title compound (119A) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 70 in Example 70 utilizing 55A. MS

(m/z)

675.0 [M+H] + .

Synthesis of 119B:

[0665]

The title compound (119B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 19F in Example 19 utilizing 119A. MS

(m/z)

575.2

[M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(sulfamoylamino)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazoll-yl)acetamide (119C):

[0666]

The title compound (119C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 10A in Example 10 utilizing 119B and 2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazoll-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 8.76 (d), 7.68 (dd), 7.53 (dd), 7.14 (q),
7.05 (d), 6.82 - 6.69 (m), 6.69 - 6.57 (m), 6.46 - 6.40 (m), 6.40 - 6.30 (m), 5.33 - 5.21 (m),
5.05 - 4.92 (m), 4.81 - 4.76 (m), 3.52 - 3.43 (m), 3.29 - 3.20 (m), 3.12 (dd), 3.06 - 2.92 (m),

2.60 - 2.40 (m), 1.49 - 1.31 (m), 1.25 (dd), 1.17 - 1.03 (m). MS (m z): 839.8 [M+H] + .
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Exam le 120.

Synthesis of 5-bromo-3-methylimidazori,5-alpyridine
[0667]

(120A):

6-(Bromopyridin-2-yl)methylamine (4.0 g, 21.4 mmol) was added dropwise to acetic

anhydride (10 ml) at 0 °C. The reaction was warmed to room temperature and to the reaction
was added p-toluenesulfonic acid (4.07 g, 20.4 mmol). The reaction was heated in a microwave
reactor at 140°C for 25 minutes. The reaction was concentrated in vacuo, the crude product was
taken up in water, pH adjusted to ~9 with IN aqueous NaOH, and extracted with twice with
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ethyl acetate. The organic layers were dried with Na2S0 4 , filtered, concentrated in vacuo, and
purified by silica gel chromatography to give the title compound. MS (m/z) 213.06 [M+H] + .
Synthesis of 5-bromo-3-methyl-l-nitroimidazori,5-alpyridine
[0668]

To 5-bromo-3-methylimidazo[l,5-a]pyridine

(15 ml) was added dropwise a solution of 70% HN0

(120B):

(120A) (3.0 g, 14.2 mmol) in acetic acid
3

(0.82 ml) and cone. H 2S0 4 (0.82 ml) in

acetic acid (8 ml). An exotherm was produced during the reaction. After stirring at room
temperature for 45 mins, the resulting solution was added to stirring mixture of ice and brine
(150 mL). To the chilled solution was added 8M aqueous NaOH (4.3mL). The yellow

precipitate was filtered and washed with water. The crude product was taken to the next step
without further purification. MS (m/z) 255.95 [M+H] + .
Synthesis of N-(5-bromo-3-methylimidazori,5-alpyridin-l-yl)-2,2,2-trifluoroacetamide
[0669]

To a solution of 5-bromo-3-methyl-l-nitroimidazo[l,5-a]pyridine

(120C):

(120B) (0.30 g, 1.17

mmol) and trifluoroacetic acid anhydride (0.5 ml, 3.51 mmol) in trifluoroacetic acid (4.2 ml)
was added in portions zinc dust (0.15 g, 2.34 mmol). The reaction produces a strong
exotherm. Upon completion, the reaction was concentrated in vacuo, and extracted with EtOAc
and saturated aqueous NaHC0 3 . The organic layer was dried with Na2S0 4 , filtered,
concentrated in vacuo, and purified by silica gel chromatography eluting with ethyl acetate and
hexanes to give the title compound. MS (m/z) 322.018 [M+H] + .
Synthesis of 5-bromo-3-methylimidazori,5-alpyridin-l-amine
[0670]

(120D):

A solution of N-(5-bromo-3-methylimidazo[l,5-a]pyridin-l-yl)-2,2,2-

trifluoroacetamide (120C) (50 mg, 0.16 mmol) in 7N ammonia in methanol ( 1 ml) was heated in
a microwave reactor at 70 °C for 30 minutes. The reaction was concentrated in vacuo. The
resulting crude mixture was suspended in EtOAc, concentrated in vacuo, and dried under
vacuum. The crude product was taken to the next step without further purification. MS (m/z)
228.12 [M+H] + .
Synthesis of N-(5-bromo-3-methyliiiudazo[l,5-a1pyridin-l-yl)methanesulfonamide
[0671]

To a solution of 5-bromo-3-methylimidazo[l,5-a]pyridin-l-amine

(120E):

(120D) (35 mg) and

triethylamine (48 ul, 0.34 mmol) in dichloromethane (0.5 ml) was added methanesulfonyl
chloride (24 µ ΐ , 0.31 mmol). After stirring at room temperature for 30 minutes, 2M
methylamine in THF (0.250mL) was added, and the reaction was concentrated in vacuo. The
crude product was dissolved in 2-propanol (2.0 mL) and to the reaction was added 1.0M aqueous
NaOH (2.0 mL). After stirring at room temperature for 1.5 h, the reaction was acidified with
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AcOH (180 uL), and the resulting mixture was concentrated in vacuo. The mixture was
extracted with ethyl acetate and water. The organic layers were dried with Na2S0 4 , filtered,
concentrated in vacuo, and purified by silica gel chromatography to give the title compound.
MS (m/z) 305.88 [M+H] +.

Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3(3-methyl-l-(methylsulfonamido)imidazori,5-alpyridin-5-yl)pyridin-2-yl)ethyl)carbamate
(120F):

[0672]

A solution of N-(5-bromo-3-methylimidazo[l,5-a]pyridin-l-yl)methanesulfonamide

(120E) (50 mg, 0.16 mmol), (S)-(2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-

difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)boronic

acid (117B)

(90.8 mg, 0.20 µιηο ΐ ) , and dichlorobis(triphenylphosphine)palladium(II) (11.5 mg, 0.016 mmol)

in dioxane (1.2 ml) was purged with argon. To the reaction was added 1M aqueous Na2C0 3 (0.4
ml), solution was purged with argon, and heated in a microwave reactor for 30 mins at 120
°C. To the resulting solution was added 5% AcOH in brine (10 mL) and was extracted twice

with EtOAc. The organic layers were dried with Na2S0 4 , filtered, concentrated in vacuo, and
purified by silica gel chromatography to give the title compound as a mixture of atropisomers.
MS (m/z) 639.94 [M+H] +.

Synthesis of (S)-N-(5-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-l-vn1- yl)pyridin-3-yl)-3-methylimidazori,5-alpyridin-l-yl)methanesulfonamide

[0673]

(120G):

(S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hydroxy-3-methylbut-l-yn-l-yl)-3-(3-

methyl-l-(methylsulfonamido)imidazo[l,5-a]pyridin-5-yl)pyridin-2-yl)ethyl)carbamate

(120F)

(75 mg ,0.12 mmol) was dissolved in DCM (1.0 mL) and TFA (0.5 mL) and stirred at room

temperature for 30 mins. The resulting solution was concentrated in vacuo and extracted with
ethyl acetate and saturated aqueous NaHC0 3 followed by water. The organic layer was dried

with Na2S0 4 , filtered, and concentrated in vacuo. The crude product as a mixture of
atropisomers was taken to the next step without further purification. MS (m/z) 540.12 [M+H] +.
Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentarL2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-vn-l-yl)-3-(3-methyl-l-(methylsulfonamido)imidazorL5-alpyridin-5-yl)pyridin2-yl)ethyl)acetamide (120H):

[0674]

The title compound (120H) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (33F) of Example 33 utilizing (S)-N-(5-(2-(l-

295

amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-3methylimidazo[l,5-a]pyridin-l-yl)methanesulfonamide

(120G). 1H NMR (400 MHz,

Methanol- dA) δ 8.88 - 8.81 (m), 8.75 (d), 7.84 (dd), 7.70 - 7.53 (m), 6.90 (dd), 6.83 - 6.74 (m),
6.73 - 6.65 (m), 6.58 (dd), 6.54 - 6.46 (m), 5.99 (dd), 5.31 - 5.22 (m), 5.01 - 4.92 (m), 4.74 4.61 (m), 3.41 - 3.28 (m), 3.24 - 3.12 (m), 3.10 - 2.99 (m), 2.53 - 2.39 (m), 1.87 (s), 1.65 (s),
1.64 (s), 1.43 - 1.33 (m), 1.11 - 1.04 (m), 1.05 - 0.97 (m). MS (m/z) 786.13 [M+H] + .

Example 121.

Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hydroxy3-methylbut-l-yn-l-yl)-3-(3-methyl-l-(methylsulfonamido)imidazori,5-alpyridin-5-yl)pyridin2-yl)ethyl)acetamide (121):

[0675]

The title compound (121) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (33F) of Example 33 utilizing (S)-N-(5-(2-(lamino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-3methylimidazo[l,5-a]pyridin-l-yl)methanesulfonamide

(120G) and 2-((3bS,4aR)-5,5-difluoro-

3- (trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-

yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 8.97 (d), 8.83 (d), 7.84 (dd), 7.70 (dd), 7.65
- 7.52 (m), 6.96 - 6.86 (m), 6.84 - 6.74 (m), 6.70 - 6.62 (m), 6.62 - 6.55 (m), 6.54 - 6.43 (m),
5.99 (dd), 5.32 - 5.22 (m), 5.01 - 4.89 (m), 4.81 - 4.66 (m), 3.51 - 3.36 (m), 3.26 - 3.15 (m),
3.14 - 2.97 (m), 2.55 - 2.43 (m), 1.88 (s), 1.65 (s), 1.64 (s), 1.46 (s), 1.45 - 1.36 (m), 1.13 (s),
1.09 - 1.04 (m). MS (m z) 804.15 [M+H] + .

Example 122.

296

Synthesis of (S)-N-(l-(3-(4-chloro-l-methyl-3-(sulfamoylamino)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(difluoromethyl)-4,4J,7-tetrafluoro-4,5,6J-tetrahydro-lH-indazol-l-yl)acetamide
[0676]

(122):

The title compound (122) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 10A in Example 10 utilizing 119B and 2-(3(difluoromethyl)-4,4,7,7-tetrafluoro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid. 1H NMR

(400 MHz, Methanol-^) δ 8.91 - 8.81 (m), 7.69 (dd), 7.53 (dd), 7.22 - 7.12 (m), 7.06 (d), 6.98 -

6.59 (m), 6.50 - 6.32 (m), 5.36 - 5.24 (m), 4.99 (d), 3.34 (s), 3.24 (dd), 3.14 (dd), 3.02 (s), 2.97
(dd), 2.66 - 2.38 (m), 1.63 (s). MS (

z): 859.3 [M+H] + .

Example

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-((N-methylsulfamoyl)amino)-lH-indazol-7-yl)6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,4lcvclopentar 1,2clpyrazol-l-yl)acetamide (123):
[0677]

The title compound (123) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of 70 in Example 70 utilizing 57 and methylsulfamoyl
chloride. 1H NMR (400 MHz, Methanol-^) δ 8.75 - 8.67 (m), 7.68 (d), 7.57 - 7.51 (m), 7.15
(d), 7.06 (d), 6.86 - 6.52 (m), 6.48 - 6.29 (m), 5.33 - 5.23 (m), 4.96 (q), 4.80 - 4.64 (m), 3.21 -
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3.05 (m), 3.05 - 2.89 (m), 2.78 (s), 2.72 (s), 2.55 - 2.39 (m), 1.64 (s), 1.48 - 1.28 (m), 1.11 0.95 (m). MS (m/z) 835.8 [M+H] + .

Example 124.

Synthesis of (S)-N-( l-(3-(4-cMoro-l-metfayl-3-(metfaylsiilfonamiclo)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(trifluoromethyl)-4,5,6 J-tetrahydro- lH-indazol- l-yl)acetamide (124):

[0678]

The title compound (124) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing (S)-N-(7-(2-(lamino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-4-chloro1-methyl- lH-indazol-3-yl)methanesulfonamide
tetrahydro-lH-indazol-l-yl)acetic

(19F) and 2-(3-(trifluoromethyl)-4,5,6,7-

acid. 1H NMR (400 MHz, Methanol-^) 8.68 (t), 7.71 (dd),

7.54 (dd), 7.25 - 7.14 (m), 7.11 (d), 6.80 - 6.73 (m), 6.69 - 6.60 (m), 6.53 (dd), 6.46 - 6.36 (m),
5.29 - 5.22 (m), 5.04 - 4.96 (m), 4.91 - 4.75 (m), 4.72 (d), 4.67 (d), 4.17 (s), 3.58 (s), 3.33 (s),
3.26 (s), 3.23 (s), 3.15 (dd), 3.04 (s), 3.02 - 2.94 (m), 2.65 - 2.43 (m), 2.40 - 2.28 (m), 1.85 1.69 (m), 1.64 (s), 1.64 (s). MS (m z) 804.18 [M+H] + .

Examples 125 and 126.
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Synthesis of 3-chloro-4,5,6,7-tetrahydro-lH-indazole
[0679]

(125A):

A solution of 4,5,6,7-tetrahydro-lH-indazol-3-ol

(0.41 g, 3.0 mmol) in

trichlorophosphate (1.5 ml) was heated in a microwave reactor under argon at 225 °C for 15
minutes. The reaction was concentrated in vacuo and carefully quenched with l.ON aqueous
NaOH at 0°C and extracted with dichloromethane. The organic layer was dried with Na2S0 4 ,
filtered, concentrated in vacuo and purified by silica gel chromatography to give the title
compound. MS (

z) 157.14 [M+H] + .

Synthesis of a 1:5 mixture of ethyl 2-(3-chloro-4,5,6,7-tetrahvdro-2H-indazol-2-yl)acetate
ethyl 2-(3-chloro-4,5,6,7-tetrahvdro-lH-indazol-l-yl)acetate
[0680]

and

(125B):

To a solution of 3-chloro-4,5,6,7-tetrahydro-lH-indazole

(125A) in DMF (1.6 ml) was

added portionwise NaH (60% w/ mineral oil) (74.9 mg, 1.95 mmol). After stirring at room
temperature for 15 mins, ethyl bromoacetate (0.22 ml, 1.95 mmol) was added dropwise at
0°C. The reaction was warmed to room temperature and stirred for 2 h . The reaction was

quenched with water and extracted with ethyl acetate. The organic layer was washed with
water. The organic layer was dried with Na2S0 4 , filtered, concentrated in vacuo and purified by
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silica gel chromatography to give the title compounds as a 1:5 mixture of ethyl 2-(3-chloro4,5,6,7-tetrahydro-2H-indazol-2-yl)acetate
l-yl)acetate (125B). MS (

and ethyl 2-(3-chloro-4,5,6,7-tetrahydro-lH-indazol-

z)243.11 [M+H] + .

Synthesis of a 1:5 mixture of 2-(3-chloro-4,5,6,7-tetrahydro-2H-indazol-2-yl)acetic
(3-chloro-4,5,6J-tetrahvdro-lH-indazol-l-yl)acetic
[0681]

acid and 2-

acid (125C):

To a 1:5 mixture of ethyl 2-(3-chloro-4,5,6,7-tetrahydro-2H-indazol-2-yl)acetate

and

(125B) (15 mg, 61.8 µιηο ΐ ) in

ethyl 2-(3-chloro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetate

methanol (250 µ ΐ ) was added 2M aqueous LiOH (62 µ ΐ ) . The reaction was heated at 50°C for
1.5 h . The mixture was concentrated in vacuo, extracted with 2-methyltetrahydrofuran (2 mL)

and 0.1N HCl (1.3 mL). The organic layer was dried with Na2S0 4 , filtered, and concentrated in

vacuo. The crude product was taken to the next step without further purification. MS (m/z)
215.14 [M+H] + .
Syntheses of (S)-N-(l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-chloro-4,5,6,7tetrahvdro-2H-indazol-2-yl)acetamide (125D) and of (S)-N-(l-(3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)-2-(3-chloro-4,5,6,7-tetrahydro[0682]

lH-indazol- l-yl)acetamide (126).

The title compounds (125D and 126) were both prepared as mixtures of atropisomers

according to the method presented for the synthesis of compound 33F of Example 33 utilizing
the free base form of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3methylbut-l-yn-l-yl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide
(19F) and 1:5 mixture of 2-(3-chloro-4,5,6,7-tetrahydro-2H-indazol-2-yl)acetic

chloro-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetic

acid and 2- (3-

acid (125C). The regioisomers were separated

by reverse phase HPLC to provide the title products. (125D): 1H NMR (400 MHz, Methanol-

d4) δ 8.56 - 8.45 (m), 7.70 (dd), 7.53 (dd), 7.27 - 7.14 (m), 7.10 (d), 6.79 - 6.71 (m), 6.66 6.59 (m), 6.53 - 6.47 (m), 6.44 - 6.33 (m), 5.32 - 5.22 (m), 5.05 - 4.92 (m), 4.71 (d), 4.67 (s),
3.36 (s), 3.25 (s), 3.23 (s), 3.21 - 3.16 (m), 3.16 - 3.07 (m), 3.03 (s), 3.01 - 2.90 (m), 2.64 - 2.53
(m), 2.44 - 2.30 (m), 1.76 (dd), 1.64 (s), 1.64 (s). MS (m/z)

0.24 [M+H] + . (126): 1H NMR

(400 MHz, Methanol- d4) δ 7.71 (dd), 7.53 (dd), 7.27 - 7.14 (m), 7.11 (d), 6.82 - 6.7 (m), 6.68 -

6.60 (m), 6.54 (d), 6.47 - 6.34 (m), 5.26 (dd), 5.00 (t), 4.60 (s), 4.55 (s), 3.34 (s), 3.26 (s), 3.23
(s), 3.25 - 3.19 (m), 3.17 - 3.10 (m), 3.03 (s), 3.02 - 2.92 (m), 2.47 - 2.27 (m), 1.85 - 1.67 (m),

1.64 (s), 1.64 (s). MS (m/z) 770.24 [M+H] + .
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Example 127.

Synthesis of N-((S)-l-(6-(3-amino-3-methylbut-l-vn-l-yl)-3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,4lcyclopentari,2clpyrazol-l-vPacetamide
[0683]

(127):

The title compound (127) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 142 of Example 142 utilizing 2-methylbut-3yn-2-amine. 1H NMR (400 MHz, cd3od) δ 8.79 (t), 7.79 (d), 7.76 (d), 7.64 (d), 7.61 (d), 7.22 7.15 (m), 7.08 (d), 6.82 - 6.75 (m), 6.70 - 6.63 (m), 6.45 - 6.40 (m), 6.40 - 6.35 (m), 5.30 5.21 (m), 5.04 - 4.95 (m), 4.78 (s), 4.75 (d), 3.32 (s), 3.26 (s), 3.23 (s), 3.20 - 3.13 (m), 3.06 -

2.95 (m), 2.94 (s), 2.50 (ddt), 1.82 (s), 1.82 (s), 1.48 - 1.28 (m), 1.14 (dd), 1.09 - 1.00 (m). MS
(m/z)

838.3 [M+H] + .

Example 128.

Synthesis of Nl,Nl-dimethyl-N2-(2-methylbut-3-vn-2-yl)ethane-l,2-diamine

(128A):
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[0684]

Argon was bubbled through a solution of 2-methylbut-3-yn-2-yl acetate (15.96 mg,

126.5 µηιο ΐ ), copper chloride (0.75 mg, 7.59 µιηο ΐ ), triethylamine (17.63 µ ΐ , 126.5 µιηο ΐ ), and

N,N-dimethylethylenediamine (20.73 µ ΐ , 189.74 µ mol) in DMF (0.2 ml). The reaction was
heated in a microwave reactor at 110 °C for 5 min. The reaction was cooled to room temperature
and telescoped to the next reaction.
Synthesis of N-((S)-l-(6-(3-amino-3-methylbut-l-vn-l-yl)-3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2clpyrazol- l-yl)acetamide (128B):
[0685]

Into the reaction was added 157F (20 mg, 25.3 µιηο ΐ ) in DMF (0.2 mL), Cul ( 1 mg,

5.06 µιηο ΐ ), and PdCl 2 (PPh 3 )2 (3.55 mg, 5.06 µιηο ΐ ) . Argon was bubbled through the reaction
and diethylamine (39 µ ΐ , 379 µιηο ΐ ) was added. The reaction was heated in a microwave reactor
for 15 mins at 125 °C. The excess amines were removed under vacuum and the product was
purified by reverse phase HPLC the title product 128B as a mixture of atropisomers.

H NMR
1

(400 MHz, cd3od) δ 8.76 (t), 7.76 (d), 7.73 (d), 7.64 (d), 7.61 (d), 7.21 - 7.16 (m), 7.07 (d), 6.82

- 6.74 (m), 6.69 - 6.62 (m), 6.45 - 6.40 (m), 6.37 (ddd), 5.30 - 5.24 (m), 4.99 (dd), 4.78 (s),
4.76 (d), 3.60 - 3.48 (m), 3.32 (s), 3.26 (s), 3.23 (s), 3.18 - 3.11 (m), 3.01 (s), 2.97 (s), 2.58 2.42 (m), 1.77 (s), 1.48 - 1.37 (m), 1.13 (tt), 1.10 - 1.03 (m). MS (

z) 908.3 [M+H] + .

Example 129.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(2,3dichlorophenvPacetamide (129):
[0686]

The title compound (129) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(2,3dichlorophenyl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 7.70 (dd), 7.53 (dd), 7.44 (dd),
7.39 (dd), 7.28 - 7.05 (m), 6.80 - 6.69 (m), 6.68 - 6.61 (m), 6.60 (d), 6.48 - 6.36 (m), 5.35 -
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5.20 (m), 5.06 - 4.92 (m), 3.67 (s), 3.62 (s), 3.22 (s), 3.20 - 3.1 1 (m), 3.07 (s), 3.00 (dd), 1.64
(s). MS (m/z) 762.3 [M+H] + .

Example 130.

Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(33dimethylbut-l-vn-l-yl)-3-(5-methoxy-3-(methylsulfonamido

)-ri ,2,41triazolor4,3-alpyridin-8-

yl)pyridin-2-yl)ethyl)acetamide (130):
[0687]

To compound 115C (15 mg, 0.2 mmol) dissolved in 0.5 mL of methylene chloride was

added triethylamine (37 µ , 0.2 mmol) followed by methanesulfonyl chloride (8 µ , 0.1 mmol).
The reaction mixture was allowed to stir at room temperature for 30 minutes. The reaction was
diluted with methylene chloride and water. The organic layer was separated, dried over sodium
sulfate, filtered and concentrated. The residue was dissolved in 1 mL of methanol and to it was
added 0.1 mL of 15 % NaOH aqueous solution. The mixture was stirred at 40 °C for overnight
then 60 °C for 7 hours. The solvent was removed and the residue was purified by RP-HPLC to
afford the title compound 130. 1H NMR (400 MHz, Methanol-^) δ 7.68 (d), 7.43 (d), 7.22 7.11 (m), 6.70 (t), 6.63 (t), 6.53 - 6.43 (m), 6.27 (d), 5.28 (t), 4.71 (s), 4.12 (s), 3.26 - 2.89 (m),

3.18 (s), 2.52 - 2.40 (m), 1.40 - 1.31 (m), 1.39 (s), 1.09 - 1.00 (m). MS (m z): 801.65 [M+H] + .

Example 131.
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Synthesis of (S)-tert-butyl (l-(3-bromo-6-(3,3-dimethylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (131A):
The title compound (131A) was prepared according to the method presented for the

[0688]

synthesis of compound 4F of Example 4 utilizing compound 14A and 3,3-dimethylbut-lyne. MS (

z) 494.92 [M+H] +.

Synthesis of (S)-tert-butyl (l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(33dimethylbut- 1-yn- l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(131B):

The title compound (131B) was prepared as a mixture of atropisomers according to the

[0689]

method presented for the synthesis of compound 19E of Example 19 utilizing compound 131A
and compound 19C. MS (

z) 594.44 [M+H] +.

Synthesis of (S)-7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3,3-dimethylbut-l-vn-lyl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-amine

(131C):

The title compound (131 C) was prepared as a mixture of atropisomers according to the

[0690]

method presented for the synthesis of compound 105C of Example 105 utilizing compound
131B. MS (m/z) 494.26 [M+H] +.

Synthesis of N- S -l -('3-(' 3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-( ' 3,3-dimethylbut-lvn-l -v pyridin -v

- S -dif uorophenv ethv

- SbS a

-S- dif uoromethv -

-

difluoro-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide
(131

[0691]

:

The title compound 131D was prepared as a mixture of atropisomers

according to the method presented for the synthesis of compound 37E of Example 37 utilizing 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-
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cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid and compound 131C. MS (m/z) 740.35

[M+H] + .

Synthesis of N- S - l -(' 3-(' 4-chloro-l-methyl-3-( ' methylsulfonamido)-lH-indazol-7-yl)-6-(
dimethylbut- l -vn- l -v pyridin- -v - - S -dif uorophenv ethv - - SbS aR
(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-

' 3,3-

-

lH-cvclopropar3,41cvclopentar 1,2-

clpyrazol- l-yl)acetamide (131E):
[0692]

The title compound (131E) was prepared according to the method presented for the

synthesis of compound 19D of Example 19 utilizing compound 131D. 1H NMR (400 MHz,
Methanol- d ) δ 7.67 - 7.63 (m), 7.49 - 7.44 (m), 7.17 (d), 7.06 (d), 6.90 - 6.47 (m), 6.79 (t),
6.47 - 6.20 (m), 5.33-5.23 (m), 4.95 (t), 4.79 - 4.49 (m), 3.33 (s), 3.24 (d), 3.13 (dd), 3.05 -

2.83 (m), 3.00 (s), 2.58 - 2.14 (m), 1.43-1.31 (m), 1.41 (s), 1.13 - 0.93 (m). MS (m/z): 818.15
[M+H] + .

Example 132.

132A

Synthesis of 7-bromo-4-fluoro-l-methyl-lH-indazol-3-amine
[0693]

A solution of 4-fluoro-l-methyl-lH-indazol-3-amine

132B

(132A):
(4.3 g, 26 mmol) in concentrated

sulfuric acid (26 ml) was cooled to 0 °C then treated in three portions with N-bromosuccinimide
(4.64 g, 26 mmol). The reaction was allowed to slowly reach room temperature and stirred for
15 h . The reaction was carefully quenched with water, filtered, and the filtrate was neutralized.

The neutralized solution was then extracted with ethyl acetate, dried over sodium sulfate, filtered
and concentrated. The crude material was purified by silica gel chromatography to give the title
compound. MS (m z) 246.1[M+H] + .
Synthesis of N-(7-bromo-4-fluoro-l -methyl- lH-indazol-3-yl)methanesulfonamide
[0694]

(132B):

The title compound was prepared similarly to 108B of Example 108 starting from

132A. MS (m/z) 320.3 [M-H] .
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Synthesis of 2-((3bS,4aR)-5,5-difluoro-3-( ' trifluoromethyl)-3b,4,4a,5-tetrahvdro-lHcvclopropar3^1cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(3-(4-fluoro-lmethyl-3-(methylsulfonamido)- lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-

1-yn- l-vPpyridin-

2-yl)ethyl)acetamide (132C):
[0695]

The title compound (132C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 117F of Example 117 utilizing 132B , 117B
and 2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, cd3od) δ 8.80 -

8.75 (m), 7.70 (d), 7.65 - 7.59 (m), 7.52 (d), 7.35 - 7.30 (m), 7.22 - 7.17 (m), 7.1 1 - 7.06 (m),

6.75 - 6.70 (m), 6.49 - 6.44 (m), 6.23 - 6.16 (m), 5.52 - 5.47 (m),5.00-4.95 (m), 4.86 (d), 3.26

(0, 3.02 - 2.97 (m), 2.52 - 2.47 (m), 1.63 (s), 1.45 - 1.36 (m), 1.33 - 1.27 (m), 1.15 - 1.10 (m).
MS (m/z) 822.1 [M+H] + .

Example 133.

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(33dimethylbut-l-vn-l-yl)-3-(5-methyl-3-(methylsulfonamido

)-ri ,2,41triazolor4,3-alpyridin-8-

yl)pyridin-2-yl)ethyl)acetamide (133):
[0696]

The title compound (133) was prepared according to the method presented for the

synthesis of compound 19D of Example 19 utilizing compound 116A. 1H NMR (400 MHz,
Methanol- d

): δ

7.66 (d), 7.41 (dd), 7.02 - 6.90 (m), 6.71 (t), 6.63 (t), 6.56 - 6.37 (m), 5.41-5.23
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(m), 4.74 (d), 3.23 - 2.75 (m), 3.06 (s), 2.92 (s), 2.46 (ddd), 1.45 - 1.32 (m), 1.39 (s), 1.11 1.01 (m). MS (m/z): 785.31 [M+H] + .

Example 134.

Synthesis of 2-((3bS,4aR)-3-( ' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(33dimethylbut-l-yn-l-yl)-3-(3-(methylsulfo
yl)ethyl)acetamide (134):

[0697]

The title compound (134) was prepared according to the method presented for the

synthesis of compound 19D of Example 19 utilizing compound 116B. 1H NMR (400 MHz,
Methanol-^) δ 8.69 (d), 8.04 (dd), 7.71 (d), 7.43 (d), 7.21-7.12 (m), 6.91 (t), 6.70 (t), 6.62 (t),
6.50-6.41 (m), 5.41-5.26 (m), 4.74 (s), 3.25 - 3.10 (m), 3.06 (s), 2.55 - 2.36 (m), 1.43-1.21 (m),
1.40 (s), 1.14-0.96 ( m). MS (m z): 771.12 [M+H] + .

Example 135.

135A

135B

Synthesis of N-((S)-l-(5-amino-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- l-yl)acetamide (135A):

[0698]

The title compound (135A) may be prepared analogously to the method presented for

the synthesis of compound 139A of Example 139 utilizing 2-((3bS,4aR)-5,5-difluoro-3-
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(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
acid and compound 182H. MS (m/z): 853.26 [M+H] + .
Synthesis of N- S - l -(' 3-(' 4-chloro-l-methyl-3-( ' methylsulfonamido)-lH-indazol-7-yl)-6-(

' 3-

hvdroxy-3-methylbut-l-vn-l-yl)-5-methoxypyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0699]

(135B):

To a solution of compound 135A (25 mg, 0.029 mmol) in MeOH ( 1 mL) was added t-

butyl nitrite (15 mg, 0.15 mmol). The resulting solution was heated at 50 °C for 2 h . The
volatiles were removed in vacuo and residue was purified by reverse phase HPLC to yield the
title compound as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ 8.73 (dd), 7.69
(dd), 7.53 (dd), 7.34 (d), 7.22 - 7.10 (m), 7.05 (dd), 6.76 (t), 6.52 - 6.23 (m), 4.82 - 4.67 (m),
3.87 (d), 3.37 (s), 3.24 (d), 3.17 - 3.04 (m), 2.97 (q), 2.49 (s), 1.71 - 1.55 (m), 1.49 - 1.31 (m),
1.07 (s).MS (m/z) 868.24 [M+H] + .

Exampl

136C

Synthesis of 7-bromo-4-chloro-l-methyl-lH-indazole
[0700]

136D

(136A):

Compound 19B (150 mg, 0.58 mmol) was dissolved in Me-THF and treated with tert-

butyl nitrite (0.21 ml, 1.73 mmol). The reaction was heated to 75 0 C for 2 h . The reaction was
diluted with EtOAc and saturated aqueous NaCl. The organics were separated, dried, and
removed in vacuo and the residue was purified by column chromatography on silica to provide
the title compound (136A). MS (m/z) 247.0 [M+H] + .
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Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-lH-indazol-7-yl)-6-ethvnylpyridin-2-yl)-2(3,5-difluorophenyl)ethyl)carbamate (136B):
[0701]

In a microwave vial, (S)-(2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-

difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)boronic

acid

(117B, 35 mg, 0.08 mmol) was combined with 7-bromo-4-chloro-l-methyl-lH-indazole

(136A,

19 mg, 0.08 mmol), PdCl 2(PCy3)2 (6 mg), and NaHC0 3 (228 µΐ of 1 M aqueous solution) in

dioxane ( 1 ml). Argon was bubbled into the reaction solution for 5 min. The reaction was heated
in a microwave reactor at 155 °C for 15 min. After cooling to ambient temperature, the reaction
was partitioned between EtOAc and water. The organics were separated, dried, and removed in
vacuo and the residue was purified by column chromatography on silica to provide the title
compound (136B). MS (

z) 523.2 [M+H] + .

Synthesis of N-((S)-l-( ' 3-(' 4-chloro-l-methyl-lH-indazol-7-yl)-6-ethvnylpyridin-2-yl)-2-(

' 3,5-

difluorophenyl)ethyl)-2-( ' (' 3bS,4aR)-3-(' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide
[0702]

(136C):

The title compound (136 C) was prepared according to the method presented for the

synthesis of compound 19F of Example 19 utilizing compound 136B.

MS

(m/z):

423.1

[M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-lH-indazol-7-yl)-6-ethvnylpyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)acetamide
[0703]

(136D):

The title compound (136D) was prepared according to the method presented for the

synthesis of compound 10A of Example 10 utilizing compound 136C and 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid. 1H NMR (400 MHz, DMSO-J 6) δ 8.89 (d), 8.23 (s), 7.87 (t), 7.66
(dd), 7.43 (d), 7.29 (d), 7.07 - 6.99 (m), 6.98 - 6.96 (m), 6.94 (t), 5.25 - 5.1 1 (m), 4.90 - 4.62
(m), 3.27 - 2.97 (m), 2.61 - 2.49 (m), 1.44 - 1.30 (m), 0.95 - 0.84 (m). MS (m z): 669.1
[M+H] + .

Example 137.
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Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-lH-indazol-7-yl)-6-ethvnylpyridin-2-yl)-2(3,5-difruorophenyl)ethyl)carbamate (137A):
[0704]

In a microwave vial, (S)-(2-(l-((tert-butoxycarbonyl)amino)-2-(3,5-

difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)boronic
mg, 0.08 mmol) was combined with 7-bromo-4-chloro-l-methyl-lH-indazole

acid (117B, 35
(136A, 19 mg,

0.08 mmol), PdCl 2(PPh3)2 (5 mg), and K2C0 3 (95 µΐ of 2 M aqueous solution) in dioxane ( 1 ml).

Argon was bubbled into the reaction solution for 5 min. The reaction was heated in a microwave
reactor at 115 °C for 15 min. After cooling to ambient temperature, the reaction was partitioned
between EtOAc and water. The organics were separated, dried, and removed in vacuo and the
residue was purified by column chromatography on silica to provide the title compound as a
mixture of atropisomers. MS (m/z) 581.0 [M+H] +.
Synthesis of (S)-4-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(4-chloro-l -methyl- lH-indazol7-yl)pyridin-2-yl)-2-methylbut-3-vn-2-ol (137B):
[0705]

The title compound (137B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing compound 137A.
MS (m/ z ) 481.1 [M+H] +.

Synthesis of N-((S)-l-(3-(4-chloro-l -methyl- lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vnl-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

(137C):
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[0706]

The title compound (137C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing compound 137B
and 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, Methanol-^) δ

8.75 - 8.70 (m), 8.70 - 8.62 (m), 8.10 - 8.05 (m), 7.69 (dd), 7.53 (dd), 7.18 (s), 7.08 (d), 6.89 -

6.52 (m), 6.42 (d), 6.39 - 6.30 (m), 5.31 - 5.20 (m), 5.04 - 4.91 (m), 4.70 (d), 3.48 (t), 3.40 (s),
3.19 - 3.07 (m), 3.04 (s), 2.96 (dd), 2.54 - 2.38 (m), 1.64 (d), 1.44 - 1.27 (m), 1.14 - 0.96 (m).
MS

(m/z):

727.1 [M+H] + .

Example 138.

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-l-(3-(3-(difluoromethyl)i

,2,41triazolor43-alpyridin-8-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-

difluorophenvDethvDacetamide (138):

[0707]

The title compound (138) was prepared according to the method presented for the

synthesis of compound 106E of Example 106 utilizing compound 117B and 8-bromo-5-chloro3-(difluoromethyl)-[l,2,4]triazolo[4,3-a]pyridine.

H NMR (400 MHz, Methanol-^)
1

δ 8.61 (dd),

7.78 (dd), 7.55 (d), 7.48 (t), 7.46 - 7.37 (m), 7.33 - 7.18 (m), 6.83 - 6.74 (m), 6.67 (t), 6.62 6.47 (m), 6.46 - 6.35 (m), 5.38 - 5.03 (m), 4.75 - 4.57 (m), 3.26 - 3.17 (m), 3.17 - 2.98 (m),
2.44 (ddd), 1.61 (d), 1.42-1.30 (m), 1.06 - 0.96 (m, 1H). MS (m z): 730.22 [M+H] + .
Example 139.
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139A

139B

Synthesis of N-((S)-l-(5-amino-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (139A):
[0708]

The title compound (139A) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19G of Example 19 utilizing compound 182H.
MS (m/z): 835.67 [M+H] + .

Synthesis of N- S - l -(' 3-(' 4-chloro-l-methyl-3-( ' methylsulfonamido)-lH-indazol-7-yl)-6-( ' 3hydroxy-3-methylbut-l-yn-l-yl)-5-methoxypyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-23bS,4aR -3-('difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-

cvclopropar3,41cvclopentar 1,2-clpyrazol- l-yl)acetamide (139B):
[0709]

The title compound (139B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 135A of Example 135 utilizing compound
139A. 1H NMR (400 MHz, Methanol-^) δ 8.62 (t), 7.75 - 7.47 (m), 7.34 (d), 7.21 - 6.96 (m),

6.90 - 6.64 (m), 6.53 - 6.21 (m), 4.78 - 4.60 (m), 3.86 (d), 3.36 (s), 3.24 (d), 3.15 - 3.07 (m),
3.01 - 2.90 (m), 2.61 - 2.35 (m), 1.64 (d), 1.37 (q), 1.28 (d), 1.03 (d).MS (m z) 850.52 [M+H] + .

Example 140.
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140

140L
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Synthesis of tert-butyl(((lR,2S,3R,5R)-2-(methoxymethoxy)bicyclor3.1.01hexan-3yl)oxy)dimethylsilane (140A):

[0710]

To a solution of (lR,2S,3R,5R)-3-((tert-butyldimethylsilyl)oxy)bicyclo[3.1.0]hexan-2-

ol (10.4 g, 45.6 mmol, synthesis previous reported in JACS, 2007, 129, 4456-4462), DIPEA
(31.7 ml, 182.4 mmol), and DMAP (556 mg, 4.56 mmol) in dichloromethane (90 mL) was
added chloromethyl methyl ether (14.6 ml, 182.4 mmol) at 0°C. The mixture was warmed to
room temperature and stirred overnight. The resulting solution was concentrated in vacuo and
extracted twice with EtOAc and water. The combined organic layers were dried over MgS0 4 ,
filtered, and concentrated in vacuo. The crude product was taken to next step without further
purification. 1H NMR (400 MHz, Chloroform-J) δ 4.09 - 3.99 (m, 1H), 2.50 - 2.38 (m, 1H),
2.05 - 1.96 (m, 2H), 1.84 - 1.76 (m, 1H), 1.57 (s, 1H), 1.31 - 1.14 (m, 2H), 1.06 - 0.99 (m, 1H),
0.95 - 0.81 (m, 10H), 0.07 (dd, 6H).

Synthesis of (lR,2S,3R,5R)-2-(methoxymethoxy)bicyclor3.1.01hexan-3-ol

[0711]

(140B):

To a crude solution of tert-butyl(((lR,2S,3R,5R)-2-

(methoxymethoxy)bicyclo[3.1.0]hexan-3-yl)oxy)dimethylsilane

(140A) (12.4g) in THF (100 ml)

was added 1M tetrabutylammonium fluoride in THF (64 mL). After stirring at room
temperature for 2h, the mixture was partially concentrated in vacuo, and extracted twice with
EtOAc and water. The combined organic layers were washed with brine, dried with MgS0 4 ,
filtered, and concentrated in vacuo. The resulting mixture was slurried in 25% EtOAc and
hexanes, solids filtered, and the filtrate was purified by silica gel chromatography to give the
title compound. 1H NMR (400 MHz, Chloroform-J) δ 4.85 - 4.73 (m, 2H), 4.01 - 3.92 (m, 1H),
3.87 - 3.74 (m, 1H), 3.47 - 3.41 (m, 3H), 2.16 - 2.06 (m, 1H), 1.73 - 1.61 (m, 1H), 1.52 - 1.35
(m, 2H), 0.53 - 0.42 (m, 1H), 0.19 - 0.11 (m, 1H).
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Synthesis of (lR,2S,5R)-2-(methoxymethoxy)bicyclor3.1.01hexan-3-one
[0712]

(140C):

To a mixture of (lR,2S,3R,5R)-2-(methoxymethoxy)bicyclo[3.1.0]hexan-3-ol

(5.8 g, 36.7 mmol) and NaHC0

3

(140B)

(4.62 g, 55.1 mmol) in dichloromethane (75 ml) was added in

portions Dess-Martin periodinane (17.1 g, 40.37 mmol) at -15°C. The mixture was slowly
warmed to room temperature and stirred for 1 h . Upon completion, the reaction was cooled to 0
°C and 1M aqueous NaHC0

3

(150 ml) was added. The solution was stirred until evolution of

gas ceased, and the organic layer was separated. The aqueous layer was back extracted twice
with dichloromethane, the organic layers were combined, dried with Na2S0 4 , filtered, and
concentrated in vacuo. The resulting mixture was slurried in 25% Et20 and hexanes, solids
filtered, and the filtrate was concentrated in vacuo then, purified by silica gel chromatography to
give the title compound.

H
1

NMR (400 MHz, Chloroform-J) δ 4.89 - 4.62 (m, 2H), 3.66 (s,

1H), 3.45 - 3.35 (m, 3H), 2.81 - 2.69 (m, 1H), 2.19 - 2.08 (m, 1H), 1.73 - 1.54 (m, 2H), 1.03 -

0.92 (m, 1H), -0.00 - -0. 11 (m, 1H).
Synthesis of (3bS,4aR)-ethyl 5-(methoxymethoxy)-3bA4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-c1pyrazole-3-carboxylate
[0713]

(140D):

To a solution of (lR,2S,5R)-2-(methoxymethoxy)bicyclo[3.1.0]hexan-3-one

(140C)

(4.4 g, 28.2 mmol) in ethanol (28 ml) was added a solution of 21% NaOEt in EtOH ( 1 1.0 ml,

29.6 mmol) at 0 °C. After stirring at room temperature for 5 minutes, diethyl oxalate (4.02 ml,
29.6 mmol) was added, and the reaction was stirred at 70°C for 45 minutes. Upon completion,
the mixture was concentrated in vacuo, dissolved in acetic acid (15 ml) and water (2 ml), and
hydrazine hydrate (2.82 g, 56.4 mmol) was slowly added at 0°C. The reaction was heated in a
microwave reactor at 120°C for 10 minutes. The mixture was concentrated in vacuo and
extracted with twice with 2-methyltetrahydrofuran and water. The organic layers were
combined and washed with water. The organic layer was dried with Na2S0 4 , filtered,
concentrated, and purified by silica gel chromatography to give the title compound. MS (m/z)
252.84 [M+H] + .
Synthesis of (3bS,4aR)-ethyl 5-hydroxy-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-c1pyrazole-3-carboxylate
[0714]

(140E):

A solution of (3bS,4aR)-ethyl 5-(methoxymethoxy)-3b,4,4a,5-tetrahydro-lH-

cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3-carboxylate

(140D) (1.2 g, 4.76 mmol) in 1:1

AcOH:H 20 (5 ml) was heated in a microwave reactor at 130 °C for 10 minutes. The resulting
mixture was concentrated in vacuo and extracted with three times with EtOAc and water. The
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combined organic layers were dried with Na2S0 4 , filtered, concentrated in vacuo, and partially
purified by silica gel chromatography eluting with ethyl acetate and hexanes. MS (m/z) 208.98
[M+H] +.

Synthesis of (3bS,4aR)-ethyl 2-(2-(tert-butoxy)-2-oxoethyl)-5-hvdroxy-3b,4,4a,5-tetrahydro-2Hcvclopropar3,41cvclopentar 1,2-clpyrazole-3-carboxylate (140F):
[0715]

To a solution of (3bS,4aR)-ethyl 5-hydroxy-3b,4,4a,5-tetrahydro-lH-

cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3-carboxylate

(140E) (990 mg) in DMF (10 ml) was

added cesium carbonate (2.32 g, 7.14 mmol) followed by tert-butyl bromoacetate (0.70 ml, 4.76
mmol). After heating the reaction at 45 °C for 1 h, the resulting mixture was extracted with
EtOAc and water. The organic layer was dried with Na2S0 4 , filtered, concentrated in vacuo, and
purified by silica gel chromatography to give the title compound. MS (m/z) 322.83 [M+H] +.
Synthesis of (3bS,4aR)-ethyl 2-(2-(tert-butoxy)-2-oxoethyl)-5-oxo-3b,4,4a,5-tetrahydro-2Hcvclopropar3,41cvclopenta|T,2-clpyrazole-3-carboxylate (140G):
[0716]

To a solution of (3bS,4aR)-ethyl 2-(2-(tert-butoxy)-2-oxoethyl)-5-hydroxy-3b,4,4a,5-

tetrahydro-2H-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3-carboxylate

(140F) (0.27 g, 0.83

mmol) in DCM (10 ml) was added Dess Martin periodinane (0.34 g, 0.91 mmol). After stirring
at room temperature for 3 h, mixture was solid loaded onto silica gel and purified by silica gel

chromatography to give the title compound. MS (m/z) 320.74 [M+H] +.
Synthesis of sodium (3bS,4aR)-2-(2-(tert-butoxy)-2-oxoethyl)-5-oxo-3b,4,4a,5-tetrahydro-2Hcyclopropar3,41cyclopentari,2-c1pyrazole-3-carboxylate (140H):
[0717]

To a solution of (3bS,4aR)-ethyl 2-(2-(tert-butoxy)-2-oxoethyl)-5-oxo-3b,4,4a,5-

tetrahydro-2H-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3-carboxylate

(140G) (0.22 g, 0.69

mmol) in THF (2 ml) was added 0.25M aqueous NaOH (1.87 ml). The reaction was heated at
60 °C for 1.5 h . Upon completion, the reaction was concentrated in vacuo, and dried under

vacuum. The crude product was taken to next step without further purification. MS (m/z)
291.04 [M-H] .
Synthesis of tert-butyl 2-((3bS,4aR)-3-amino-5-oxo-3bA4a,5-tetrahydro-2Hcyclopropar3,41cyclopentari,2-c1pyrazol-2-yl)acetate (1401):
[0718]

The title compound (1401) was prepared according to the method presented for the

synthesis of compound (148B) of Example 148 utilizing sodium (3bS,4aR)-2-(2-(tert-butoxy)-2oxoethyl)-5-oxo-3b,4,4a,5-tetrahydro-2H-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3carboxylate (140H). MS (m/z) 263.86 [M+H] +.
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Synthesis of tert-butyl 2-((3bS,4aR)-3-chloro-5-oxo-3b,4,4a,5-tetrahydro-2Hcyclopropar3,41cyclopenta|T,2-c1pyrazol-2-yl)acetate (140.T):
[0719]

The title compound (140J) was prepared according to the method presented for the

synthesis of compound (149) of Example 149 utilizing tert-butyl 2-((3bS,4aR)-3-amino-5-oxo-

3b,4,4a,5-tetrahydro-2H-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-2-yl)acetate

(1401). MS (m/z)

282.73 [M+H] +.

Synthesis of 2-((3bS,4aR)-3-chloro-4,4a-dihydrospirorcyclopropar3,41cyclopentari,2clpyrazole-5,2 '-ri ,31dithiolanel-2(3bH)-yl)acetic acid (140K):
[0720]

To a solution of tert-butyl 2-((3bS,4aR)-3-chloro-5-oxo-3b,4,4a,5-tetrahydro-2H-

cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-2-yl)acetate (140J) (19 mg, 0.07 mmol), 1,2ethanedithiol (11.3 µ ΐ , 0.13 mmol), and acetic acid (19.2 µ ΐ , 0.34 mmol) in dichloromethane
(400 µ ΐ ) was added boron trifluoride diethyl etherate (20.7 µ ΐ , 0.17 mmol). After stirring at

room temperature for 2 h, the mixture was dry loaded onto silica and purified by silica gel
chromatography to give the title compound as a partially purified product. MS (m/z) 302.93
[M+H] +.

Synthesis of 2-((3bS,4aR)-3-chloro-5,5-difluoro-3b,4,4a,5-tetrahydro-2Hcvclopropar3,41cvclopentari,2-c1pyrazol-2-yl)acetic acid (140L):
[0721]

To a solution of N-iodosuccinimide (27.9 mg, 0.12 mmol) in dichloromethane (0.10

ml) was added dropwise 70% HF in pyridine (0.10 ml) at -78°C. After stirring for 15 minutes, a

suspension of 140K (15 mg, 0.05 mmol) in dichloromethane (0.10 ml) was added and the
reaction was gradually warmed to 0 °C over 1 h . The mixture was extracted with 2methyltetrahydrofuran and water. The organic layer was washed with brine, dried with Na2S0 4 ,
filtered, and concentrated in vacuo. The product was purified by preparative TLC eluting to give
the title compound. MS (m/z) 249.05 [M+H] +.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3chloro-5,5-difluoro-3b,4,4a,5-tetrahydro-2H-cyclopropar3,41cyclopentari,2-clpyrazol-2vPacetamide (140M):
[0722]

The title compound (140M) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound (33F) of Example 33 utilizing 19F and 2((3bS,4aR)-3-chloro-5,5-difluoro-3b,4,4a,5-tetrahydro-2H-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-2-yl)acetic acid (140L).

1H

NMR (400 MHz, Methanol-^) δ 8.75 (t), 7.71 (dd), 7.54
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(dd), 7.27 - 7.15 (m), 7.10 (d), 6.81 - 6.72 (m), 6.69 - 6.59 (m), 6.50 (d), 6.46 - 6.36 (m), 5.30 5.21 (m), 5.05 - 4.95 (m), 4.81 (s), 4.77 (s), 3.35 (s), 3.26 (s), 3.28 - 3.21 (m), 3.23 (s), 3.19 -

3.12 (m), 3.03 (s), 3.04 - 2.97 (m), 2.45 - 2.32 (m), 1.94 (s), 1.64 (s), 1.64 (s), 1.42 - 1.25 (m),
1.01 - 0.96 (m), 0.96 - 0.92 (m). MS (m z) 804.14[M+H] + .

Example 141.

Synthesis of N-(7-bromo-4-methoxy-l-methyl-lH-indazol-3-yl)methanesulfonamide

[0723]

(141A):

The title compound (141 A) was prepared according to the method presented for the

synthesis of compound 19D of Example 19 utilizing 114C. MS (m/z) 334.1 [M+H] + .
Synthesis of (S)-tert-butyl (2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-3(4-methoxy-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)ethyl)carbamate
(141B):

[0724]

In a microwave vial, (117B, 30 mg, 0.07 mmol) was combined with (141A, 65 mg, 0.2

mmol), PdCl 2(PPh 3)2 (5 mg, 0.007 mmol), and K2C0 3 (0.2 ml of 2 M aqueous solution) in
dioxane (1.5 ml) and DMF (0.1 ml). Nitrogen was bubbled into the reaction solution for 5 min.
The reaction was heated in a microwave reactor at 120 °C for 15 min. After cooling to ambient
temperature, the reaction was partitioned between EtOAc and brine. The organics were
separated, dried, and removed in vacuo and the residue was purified by column chromatography
on silica to provide the title compound as a mixture of atropisomers. MS (m/z) 670.3 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-4-methoxy-l-methyl-lH-indazol-3-yl)methanesulfonamide

(141C):
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[0725]

The title compound (141 C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 141B. MS (m/z)
570.1 [M+H] + .

Synthesis of 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-2-(3,5-difluorophenyl)-l-(6-(3-hvdroxy3-methylbut-l-yn-l-yl)-3-(4-methoxy-l-methyl-3-(methylsulfonamido)-lH-indazol-7yl)pyridin-2-yl)ethyl)acetamide (141D):
[0726]

The title compound (141D) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 141 C and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (Chloroform-d) δ : 7.91 -

7.84 (m), 7.64 (dd), 7.54 - 7.42 (m), 7.34 - 7.28 (m), 6.70 (t), 6.68 - 6.61 (m), 6.55 - 6.53 (m),
6.52 - 6.44 (m), 6.30 - 6.24 (m), 6.24 - 6.15 (m), 5.74 - 5.66 (m), 5.12 - 5.01 (m), 4.78 (d),
4.71 (d), 4.03 (s), 3.99 (s), 3.39 (d), 3.25 (s), 3.07 (s), 3.06 - 2.91 (m), 2.81 - 2.54 (m), 2.54 -

2.36 (m), 1.71 (s), 1.41 (dd), 1.30 - 1.22 (m), 1.22 - 1.10 (m). MS

(m/z)

816.5 [M+H] + .

Exam le 142.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-((S)-3hydroxybut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,4lcyclopentari,2clpyrazol-l-yl)acetamide
[0727]

(142):

To the reaction vial containing 168A (20 mg, 0.027 mmol) in DMF ( 1 mL) was added

(S)-but-3-yn-2-ol (0.012 mL, 0.13 mmol), PdCl 2 [P(Ph) 3]2 (1.9 mg, 0.003 mmol), and
diethylamine (0.02 mL, 0.27 mmol). The reaction mixture was flushed with argon gas for 5 min
then sealed and heated in a microwave reactor to 125°C for 20 min. Upon cooling, the reaction
mixture was filtered and purified by reverse phase HPLC, to provide the title compound 142 as a
mixture of atropisomers. 1H NMR (400 MHz, cd3od) 1H NMR (400 MHz, cd3od) δ 8.62 (dd),
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7.70 (dd), 7.54 (dd), 7.16 (s), 7.07 (d), 6.88 - 6.52 (m), 6.44 - 6.33 (m),5.31-5.23 (m), 5.02 4.92 (m), 4.82 - 4.64 (m), 3.33 (s), 3.24 (d), 3.18 - 3.08 (m), 3.04 - 2.91 (m), 2.53 - 2.39 (m),
1.57 (dd), 1.42 - 1.32 (m), 1.11 -1.08 (m), 1.07- 0.99 (m). MS (

z) 806.1 [M+H] + .

Example 143.

Synthesis of N- S - l -(' 3-(' 4-chloro-l-methyl-3-( ' methylsulfonamido)-lH-indazol-7-yl)-6-(

' ('R

-3-

hvdroxybut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-vPacetamide
[0728]

(143):

The title compound (143) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 142 of Example 142 utilizing (R)-but-3-yn-2ol. 1H NMR (400 MHz, cd 3od) δ 8.63 (dd), 7.70 (dd), 7.54 (dd), 7.16 (s), 7.06 (d), 6.88 - 6.52

(m), 6.44 - 6.33 (m),5.30-5.25 (m), 5.02 - 4.92 (m), 4.83 - 4.64 (m), 3.33 (s), 3.24 (d), 3.18 -

3.08 (m), 3.04 - 2.91 (m), 2.50 - 2.39 (m), 1.57 (dd), 1.38 (m), 1.05 (s), 1.03 (s). MS (
[M+H] + .

Example 144.

Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(4fluoro-3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)acetamide

(144):

z) 806.1
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[0729]

The title compound (144) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 142 of Example 142 utilizing l-fluoro-2methylbut-3-yn-2-ol.

H NMR (400 MHz, cd 3od) δ 8.69 (t), 7.71 (dd), 7.56 (dd), 7.17 (s), 7.07
1

(d), 6.87 - 6.52 (m), 6.44 - 6.34 (m), 5.33 - 5.23 (m), 5.03 - 4.94 (m), 4.78 - 4.63 (m), 4.50 (d),

4.38 (d), 3.24 (d), 3.19 - 3.08 (m), 3.05 - 2.92 (m), 2.44 (ddd), 1.63 (dd), 1.39 (dd), 1.08 (s),
1.02 (s). MS (

z) 839.1 [M+H] + .

Exam le 145.

Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxypent-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (145):

[0730]

To the reaction vial containing 157F (20 mg, 0.025 mmol) in DMF ( 1 mL) was added

pent-l-yn-3-ol (0.011 g, 0.13 mmol), Pd(PPh 3)2Cl2 (1.7 mg, 0.003 mmol), and diethylamine
(0.02 mL, 0.25 mmol). The reaction mixture was flushed with argon gas for 5 min then sealed
and heated in a microwave reactor to 125°C for 20 min. Upon cooling, the reaction mixture was
filtered and purified by reverse phase HPLC the title compound 145 as a mixture of
atropisomers. 1H NMR (400 MHz, cd3od) δ 8.72 (dd), 7.70 (dd), 7.54 (dd), 7.16 (d), 7.06 (d),
6.81 - 6.71 (m), 6.66-6.59 (m), 6.46 - 6.34 (m), 5.35-5.20 (m), 5.03 - 4.93 (m), 4.81 - 4.70 (m),

4.61 - 4.52 (m), 3.34 (s), 3.24 (d), 3.20 - 3.11 (m), 3.05 - 2.93 (m), 2.52 - 2.43 (m), 1.96 - 1.79

(m), 1.41 (dt), 1.13 (td). MS (

Example 146.

z) 840.0 [M+H] + .
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Synthesis of 3,5-dichloro-N-methoxy-N-methylpyrazine-2-carboxamide (146B):
[0731]

To a solution of 146A (10 g, 51.82 mmol) and HATU (21.67 g, 57 mmol) in DMF (50

mL), DIEA (19.86 mL, 1 14 mmol) was added to the solution. After 30 minutes, Ν ,Ο -

dimethylhydroxyamine hydrochloride (6.09 g, 62.18 mmol) was added to the solution. The
mixture was stirred for overnight. 300 mL of water was added and extracted with EtOAc three
times (100 mL). The crude product was purified by flash column to provide the desired product.
MS

(m/z)

236 [M+H] +.

Synthesis of 3-chloro-N-methoxy-N-methyl-5-(methylthio)pyrazine-2-carboxamide (146C):
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[0732]

To a solution of 146B (2g, 8.47 mmol) in DMF (10 niL), 1 eq. of sodium

methanethiolate was added to the solution. After 5 hours, 0.5 eq. of sodium methanethiolate was
added to the suspension. The reaction was stirred overnight then diluted with EtOAc and washed
with NaHC0 3(aq) and brine. The organic layer was concentrated and purified by flash column to
provide the title compound. MS (m/z) 248 [M+H] +.
Synthesis of 3-chloro-5-(methylthio)pyrazine-2-carbaldehyde (146D):
[0733]

To a solution of 146C (750 mg, 3.03 mmol) in THF at -78 °C, DIBAL-H (3.33 mL,

3.33 mmol) in toluene was added to the solution slowly. Then, it was stirred for 2 hours at -78
°C. 4 mL of 1 N HCl(aq) was added to the solution and warmed to 0 °C. The mixture was stirred

for 20 minutes at 0 °C then extracted with EtOAc twice. The organic layer was dried and
concentrated and used without further purification. MS (m/z) 189 [M+H] +.
Synthesis of (S,Z)-N-((3-chloro-5-(methylthio)pyrazin-2-yl)methylene)-2-methylpropane-2sulfinamide (146E):
[0734]

The title compound (146E) was prepared according to the method presented for the

synthesis of compound 21C of Example 2 1 utilizing 146D. MS (m/z) 292 [M+H] +.

Synthesis of (S)-N-((S)-l-(3-chloro-5-(methylthio)pyrazin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2methylpropane-2-sulfinamide (146F):
[0735]

The title compound (146F) was prepared according to the method presented for the

synthesis of compound 182D of Example 182 utilizing 146E. MS (m/z) 420 [M+H] +.

Synthesis of (S)-l-(3-chloro-5-(methylthio)pyrazin-2-yl)-2-(3,5-difluorophenyl)ethanamine
hydrochloride (146G):
[0736]

The title compound (146G) was prepared according to the method presented for the

synthesis of compound 21E of Example 2 1 utilizing 146F. MS (m/z) 316 [M+H] +.

Synthesis of N-((S)- l-(3-chloro-5-(methylthio)pyrazin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-c1pyrazol-l-yl)acetamide (146H):
[0737]

The title compound (146H) was prepared according to the method presented for the

synthesis of compound 10A of Example 10 utilizing 146G and 2-((3bS,4aR)-3-(difluoromethyl)-

5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
MS (m/z) 562 [M+H] +.

acid.
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Synthesis of N-((S)-l-(3,5-bis(l-methyl-3-(methvk
2-(3,5-difluorophenyl)ethyl)-2-((3bS^aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdrolH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0738]

(1461):

The title compound (1461) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing 33B and 146H. 1H
NMR (400 MHz, Methanol-d4) δ 9.15 (d), 8.91 (s), 7.93 (t), 7.63 (d), 7.35-7.25 (m), 7.23-7.1
(m), 6.85-6.75 (m), 6.74-6.6 (m), 6.6-6.50 (m), 6.4-6.32 (m), 5.75-5.6 (m), 5.10-5.25 (m), 4.71
(s), 3.65 (s), 3.56 (s), 3.10-3.25 (m), 2.92 (s), 2.60-2.40 (m), 1.45-1.30 (m), 1.1-0.80 (m). MS
(m/z)

928 [M+H] + .

Examp

Synthesis of (3bS,4aR)-l-(2-(((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)amino)-2oxoethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazole-3carboxylic acid (147):
[0739]

A solution of 158G (0.41 g, 0.49 mmol) in THF (0.5 ml) was treated with 1M NaOH (2

ml). The reaction was stirred at room temperature for 1.5 h . The solution was acidified to ~

pH=4 with AcOH and extracted with 2-MeTHF (2 x 5 mL) and water (5 mL). The organics
were dried with Na2S0 4 , filtered, and concentrated. The crude material was purified by reverse
phase HPLC to provide the product 147 as a mixture of atropisomers. 1H NMR (400 MHz,
cd3od) δ , 8.69 (d), 7.69 (d), 7.53 (dd), 7.19 (d), 7.06 (d), 6.81 - 6.71 (m), 6.63 (t), 6.46 - 6.35
(m), 5.32 - 5.23 (m), 5.03 - 4.93 (m), 4.85 - 4.80 (m), 4.72 (s), 3.36 (s), 3.26 (s), 3.23 (s), 3.22 -

3.09 (m), 3.05 - 2.92 (m), 2.63 - 2.51 (m), 2.50 - 2.39 (m), 1.65 (s), 1.64 (s), 1.49 - 1.35 (m),
1.15 - 1.07 (m), 1.08 - 0.97 (m). MS (m z) 814.1 [M+H] + .

Example 148.
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Synthesis of sodium (3bS^aR)-l-(2-(((S)-l-(3-(4-cMoro-l-metfayl-3-(metfaylsiilfonamido)-lHindazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)amino)-2-oxoethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazole-3-carboxylate (148A):
[0740]

To a solution of 158G (0.22 g, 0.26 mmol) in THF (0.65 ml) was added 1M NaOH

(0.65 ml). The reaction was stirred at room temperature for 1.5 h . The solution was acidified to

~ pH=4 with AcOH and extracted with with 2-MeTHF (2 x 5 mL) and brine (5 mL). The
organic layer was washed with NaHC0 3 (lOmL). The organics were dried with Na2S0 4 ,
filtered, and concentrated. The product was taken to the next step without further
purification. MS ( z) 814.1 [M+H] +.
Synthesis of 2-((3bS,4aR)-3-amino-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)-N-((S)-l-(3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2(3,5 -difluorophen yl)eth yl) acetamide (148B ):

[0741]

To a solution of 148A ( 1 10 mg, 0.13 mmol) in DMF (1.0 ml) was added diphenyl

phosphoryl azide (28.35 µ ΐ , 0.13 mmol). The reaction was stirred at room temperature for 45
min. The solution was cooled to 0 °C and water (0.75 mL) was added dropwise. The resulting

solution was sealed and heated in microwave reactor at 130 °C for 15 min. The crude material
treated with TFA (20 µ ΐ ) and purified by prep HPLC to provide the product 148B as a mixture of
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atropisomers. 1H NMR (400 MHz, cd 3od) δ 8.72 - 8.59 (m), 7.75 - 7.65 (m), 7.53 (dd), 7.22 7.15 (m), 7.09 (d), 6.83 - 6.72 (m), 6.67 - 6.60 (m), 6.46 - 6.33 (m), 5.28 (dd), 4.96 (t), 4.90 4.70 (m), 4.69 - 4.52 (m), 3.35 (s), 3.26 (s), 3.25 - 3.22 (m), 3.20 (s), 3.17 - 3.10 (m), 3.04 2.91 (m), 2.51 - 2.33 (m), 1.65 (s), 1.47 - 1.31 (m), 1.15 - 1.06 (m), 1.03 (m). MS

(m/z)

785.2

[M+H] + .
Example 149.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3chloro-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (149):

[0742]

A solution of 148B (19.1 mg, 0.02 mmol), ground lithium chloride (5.16 mg, 0.12

mmol), and cupric chloride (6.54 mg, 0.05 mmol) in ACN ( 1 ml) was sonicated for 5
min. Isoamyl nitrite (6.51 µ ΐ , 0.05 mmol) was added and the reaction was sonicated for an
additional 5 min then stirred for 45 min. The crude material was purified by prep HPLC to
provide the desired product 149 as a mixture of atropisomers. 1H NMR (400 MHz, cd 3oJ) δ 8.67
(d), 8.62 (d), 7.69 (dd), 7.53 (dd ), 7.19 (s ), 7.07 (d ), 6.82 - 6.72 (m), 6.68 - 6.58 (m), 6.47 -

6.32 (m), 5.27 (m), 5.03 - 4.92 (m), 4.69 - 4.67 (m), 4.64 (d), 3.34 (s), 3.26 (s), 3.24 (s), 3.18 3.08 (m), 3.05 - 2.92 (m), 2.53 - 2.30 (m), 1.64 (s), 1.45 - 1.27 (m), 1.13 - 1.07 (m), 1.08 - 1.01
(m). MS (m/z) 804.1 [M+H] + .

Exam le 150.
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Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulf^^^
hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

50)
[0743]

To a solution of 148B (10 mg, 0.01 mmol) in ACN (0.2 ml) and 50% hypophosphorus

acid in water (50 µ ΐ ) was added isoamyl nitrite (3.41 µ ΐ , 0.03 mmol). The reaction mixture was
stirred at room temperature for 30 min. The crude material was purified by prep HPLC to
provide the title product 150 as a mixture of atropisomers. 1H NMR (400 MHz, cd od) δ 8.48
(d), 8.41 (d), 7.74 - 7.63 (m), 7.54 (d), 7.51 (d), 7.34 (s), 7.31 (s), 7.17 (s), 7.07 (d), 6.81 - 6.72

(m), 6.66 - 6.58 (m), 6.45 - 6.33 (m), 5.34 - 5.26 (m), 5.02 - 4.93 (m), 4.74 (d), 4.69 (d), 3.33
(s), 3.26 (s), 3.24 (s), 3.14 - 3.06 (m), 3.03 - 2.91 (m), 2.46 - 2.33 (m), 1.65 (s), 1.39 - 1.28 (m),
1.03 (s), 1.00 - 0.93 (m). MS m z) 770.1 [M+H] +.

Example 151.

Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3,4dihydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazoll-yl)acetamide (151):
[0744]

The title compound (151) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 145 of Example 145 utilizing 2-methylbut-3yne-l,2-diol. 1H NMR (400 MHz, cd3od) δ 8.78 (d), 7.70 (dd), 7.62 - 7.52 (m), 7.16 (s), 7.05
(d), 6.81 - 6.72 (m), 6.65-6.60 (m), 6.44 - 6.30 (m), 5.28 (d), 4.97 (d), 4.84 - 4.70 (m), 3.66 (d),

3.33 (s), 3.24 (d), 3.14 (dd), 3.07 - 2.92 (m), 2.86 (s), 2.53 - 2.42 (m), 1.59 (d), 1.47 - 1.36 (m),
1.29 (t), 1.19-1.10 (m), 1.09 - 1.04 (m). MS (m z) 854.1 [M+H] + .

Example 152.
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Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(

' methylsulfonamido)-lH-indazol-7-yl)-6-(

'4-

fluoro-3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0745]

(152):

The title compound (152) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 145 of Example 145 utilizing l-fluoro-2methylbut-3-yn-2-ol. 1H NMR (400 MHz, cd3od) δ 7.71 (dd), 7.64 - 7.51 (m), 7.22 - 7.12 (m),
7.06 (d), 6.81 - 6.71 (m),6.68-6.58 (m), 6.44 - 6.33 (m), 5.30-5.21 (m), 4.98 (t), 4.85 - 4.70 (m),
4.50 (d), 4.38 (d), 3.24 (d), 3.20 - 3.11 (m), 3.06 - 2.93 (m), 2.56 - 2.43 (m), 1.62 (s), 1.47 1.27 (m),1.16-1.10 (m), 1.09-1.04 (s). MS (

z) 858.0 [M+H] + .

Example 153.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3-(2hvdroxyethoxy)prop-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazoll-yl)acetamide (153):
[0746]

The title compound (153) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 145 of Example 145 utilizing 2-(prop-2-yn-lyloxy)ethanol. 1H NMR (400 MHz, cd3od) δ 8.67 (d), 7.71 (dd), 7.62 - 7.52 (m), 7.17 (d), 7.07
(d), 6.81 - 6.71 (m), 6.68 - 6.60 (m), 6.45 - 6.34 (m), 5.29 - 5.24 (m), 4.98 (q), 4.84 - 4.70 (m),
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4.54 (d), 3.86 - 3.80 (m), 3.80 - 3.66 (m), 3.36 - 3.31 (m), 3.28 - 3.09 (m), 2.98 (d), 2.52 - 2.44
(m), 1.40 (q), 1.16 - 1.11 (m), 1.10 - 1.05 (m). MS (

z) 854.2 [M+H] + .

Example 154.

Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(

' methylsulfonamido)-lH-indazol-7-yl)-6-(

' 3-

hvdroxy-4-methoxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0747]

(154):

The title compound (154) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 145 of Example 145 utilizing l-methoxy-2methylbut-3-yn-2-ol.

H NMR (400 MHz, cd 3od) δ 8.67 (d), 7.71 (dd), 7.62 - 7.52 (m), 7.17
1

(d), 7.07 (d), 6.81 - 6.71 (m), 6.64 (d), 6.45 - 6.34 (m), 5.26 (s), 4.98 (q), 4.84 - 4.70 (m), 4.62
(s), 4.54 (d), 3.86 - 3.80 (m), 3.80 - 3.66 (m), 3.34 (s), 3.28 - 3.09 (m), 2.98 (d), 2.48 (dd), 1.40

(q), 1.14 (m), 1.07 (m).MS (

Example 155.

z) 869.1 [M+H] + .
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Synthesis of (E)-7-bromo-l-methyl-4-(prop-l-en-l-yl)-lH-indazol-3-amine
[0748]

(155A):

To 58B (7.4 g, 21.0 mmol) in dioxane (40 mL) and DMF (40 ml) was added potassium

trifluoro(prop-l-en-l-yl)borate (3.7 g, 25.2 mmol), 2M K 2CO 3 in water (21.0 ml), and
Pd(PPh 3)2Cl2 (740.0 mg, 1.1 mmol). The reaction mixture was stirred for 2 hours at 100 °C. The
reaction was cooled, diluted with EtOAc and brine. The mixture was extracted 2X with EtOAc,
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the organic layer was dried over sodium sulfate, was concentrated and purified by flash column
chromatography to provide the title compound. MS (m/z) 266.3 [M+H] + .
Synthesis of (E)-N-(7-bromo-l-methyl-4-(prop-l-en-l-yl)-lH-indazol-3-yl)-N(methylsulfonyl)methanesulfonamide (155B):
[0749]

To 155A (3.7 g, 13.9 mmol) in DCM (100 mL) was added N,N-diisopropylethylamine

(9.7 ml, 55.6 mmol) then the reaction was cooled in an ice bath and methanesulfonyl chloride

(3.2 ml, 41.7 mmol) was added. The reaction mixture was stirred for 30 minutes at 0 °C. The

reaction was diluted with water and extracted 2X with DCM. The organic layer was dried over
sodium sulfate and concentrated. The mixture was purified by flash column chromatography to
provide the title compound. MS (m z) 421.9 [M+H] + .
Synthesis of N-(7-bromo-4-formyl-l-methyl-lH-indazol-3-yl)-N(methylsulfonyl)methanesulfonamide (155C):
[0750]

A round bottom is charged with 155B (2.7 g, 6.4 mmol) and DCM (100 mL). The

mixture was cooled to -78 °C and ozone was bubbled into the reaction. Once the conversion was
complete, DMS was added to quench the reaction under stirring for 30 minutes. To the stirring
mixture a saturated sodium thiosulfate solution was added and the mixture was allowed to warm
to room temperature and stirred another 30 minutes. The layers were separated and the water

layer was extracted again with DCM. The combined organic layers were dried over sodium
sulfate and concentrated. The residue was dissolved in DCM and followed by the addition of
hexane. The mixture was filtered to provide the title compound. MS (m/z) 410.0 [M+H] + .
Synthesis of N- (7 -bromo -4- (difluorometh yl) -1-methyl- 1H-indazol- 3-yl) -N(methylsulf onvPmethanesulfonamide (155D) :
[0751]

A teflon flask was charged with 155C (650 mg, 1.6 mmol) and DCM (100 mL). The

mixture was cooled to 0 °C and Deoxo-Fluor (0.4 ml, 2.4 mmol) was added into the reaction and
then the mixture was allowed to warm to room temperature. The mixture is stirred for 8 hours
and checked. Another equivalent of Deoxo-Fluor was added and the mixture was stirred
overnight. The mixture is diluted with water and extracted 2X with DCM. The organic layers are
dried over sodium sulfate and concentrated. The residue was dissolved in DCM followed by the
addition of hexane. The mixture was filtered to provide the title compound. MS (m/z) 431.9
[M+H] + .

Synthesis of N-(7-bromo-4-(difluoromethyl)- 1-methyl- lH-indazol-3-yl)methanesulfonamide
(155E):
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[0752]

To 155D (5.9 g, 13.7 mmol), THF (50 ml) and MeOH (20 ml) was added a saturated

solution of LiOH (10 ml) and water (10 ml). The mixture was stirred for 10 minutes, then diluted
with water and extracted 2X EtOAc. The organic layers were dried over sodium sulfate and
concentrated. The residue was dissolved in DCM followed by the addition of hexane. The
mixture was filtered to provide the title compound. MS (m/z) 354.6 [M+H] + .
Synthesis of N-(4-(difluoromethyl)-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)lH-indazol-3-yl)methanesulfonamide (155F):
[0753]

The title compound (155F) was prepared according to the method presented for the

synthesis of compound 19C of Example 19 utilizing 155E. MS (m/z) 402.3 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3-(4-(difluoromethyl)-l-methyl-3-(methylsulfonamido)-lHindazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5difruorophenyl)ethyl)carbamate (155G) :
[0754]

To 14B (100 mg, 0.2 mmol) in dioxane (8 mL) and DMF (2 ml) was added 2N K2C0 3

(0.2 ml), and Pd(PPh )2Cl2 (7.1 mg, 0.01 mmol). The reaction mixture was stirred at 110 °C,

then 155F (170 mg, 0.4 mml) dissolved in dioxane (4 ml) and DMF (2 ml) was slower added
into the reaction by syringe. The reaction was cooled after 8 hours, diluted with EtOAc and
brine. The mixture was extracted 2X with EtOAc, the organic layer was dried over sodium
sulfate, was concentrated and purified by flash column chromatography to provide the title
compound as a mixture of atropisomers. MS (m/z) 689.8 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-4-(difluoromethyl)-l -methyl- lH-indazol-3-yl)methanesulfonamide (155H):
[0755]

The title compound (155H) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19F of Example 19 utilizing 155G. MS (m/z)
590.1 [M+H] + .

Synthesis of N-((S)- l-(3-(4-(difluoromethyl)- l-methyl-3-(methylsulfonamido)- lH-indazol-7yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)acetamide
[0756]

(1551):

The title compound (1551) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 155H and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (Chloroform-d) δ : 7.60 (dd),
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7.53 (dd), 7.49 - 7.38 (m), 7.30 - 7.19 (m), 7.14 (s), 6.83 - 6.78 (m), 6.70 (t), 6.69 - 6.62 (m),
6.34 (d), 6.25 - 6.14 (m), 4.95 (q), 4.75 - 4.69 (m), 3.59 - 3.42 (m), 3.35 (s), 3.01 - 2.88 (m),
2.56 - 2.36 (m), 1.72 (s), 1.46 - 1.37 (m), 1.19 - 1.09 (m). MS (m/z) 836.2 [M+H] + .
Example 156.

Synthesis of ethyl l-(2-(tert-butoxy)-2-oxoethyl)-4,5,6J-tetrahvdro-lH-indazole-3-carboxylate
(156B):

[0757]

To 156A (2 g, 10.3 mmol) in MeTHF (100 mL) and DMF (5 ml) was added Cs2C0 3

(4.0 g, 12.3 mmol) and tert-butyl 2-bromoacetate (2.3 ml, 15.5 mmol). The reaction mixture was

stirred for 4 hours. Solids were filtered, the eluent was concentrated and purified by flash
column chromatography to provide the title compound. MS (m/z) 309.6 [M+H] + .
Synthesis of tert-butyl 2-(3-(l-hydroxycyclopropyl)-4,5,6,7-tetrahydro-lH-indazol-l-yl)acetate
(156C):

[0758]

To 156B (300 mg, 1.0 mmol) in MeTHF (20 mL) was added titanium (iv) isopropoxide

(2.9 ml, 9.73mmol). To the stirring mixture 3M EtMgBr (3.2 ml) was slowly added. The

reaction mixture was stirred for 1 hour. The reaction was diluted with EtOAc and brine. The
mixture was extracted 2X with EtOAc, the organic layer was dried over sodium sulfate, was
concentrated and purified by flash column chromatography to provide the title compound. MS
(m/z) 293.0 [M+H] + .

Synthesis of 2-(3-(l-hydroxycyclopropyl)-4,5,6 J-tetrahydro-lH-indazol-l-yl)acetic
(156D):

acid
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[0759]

To 156C (20 mg, 0.07 mmol) in DCM (2 niL) was added TFA (0.5 ml). The reaction

mixture was stirred for 0.5 hours at RT. The reaction was concentrated and then diluted with 1 N
HC1 and extracted 2X with DCM. The water layer was lyophilized to provide the title

compound. MS (

z) 237.1 [M+H] + .

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-(lhydroxycyclopropyP-4,5,6 J-tetrahydro- lH-indazol- l-yl)acetamide (156E):
[0760]

The title compound (156E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 156D and 19F. 1H
NMR (Methanol- d 4 ) δ : 7.76 - 7.68 (m), 7.53 (dd), 7.25 - 7.14 (m), 6.64 (tt), 6.39 (dd), 5.27 (dd),
4.64 (d), 3.28 - 3.21 (m), 3.21 - 3.10 (m), 3.04 (s), 2.98 (dd), 2.67 - 2.55 (m), 2.47 - 2.37 (m),
1.86 - 1.69 (m), 1.64 (s), 1.10 - 0.97 (m). MS (

Example 157.

z) 792.3 [M+H] + .
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Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (157A):
[0761]

(S)-tert-butyl (l-(3-bromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(1.0 g,

2.42 mmol), N-(4-chloro-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol3-yl)methanesulfonamide (19D, 1.12 g, 2.90 mmol), and PdCl 2 [P(cy)3]2 (89.0 mg, 0.121 mmol)
were suspended in 1,4-dioxane (12 mL) and 1.0 M aqueous NaHC0 3 (4 mL). The reaction
mixture was degassed by bubbling argon for 5 minutes then sealed and heated at 150 °C for 15
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minutes in a microwave reactor. Upon cooling, the reaction mixture was diluted with water and
extracted with three portions of EtOAc. The combined organic layers were dried over Na2 S0 4 ,
filtered, concentrated in vacuo, and purified by silica gel column chromatography to give the
title compound 157A. MS (

z) 591.72 [M+H] + .

Synthesis of (S)-N-(l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)pyridin-2yl)-2-(3,5-difluorophenyl)ethyl)-2,2,2-trifluoroacetamide
[0762]

(157B):

To (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(157A, 3.39 g, 5.73 mmol) in DCM (5

mL) was added trifluoroacetic acid (5 mL). The reaction mixture was stirred at room

temperature for 2.5 hours. Upon complete removal of the Boc protecting group, trifluoroacetic
anhydride (2.02 mL, 14.31 mmol) was added. The reaction mixture was stirred at room
temperature for 30 minutes. Upon completion, the reaction mixture was filtered through celite,
concentrated in vacuo, taken in EtOAc, and carefully neutralized with 1M aqueous NaHC0

3

until the aqueous layer was at pH 10. The organic layer was collected and the aqueous layer
extracted once more with EtOAc. The combined organic layers were dried over Na2S0 4 ,
filtered, concentrated in vacuo, and purified by silica gel column chromatography to give the
title compound 157B. MS (

z) 588.14 [M+H] + .

Synthesis of (S)-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-2-(2-(3,5difluorophenyl)-l-(2,2,2-trifluoroacetamido)ethyl)pyridine
[0763]

1-oxide (157C):

To a solution of (S)-N-(l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2,2,2-trifluoroacetamide

(157B, 8.0 g, 13.61

mmol) in DCM (70 mL) was added MCPBA (3.659 g, 16.33 mmol) in 4 portions over a 15
minute period. The reaction mixture was stirred at room temperature for 16 hours. Upon
completion, the reaction was quenched with 1M aqueous NaHS0 3 and saturated aqueous
NaHC0 3 . The organic layer was collected and the aqueous layer was extracted an additional
time with DCM. The combined organic layers were dried over Na2S0 4 , filtered, concentrated in

vacuo, and purified by silica gel column chromatography to give the title compound 157C. MS
(m/z) 604.10 [M+H] + .

Synthesis of (S)-N-(l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2,2,2-trifluoroacetamide
[0764]

(157D):

(S)-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-2-(2-(3,5-

difluorophenyl)-l-(2,2,2-trifluoroacetamido)ethyl)pyridine

1-oxide (157C, 1.0 g, 1.66 mmol)
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was taken in POCI3 (2.32 mL, 24.84 mmol). The reaction mixture was heated at 115 °C for 2
hours. Upon cooling, the reaction was concentrated in vacuo, taken in DCM, and vigorously
stirred with saturated aqueous NaHC0 3 for 1 hour. The organic layer was collected, and the
aqueous layer was extracted an additional time with DCM. The combined organic layers were
dried over Na2S0 4 , filtered, concentrated in vacuo, and purified by silica gel column
chromatography to give the title compound 157D. MS (m/z) 622.13 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-chloropyridin-3-yl)-4-chloro1-methyl- lH-indazol-3-yl)methanesulfonamide (157E):
[0765]

To a solution of (S)-N-(l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-

indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2,2,2-trifluoroacetamide

(157D, 870 mg,

1.40 mmol) in EtOH (16 mL) was added 2M aqueous LiOH (7.0 mL, 13.98 mmol). The

reaction was heated at 130 °C for 10 minutes. Upon cooling, the reaction mixture was acidified
with 2N aqueous HC1 until at pH 5 . The reaction mixture was then concentrated in vacuo and
taken in EtOAc. To the solution was added saturated aqueous NaHC0 3 until the aqueous layer
was at pH 10. The organic layer was collected, and the aqueous layer was extracted an
additional time with EtOAc. The combined organic layers were dried over Na2S0 4 , filtered,
concentrated in vacuo, and used without further purification. MS (m/z) 526.06 [M+H] + .
Synthesis of N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-te1rahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0766]

(157F):

To a solution of crude (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-

chloropyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide

(157E, 400 mg,

0.76 mmol) in DMA (6 mL) was added NEt (0.32 mL, 2.28 mmol), 2-((3bS,4aR)-5,5-difluoro-

3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-lyl)acetic acid (160.6 mg, 0.61 mmol), then HATU (173.4 mg, 0.46 mmol). The reaction mixture
was stirred at room temperature for 15 minutes, then additional HATU (86.7 mg, 0.23 mmol)
was added. The reaction mixture was stirred at room temperature for an additional 15 minutes.
Upon completion, the reaction mixture was concentrated in vacuo and purified by silica gel
column chromatography to give the title compound 157F. MS (m/z) 790.12 [M+H] + .
Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(4,4difluoro-3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-
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((3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

[0767]

(157G):

N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetamide
0.025 mmol), l,l-difluoro-2-methylbut-3-yn-2-ol

(157F, 20 mg,

(15.2 mg, 0.126 mmol), PdCl 2(PPh 3)2 (1.8 mg,

0.003 mmol), and Cul (0.5 mg, 0.003 mmol) were taken in DMF (0.25 mL). To the reaction
mixture was added diethylamine (26 µ , 0.253 mmol), and the reaction mixture was degassed
by bubbling argon for 5 minutes then sealed and heated at 125 °C for 30 minutes in a microwave
reactor. Upon cooling, the reaction mixture was filtered and purified by reverse phase HPLC to
give the title compound 157G as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ
8.88 - 8.78 (m), 7.74 (dd), 7.60 (dd), 7.24 - 7.13 (m), 7.10 - 7.05 (m), 6.77 (t), 6.64 (t), 6.46 -

6.33 (m), 5.82 (t), 5.35 - 5.23 (m), 5.00 (q), 4.82 (s), 4.79 (s), 4.76 (s), 3.34 (s), 3.26 (s), 3.23 (s),
3.20 - 3.10 (m), 3.07 - 2.93 (m), 2.58 - 2.37 (m), 1.63 (s), 1.50 - 1.34 (m), 1.18 - 1.11 (m), 1.10
- 1.01 (m). MS
Example 158.

( /z)

874.07 [M+H] + .
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Synthesis of (3bS,4aR)-ethyl l-(2-methoxy-2-oxoethyl)-5-(methoxymethoxy)-3bA4a,5tetrahydro- lH-cvclopropar3,41cvclopentar 1,2-clpyrazole-3-carboxylate (158A):
[0768]

To a solution of (3bS,4aR)-ethyl 5-(methoxymethoxy)-3b,4,4a,5-tetrahydro-lH-

cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3-carboxylate

(140D) (3.3 g, 13.1 mmol) in DMF (12

ml) was added portionwise potassium t-butoxide (1.61 g, 14.39 mmol) at 0 °C. To the reaction
was added 2-methyltetrahydrofuran (12 ml) followed by a dropwise addition of methyl
bromoacetate (1.36 ml, 14.4 mmol). After gradually warming to room temperature and stirring
for 1 h, the reaction was extracted with EtOAc and water. The organic layer was washed with
water. The organics layer was dried with Na2 S0 4 , filtered, and concentrated in vacuo. The
crude product was taken to next step without further purification. MS m ) 324.96 [M+H] + .
Synthesis of (3bS,4aR)-ethyl 5-hvdroxy-l-(2-methoxy-2-oxoethyl)-3bA4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-c1pyrazole-3-carboxylate

(158B):
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[0769]

To a solution of (3bS,4aR)-ethyl l-(2-methoxy-2-oxoethyl)-5-(methoxymethoxy)-

3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazole-3-carboxylate

(158A) (4.2 g)

in acetic acid (15 ml) was added water (30 ml). After stirring at reflux for 2h, the reaction was
concentrated in vacuo. The resulting mixture was diluted with dioxane (40 ml) and concentrated
in vacuo. The crude product was dissolved in dichloromethane (20 ml), dried with Na2S0 4 ,

filtered, and concentrated in vacuo. The crude product was taken to next step without further
purification. MS (m/z) 281.02 [M+H] +.
Synthesis of (3bS,4aR)-ethyl l-(2-methoxy-2-oxoethyl)-5-oxo-3bA4a,5-tetrahvdro-lHcvclopropar3,41cvclopenta|T,2-c1pyrazole-3-carboxylate (158C):
[0770]

To a solution of 156B (3.63 g, 12.95 mmol) in DCM (30 mL) was added Dess- Martin

periodinane (4.87 g, 12.95 mmol). The reaction was stirred at room temperature overnight. The
reaction mixture was filtered through celite, solid loaded onto silica and purified by silica gel
chromatography to give the title compound. MS (m/z) 278.9 [M+H] +.
Synthesis of (3bS,4aR)-ethyl l-(2-methoxy-2-oxoethyl)-l,3b,4,4atetrahydrospirorcyclopropar3,41cyclopentari,2-clpyrazole-5,2 '- i ,31dithiolanel-3-carboxylate
(158D):

[0771]

To a solution of 158C (0.69 g, 2.61 mmol), 1,2-ethanedithiol (0.44 ml, 5.22 mmol),

acetic acid (0.75 ml, 13.06 mmol) in DCM (10 ml) was added boron trifluoride diethyl etherate
(0.81 ml, 6.53 mmol). The reaction was stirred at room temperature for 2 days. The reaction

mixture was concentrated, solid loaded onto silica and purified by silica chromatography to give
the title compound 158D. MS (m z) 354.9 [M+H] +.
Synthesis of (3bS,4aR)-ethyl 5,5-difluoro-l-(2-methoxy-2-oxoethyl)-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-c1pyrazole-3-carboxylate (158E):
[0772]

To suspension of N-iodosuccinimide, 98% (1.35 g, 6.0 mmol) in DCM (5 ml) was

added dropwise 70% HF in pyridine (5 ml) at -78 °C. After stirring for 15 min 158D (0.85 g,
2.39 mmol) in DCM (5 ml) was added and the reaction was slowly warmed to - 30 °C and

stirred at that temperature for lh. The resulting solution was carefully poured onto ice
containing 1.0 N NaHC0 3 . The product was extracted with ethyl acetate, washed with NaHS0 3,
brine and water. The combined organic layers were dried with Na2S0 4 , filtered, and
concentrated. The crude material was purified by silica chromatography to give the title
compound 158E. MS (m z) 300.9 [M+H] +.
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Synthesis of sodium 2-((3bS,4aR)-3-(ethoxycarbonyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopenta|T,2-c1pyrazol-l-yl)acetate
[0773]

(158F):

To a solution of 158E (0.16 g, 532.87 µιηο ΐ ) in dioxane (3 ml) was added dropwise 1M

NaOH (0.55 ml). The reaction was stirred at room temperature for 0.5 h . An additional 0.500
mL of 1M NaOH was added and stirred for an additional 0.5 h . The reaction was concentrated,
diluted with DMA (3mL) and concentrated until dryness. The crude product was taken to next
step without further purification. MS

(m/z)

286.9 [M+H] + .

Synthesis of (3bS,4aR)-ethyl l-(2-(((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lHindazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)amino)-2-oxoethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentari,2-c1pyrazole-3-carboxylate
[0774]

(158G):

To a solution of 19F (305.45 mg, 532.1 µπιο ΐ ) and 158F (164 mg, 532.1 µπιο ΐ ) in

DMA (2 mL) was added HATU (212.31 mg, 558.7 µιηο ΐ ) . The reaction was stirred at room
temperature for 0.5 h . The reaction was diluted with 0.1 M NaCl (lOmL) and extracted with
ethyl acetate (2xl0mL). The combined organic layers was washed with water (20 mL), dried
with Na2S0 4 , filtered, and concentrated. The crude material was purified by silica
chromatography to give the title compound 158G as a mixture of atropisomers. 1H NMR (400
MHz, cd3od) δ 8.77 (d), 8.75 - 8.68 (m), 8.43 (dd), 7.70 (t), 7.57 - 7.48 (m), 7.22 - 7.15 (m),
7.06 (d), 6.81 - 6.72 (m), 6.68 - 6.59 (m), 6.41 (dd), 5.30 - 5.19 (m), 4.99 (q), 4.82 (d), 4.73 (s),
4.42 - 4.31 (m), 3.36 (s), 3.34 - 3.27 (m), 3.25 (s), 3.22 (s), 3.17 (dd), 3.04 - 2.97 (m), 2.96 (s),
2.63 - 2.39 (m), 1.65 (s), 1.64 (s), 1.49 - 1.32 (m), 1.14 - 1.07 (m), 1.07 - 0.99 (m). MS (m z)

842.2 [M+H] + .
Exampl

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-
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cvano-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (159):
[0775]

To a solution of 160 ( 1 1 mg, 12.2 µιηο ΐ ) in DMSO (0.2 ml) was added cuprous cyanide

(2.7 mg, 30.7 µιηο ΐ ) . The reaction mixture sealed and heated to 180 °C for 0.5 h . The reaction

was cooled rt, diluted with ethyl acetate, and washed with water. The organic phase was then
dried with Na2S0 4 , filtered and concentrated. The crude material was purified by prep HPLC to
provide the product 159 as a mixture of atropisomers. 1H NMR (400 MHz, cd3od) δ 8.87 - 8.78
(m), 7.73 - 7.66 (m), 7.58 - 7.48 (m), 7.18 (s), 7.07 (d), 6.81 - 6.71 (m), 6.68 - 6.58 (m), 6.48 -

6.32 (m), 5.32 - 5.20 (m), 5.03 - 4.91 (m), 4.80 (d), 3.34 (s), 3.25 (s), 3.24 (s), 3.15 (dd), 3.06 2.93 (m), 2.63 - 2.47 (m), 1.64 (s), 1.45 (dd), 1.19 - 1.14 (m), 1.11 - 1.06 (m). MS

(m/z)

795.1

[M+H] + .

Example 160.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-iodo-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (160):
[0776]

To a solution of 148B (75 mg, 95.5 µιηο 1) in trifluoroacetic acid (0.5 ml) and water (0.2

mL was added sodium nitrite (1M in water, 0.3 mL) followed by stirring for 15 min at room
temperature. The reaction mixture was then treated with potassium iodide (238 mg, 1.4 mmol),
acetonitrile (0.8 mL) and stirred for an additional 1.5 h . The reaction was basified with 1M
NaHC0 3, quenched with 1M NaHS0 3, and extracted with ethyl acetate (20 mL). The organic
phase was then dried with Na2S0 4 , filtered and concentrated. The crude material was purified
by prep HPLC to provide the product 160 as a mixture of atropisomers. 1H NMR (400 MHz,
cd3oJ) 57.75 - 7.63 (m), 7.58 - 7.48 (m), 7.18 (s), 7.12 - 7.02 (m), 6.82 - 6.72 (m), 6.68 - 6.58
(m), 6.46 - 6.32 (m), 5.32 - 5.22 (m), 4.96 (t), 4.76 - 4.56 (m), 3.34 (s), 3.30 - 3.22 (m), 3.26
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(s), 3.25 (s), 3.20 - 3.06 (m), 3.04 - 2.91 (m), 2.51 - 2.35 (m), 2.30 - 2.16 (m), 2.03 (), 1.65 (s),

1.42 - 1.27 (m), 1.10 - 1.04 (m), 1.04 - 0.99 (m). MS (m/z) 896.0 [M+H] + .

Example 161.

Synthesis of N-((S)-l-(3-(4-cMoro-l-metfayl-3-(metfaylsiilfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(dimethylamino)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-vPacetamide
[0777]

(161):

To a solution of 148B (10 mg, 12.7 µιηο ΐ ) in acetic acid (0.1 ml) and formaldehyde

(35% in water, 6.7 µ ΐ , 63.6 µιηο ΐ ) was added sodium cyanoborohydride (1.7 mg, 26.7 µιηο ΐ )

followed by stirring for 16 h at rt. The reaction mixture was diluted with ACN and purified by
prep HPLC to provide the product 161 as a mixture of atropisomers.

H NMR (400 MHz,
1

cd3od) δ 7.74 - 7.64 (m), 7.58 - 7.48 (m), 7.16 (q), 7.07 (d), 6.82 - 6.72 (m), 6.68 - 6.56 (m),
6.45 - 6.30 (m), 5.28 (dd), 4.95 (t), 4.51 (d), 4.47 (d), 3.33 (s), 3.26 (s), 3.25 (s), 3.27 - 3.18 (m),

3.09 (dd), 2.98 (s), 2.92 (s), 2.92 (s), 2.49 - 2.40 (m), 2.40 - 2.28 (m), 1.65 (s), 1.41 - 1.29 (m),
1.09 - 0.98 (m). MS (m z) 813.2 [M+H] + .

Exampl

Synthesis of methyl ((3bS.4aR)-l-(2-(((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lHindazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-
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difluorophenyl)ethyl)amino)-2-oxoethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-clpyrazol-3-yl)carbamate
[0778]

(162):

To a solution of 148B (6 mg, 7.64 µπιο ΐ ) in DCM (0. 1 ml) was added pyridine (3.08

µ ΐ , 38.21 µιηο ΐ ) followed by methylchloroforaiate (0.7 mg, 7.18 µηιο ΐ ) then stirred for 30 min at

rt. The reaction was concentrated and the product was purified by prep HPLC to provide the

product 162 as a mixture of atropisomers. 1H NMR (400 MHz, cd3od) δ 7.72 - 7.65 (m), 7.54
(d), 7.51 (d), 7.17 (s), 7.06 (d), 6.81 - 6.73 (m), 6.67 - 6.59 (m), 6.44 - 6.33 (m), 5.27 (dd), 4.96
(t), 4.59 (d), 4.54 (d), 3.76 (s), 3.75 (s), 3.34 (s), 3.26 (s), 3.23 (s), 3.15 - 3.07 (m), 3.04 - 2.91

(m), 2.61 (s), 2.37 - 2.22 (m), 1.64 (s), 1.37 - 1.25 (m), 1.06 - 0.99 (m), 0.99 - 0.93 (m). MS
(m/z)

843.2 [M+H] + .

Example 163.

Synthesis of 2-((3bS,4aR)-3-acetamido-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)-N-((S)-l-(3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)acetamide (163):
[0779]

The title compound (163) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 162 of Example 162 utilizing acetyl chloride.
H NMR (400 MHz, cd3oJ) δ 7.69 (t), 7.54 (d), 7.51 (d), 6.80 - 6.74 (m), 6.67 - 6.60 (m), 6.44
1

- 6.33 (m), 5.27 (dd), 4.96 (t), 4.61 (s), 4.56 (d), 3.34 (s), 3.26 (s), 3.23 (s), 3.16 - 3.07 (m), 3.02
- 2.92 (m), 2.68 - 2.56 (m), 2.34 - 2.23 (m), 2 . 12 (s), 2 . 11 (s), 1.64 (s), 1.36 - 1.25 (m), 1.03 0.98 (m), 0.98 - 0.92 (m). MS

Example 164.

(m/z)

827.1 [M+H] + .
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Synthesis of (3bS^aRH-(2-(((SH-(3-(4-chloro-l-methyl-3-(me^
7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)amino)-2oxoethyl)-5,5-difluoro-N,N-dimethyl-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2clpyrazole-3-carboxamide (164):
[0780]

To a solution of 148A (6 mg, 7.18 µηιο ΐ ) in DMA (100 µ ΐ ) was added a solution of

HATU (2.73 mg, 7.18 µηιο ΐ ) in DMA (50 µ ΐ ) followed by dimethylamine (2M in THF, 50 µ ΐ ,
0.1 mmol), then stirred for 16 h at rt. The reaction mixture was concentrated, filtered, and

purified by reverse phase HPLC to provide the product 164 as a mixture of atropisomers. 1H
NMR (400 MHz, cd3od) δ 8.64 (d), 8.59 (d), 7.76 - 7.65 (m), 7.54 (d), 7.51 (d), 7.16 (s), 7.08
(d), 6.80 - 6.72 (m), 6.66 - 6.60 (m), 6.44 (d), 6.42 - 6.34 (m), 5.28 (dd), 4.98 (t), 4.78 (s), 4.73
(d), 3.34 (s), 3.33 (s), 3.28 (s), 3.25 (s), 3.23 (s), 3.15 - 3.07 (m), 3.09 (s), 3.07 (s), 3.03 - 2.92

(m), 2.57 - 2.38 (m), 1.66 - 1.61 (m), 1.43 - 1.26 (m), 1.13 - 1.07 (m), 1.03 (dt). MS (
841.1 [M+H] + .

Example 165.

Synthesis of (3bS,4aR)-l-(2-(((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)amino)-2oxoethyl)-5,5-difluoro-N-methyl-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazole-3-carboxamide (165):

z)
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[0781]

The title compound (165) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 164 of Example 164 utilizing methylamine. 1H
NMR (400 MHz, cd3od) δ 8.65-8.60 (m), 7.18-7.07 (m), 6.79-6.61 (m), 7.73 - 7.65 (m), 7.54
(d), 7.51 (d), 7.17 (s), 7.08 (d), 6.81 - 6.71 (m), 6.65 - 6.57 (m), 6.45 (d), 6.42 - 6.34 (m), 5.29

(dd), 4.97 (t), 4.78 (s), 4.72 (d), 3.34 (s), 3.25 (s), 3.21 (s), 3.24 - 3 . 11 (m), 3.02 - 2.93 (m), 2.88
(s), 2.87 (s), 2.69 - 2.52 (m), 2.51 - 2.36 (m), 1.64 (s), 1.45 - 1.24 (m), 1.10 - 1.02 (m), 1.02 -

0.95 (m). MS (m/z) 827.2 [M+H] + .

Example 166.

Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3,4dihvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol-l-yl)acetamide
[0782]

(166):

The title compound (166) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 142 of Example 142 utilizing 2-methylbut-3yne-l,2-diol.

H NMR (400 MHz, cd3od) 1H NMR (400 MHz, Methanol-d4) δ 8.68 (d), 7.70
1

(dd), 7.62 - 7.52 (m), 7.17 (s), 7.06 (d), 6.88 - 6.66 (m), 6.65 - 6.52 (m), 6.44 - 6.32 (m), 5.00 -

4.93 (m), 4.78 - 4.64 (m), 3.67 (s), 3.24 (d), 3.02 - 2.92 (m), 2.49 - 2.42 (m), 1.59 (s), 1.40 1.34 (m), 1.12-1.07 (m), 1.05-0.98 (s). MS (m z) 837.9 [M+H] + .

Example 167.
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Synthesis of (S)-N-( l-(3-(4-cMoro-l-metfayl-3-(metfaylsiilfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3-cyclopropyl-4(2-hydroxyethyl) -5-methyl- 1H-pyrazol- 1-yl) acetamide (167) :
[0783]

The title compound (167) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(3-cyclopropyl-4(2-hydroxyethyl)-5-methyl-lH-pyrazol-l-yl)acetic

acid (prepared as described in

US2012045761). 1H NMR (400 MHz, Methanol-^) δ 7.71 (dd), 7.53 (dd), 7.27 - 7.15 (m), 7.12
(d), 6.80 - 6.70 (m), 6.69 - 6.58 (m), 6.55 (d), 6.44 - 6.29 (m), 5.33 - 5.22 (m), 5.03 - 4.93 (m),

4.73 - 4.52 (m), 3.69 - 3.53 (m), 3.32 (s), 3.27 - 3.21 (m), 3.17 - 3.08 (m), 3.05 (s), 2.99 - 2.85
(m), 2.76 - 2.60 (m), 2.11 (s), 2.01 (s), 1.88 - 1.78 (m), 1.64 (s), 0.93 - 0.86 (m), 0.79 - 0.70
(m). MS (

z ) 780.8 [M+H] + .

Example 1

Synthesis of N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-te1rahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0784]

(168A):

The title compound (168A) was prepared according to the method presented for the

synthesis of compound 157F of Example 157 utilizing 2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic
(m/z) 772.03 [M+H] + .

acid. MS
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Synthesis of N-((S)-l-(6-( l-(tert-butyl)-lH-pyrazol-4-yl)-3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethy
3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2clpyrazol- l-yl)acetamide (168B):
[0785]

N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetamide

(168A, 20 mg,

0.026 mmol), l-i-Butylpyrazole-4-boronic acid, pinacol ester (7.77 mg, 0.031 mmol), Pd(PPh 3)4
(1.50 mg, 0.001 mmol), and K2C0 3 (10.7 mg, 0.078 mmol) were suspended in 1,4-dioxane (0.2
mL). To the suspension was added water (0.05 mL). The resulting reaction mixture was

degassed by bubbling argon for 60 seconds then sealed and heated thermally at 110 °C for 3.5
hours. Upon completion, the reaction mixture was filtered, concentrated in vacuo, taken in
DMF, and purified by reverse phase HPLC to give the title compound 168B as a mixture of
atropisomers. 1H NMR (400 MHz, Methanol- d4) δ 8.51 (s), 8.50 (s), 8.25 (s), 8.22 (d), 7.70 (t),
7.68 - 7.60 (m), 7.17 (s), 7.08 (s), 7.06 (s), 6.87 - 6.51 (m), 6.46 - 6.33 (m), 5.34 - 5.24 (m),
4.98 (dd), 4.81 (s), 4.79 (s), 4.77 (s), 3.38 (s), 3.26 (s), 3.24 (s), 3.22 - 3.17 (m), 3.04 (s), 2.98
(dd), 2.53 - 2.36 (m), 1.70 (s), 1.46 - 1.27 (m), 1.08 (m), 1.00 (m). MS (

z) 860.21 [M+H] + .

Example 169.

Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(4,4difluoro-3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide
[0786]

(169):

The title compound (169) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 142 of Example 142 utilizing l,l-difluoro-2methylbut-3-yn-2-ol. 1H NMR (400 MHz, cd3oJ) δ 8.73 (t), 7.77 - 7.68 (d), 7.64-7.59 (m), 7.22
- 7.13 (m), 7.07 (dd), 6.87 - 6.51 (m), 6.46 - 6.34 (m), 5.82 (t), 5.37-5.21 (m), 5.04 - 4.93 (m),
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4.78 - 4.63 (m), 3.24 (d), 3.05 - 2.93 (m), 2.45 (m), 1.63 (s), 1.47 - 1.32 (m), 1.08 (s), 1.01 (s).
MS (m/z) 857.1 [M+H] + .
Example HQ-

Synthesis of N-((S)-l-(3-(4-chloro4-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(

' 4-

fluoro-3-(fluoromethyl)-3-hydroxybut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-23bS,4aR -3-('difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-

cvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamide

[0787]

(170):

N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetamide
0.025 mmol), l-fluoro-2-(fluoromethyl)but-3-yn-2-ol

(168A, 20 mg,

(15.5 mg, 0.129 mmol), PdCl 2(PPh 3)2 (1.8

mg, 0.003 mmol), and Oil (0.5 mg, 0.003 mmol) were suspended in DMF (0.25 mL). To the
reaction mixture was added diethylamine (27 µ , 0.259 mmol), and the reaction mixture was
degassed by bubbling argon for 5 minutes then sealed and heated at 125 °C for 30 minutes in a
microwave reactor. Upon cooling, the reaction mixture was filtered and purified by reverse
phase HPLC. Fractions containing the product were pooled and lyophilized to give the title
compound 170 as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ 8.72 (t), 7.74
(dd), 7.61 (dd), 7.22 - 7.14 (m), 7.09 (s), 7.07 (s), 6.87 - 6.53 (m), 6.46 - 6.35 (m), 5.35 - 5.26
(m), 4.99 (q), 4.76 (s), 4.72 (s), 4.70 (s), 4.66 (d), 4.54 (d), 3.33 (s), 3.26 (s), 3.23 (s), 3.18 - 3.09
(m), 3.05 - 2.91 (m), 2.54 - 2.37 (m), 1.45 - 1.33 (m), 1.09 (s), 1.02 (s). MS (m z) 856.09
[M+H] + .

Example 171.
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Synthesis of (4-chloro-l-methyl-3-(trifluoromethylsulfonamido)-lH-indazol-7-yl)boronic

acid

171A :

[0788]

4-chloro-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-

amine (19C) (0.20 g, 0.65 mmol) was dissolved in dichloromethane (10 mL) and triethylamine
(0.36 mL, 2.6 mmol). The mixture was cooled to 0 °C and triflic anhydride (0.55 g, 1.95 mmol)
was added dropwise. After stirring for 30 minutes the reaction was quenched with water (10 mL)
and extracted with dichloromethane (3 x 20 mL). The combined extracts were washed with brine
and evaporated under vacuum. The residue was dissolved in ethanol (10 mL) and cooled to 0 °C.
50% aqueous KOH solution (0.2 mL) was added dropwise and stirring was continued for 30
minutes. The mixture was acidified with IN aqueous HC1. The formed precipitate was filtered
and dried to give the title compound. MS

(m/z)

358.0 [M+H] + .

Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(trifluoromethylsulfonamido)-lH-indazol7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
(171B):

[0789]

(4-chloro-l-methyl-3-(trifluoromethylsulfonamido)-lH-indazol-7-yl)boronic

(171A, 26 mg, 0.073 mmol), (S)-tert-butyl (l-(3-bromo-6-(3-hydroxy-3-methylbut-l-yn-l-

acid
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yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(14B, 36 mg, 0.073 mmol), and

PdCi 2(PPh3) 2 (5.1 mg, 0.007 mmol) were suspended in 1,4-dioxane ( 1 mL) and 1.0 M aqueous
NaHCC"3 ( 1 mL). The reaction mixture was heated at 150 °C for 15 minutes in a microwave

reactor. After cooling, the reaction mixture was diluted with EtOAc (50 mL), washed with
water and brine, concentrated in vacuo, and purified by silica gel column chromatography,
eluting with 20-100% EtOAc in hexanes to give the title compound. MS (m/z) 728.3 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)-lJJ-trifluoromethanesulfonamide

(171C):

[0790]

To a solution of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-

(trifluoromethylsulfonamido)-lH-indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(171B, 43 mg, 0.059 mmol) in DCM ( 1 mL) was

added trifluoroacetic acid ( 1 mL). The reaction mixture was stirred at room temperature for 3
hours and then concentrated in vacuo and azeotroped once with toluene (20 mL) to give the title
compound. MS (m z) 628.2 [M+H] + .
Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(trifluoromethylsulfonamido)-lH-indazol-7-yl)6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b A4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (171D):

[0791]

To a solution of crude (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-((2-

hydroxyethyl)(methyl)amino)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3yl)methanesulfonamide (171C, 44 mg, 0.059 mmol) in DMF ( 1 mL) was added 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic

acid (15.6 mg, 0.059 mmol), and HATU (27 mg, 0.071 mmol) followed by

diisopropylethylamine (31 µ , 0.177 mmol). After stirring for two hours at ambient temperature,
the reaction mixture was filtered and purified by reverse phase HPLC to provide the title
compound as a mixture of atropisomers. 1H NMR (400 MHz, DMSO-J 6) δ 9.11 (d), 8.95 (d),
7.87 (d), 7.83 (d), 7.51 (d), 7.26 (d), 7.19 (s), 7.12 - 6.74 (m), 6.62 - 6.56 (m), 6.49 - 6.35 (m),
4.95 (q), 4.79 - 4.54 (m), 3.26 (s), 3.06 (s), 3.31 - 2.92 (m), 2.58 - 2.38 (m), 1.52 (s), 1.42 1.30 (m), 0.95 - 0.78 (m). MS (m/z) 874.2 [M+H] + .

Example 172.
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157F

172

Synthesis of N-((SH-(5-(4-cMoro-l-methyl-3-(methyk
bipyridinl-6-yl)-2-(3,5-difluorophenyl)ethyl)-2-^^
3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0792]

(172):

To the reaction vial containing 157F (20 mg, 0.025 mmol) in dioxane (0.25 mL) was

added 2-(tributylstannyl)pyridine (0.01 mL, 0.027 mmol), Pd(dppf)Cl 2 -DCM (1.2 mg, 0.001
mmol), and KF (4 mg, 0.75 mmol). The reaction mixture was flushed with argon gas for 5 min
then sealed and heated in a microwave reactor to 135°C for 30 min. Upon cooling, the reaction
mixture was filtered and purified by reverse phase HPLC to provide the title compound 172 as a
mixture of atropisomers.

1H

NMR (400 MHz, cd3od) δ 9.90-9.8 (m), 8.80-8.76 (m), 8.74 - 8.70

(m,), 8.52-8.45 (m), 7.98 - 7.88 (m, 1H), 7.30 - 7.04 (m,), 6.82 - 6.71 (m), 6.51 - 6.34 (m),

5.45-5.35 (m), 5.14 - 5.05 (m), 4.98 - 4.86 (m), 3.35 (s), 3.21 - 3.00 (m), 2.60 - 2.38 (m), 1.42 1.22 (m), 1.19 - 1.09 (m, ), 1.06-1.00 (m). MS (

z) 833.2 [M+H] +.

Exam le 173.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(

1-

methyl-lH-pyrazol-4-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (173):
[0793]

N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-
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3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetamide
0.025 mmol), l-methylpyrazole-4-boronic

(157F, 20 mg,

acid (3.8 mg, 0.030 mmol), Pd(PPh 3)4 (1.5 mg, 0.001

mmol), and K2C0 3 (10.5 mg, 0.076 mmol) were suspended in 1,4-dioxane (0.2 mL). To the
suspension was added water (0.05 mL). The resulting reaction mixture was degassed by
bubbling argon for 60 seconds then sealed and heated thermally at 110 °C for 2 hours. Upon
completion, the reaction mixture was filtered, concentrated in vacuo, taken in DMF, and purified
by reverse phase HPLC to give the title compound 173 as a mixture of atropisomers. 1H NMR
(400 MHz, Methanol- d4) δ 8.39 (s), 8.35 (s), 8.23 (s), 8.20 (s), 7. 1 - 7.60 (m), 7.15 (s), 7.06 (d),
6.76 (tt), 6.63 (tt), 6.49 - 6.41 (m), 6.41 - 6.34 (m), 5.24 (dd), 4.99 (dd), 4.03 (s), 4.02 (s), 3.46 3.41 (m), 3.39 (s), 3.26 (s), 3.24 (s), 3.23 - 3.17 (m), 3.07 - 2.95 (m), 2.59 - 2.38 (m), 1.49 1.34 (m), 1.17 - 1.11 (m), 1.09 - 1.03 (m). MS (m/z) 836.16 [M+H] + .

Example 174.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(

1-

isopropyl-lH-pyrazol-4-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (174):

[0794]

The title compound (174) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 173 of Example 173 utilizing 1isopropylpyrazole-4-boronic acid, pinacol ester. 1H NMR (400 MHz, Methanol-<i ) δ 8.46 (s),
8.44 (s), 8.24 (s), 8.22 (s), 7.72 - 7.60 (m), 7.16 (s), 7.06 (d), 6.76 (tt), 6.68 - 6.57 (m), 6.49 6.42 (m), 6.41 - 6.33 (m), 5.26 (dd), 4.99 (dd), 4.86 (s), 4.70 - 4.58 (m), 3.47 - 3.40 (m), 3.39
(s), 3.37 - 3.34 (m), 3.26 (s), 3.24 (s), 3.23 - 3.16 (m), 3.09 - 2.93 (m), 2.59 - 2.37 (m), 1.61 (d),
1.49 - 1.34 (m), 1.17 - 1.11 (m), 1.09 - 1.02 (m). MS (m/z) 864.20 [M+H] + .

Example 175.
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Synthesis of N-((S)-l-(3-(4-cMoro-l-metfayl-3-(metfaylsiilfonamiclo)-lH-indazol-7-yl)-6-(

1-

methyl-lH-pyrazol-5-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-lvDacetamide (175):
[0795]

The title compound (175) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 173 of Example 173 utilizing 1-methyl- 1H pyrazole-5-boronic acid pinacol ester. 1H NMR (400 MHz, Methanol-^) δ 7.87 - 7.78 (m), 7.59
(d), 7.31 (d), 7.20 (d), 7.11 (d), 6.90 (d), 6.88 (d), 6.79 (tt), 6.63 (tt), 6.55 - 6.51 (m), 6.47 - 6.37

(m), 5.40 (dd), 5.07 (dd), 4.78 (s), 4.77 (s), 4.43 (s), 4.34 (s), 3.39 (s), 3.25 (s), 3.24 - 3.21 (m),

3.15 - 3.12 (m), 3.11 - 3.02 (m), 2.59 - 2.35 (m), 1.47 - 1.33 (m), 1.15 - 1.08 (m), 1.06 - 0.98
(m). MS (m/z) 836.15 [M+H] + .

Example 176.

176

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6(pyrimidin-2-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,4lcvclopentari,2-clpyrazol-lvPacetamide (176):
[0796]

The title compound (176) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 172 of Example 172 utilizing 2(tributylstannyl)pyrimidine. 1H NMR (400 MHz, cd3od) δ 9.90 - 9.86 (m), 9.84-9.80 (m), 8.80-
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8.75 (m, 1H), 8.74 (d), 8.47 (d),7.92 (t), 7.25 - 7.12 (m), 6.80 - 6.50 (m), 6.45-6.40 (m), 5.455.38 (m), 5.15-5.05

(m), 4.90 - 4.81 (m), 3.37 (s), 3.18-3.04 (m), 2.50-2.39 (m), 1.44 - 1.25
z) 835.1 [M+H] + .

(m), 1.15-1.09 (m), 1.08 - 0.97 (m). M S (
Example 177.

Synthesis of (S)-tert-butyl (l-(5-bromo-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lHindazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

[0797]

(177A):

Compound 183A (0.500g, 0.82mmol) was added to a stirred suspension of t-BuONO

(0.15mL, 1.24mmol) and CuBr 2 (0.276g, 1.24mmol) in acetonitrile with ice bath, the suspension
was allowed to warm up to room temperature and stirred overnight.

Aqueous ammonium

chloride was added. The mixture was extracted with EtOAc. The organic layer was dried with
MgS0 4 , concentrated and purified b y silica gel column to afford the title compound as mixture
of atropisomers (177A). M S (m/z) 670 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5phenylpyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

[0798]

(177B):

Compound 177A (3 1.3mg, 0.047mmol), phenylbronic acid (6.3mg, 0.05 lmmol),

K 2CC"3 (39mg, 0.28mmol) and Pd(dppf)Cl

2

(14mg, 0.019mmol) were mixed together. Toluene

(ImL), iPrOH (0.5mL) and water (ImL) were added. The vial was capped tight, stirred at 60 °C
for 30 minutes. The reaction mixture was diluted with EtOAc, washed with brine, dried with
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MgS0 4 and concentrated. The crude was purified by silica gel column to afford the title
compound as mixture of atropisomers (177B). MS (m/z) 668 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-phenylpyridin-3-yl)-4-chloro1-methyl- lH-indazol-3-yl)methanesulfonamide
[0799]

(177C):

Compound 177B (21.7mg, 0.032mmol) was dissolved in DCM (lmL). TFA (0.5mL)

was added. The resultant solution was stirred at ambient temperature for 2 hours. The reaction
was concentrated to afford title compound as mixture of atropisomers (177C). MS (m/z) 568
[M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5phenylpyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0800]

(177D):

Compound 177C (18.4mg, 0.032mmol) and 2-((3bS,4aR)-3-(difluoromethyl)-5,5-

difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid

(8.6mg, 0.032mmol) were dissolved in DMF (lmL). TEA (23uL, 0.162mmol) and HATU
(18.5mg, 0.049mmol) were added. Upon completion, a few drops of 1M HCl were added. The
reaction was purified by HPLC to afford the title compound as mixture of atropisomers (177D).
1H

NMR (400 MHz, Acetonitrile-d3) δ 9.04 (dd), 7.99 (dd), 7.82 - 7.73 (m), 7.69 (d), 7.59 -

7.43 (m), 7.34 (d), 7.29 - 7.18 (m), 7.15 (d), 6.90 (d), 6.85 - 6.73 (m), 6.69 - 6.58 (m), 6.49 6.36 (m), 5.30 (q), 4.96 (q), 4.69 (d), 3.33 (s), 3.28 (s), 3.27 (s), 3.20 - 2.91 (m), 2.58 - 2.40 (m),
1.40 (q), 1.09 - 0.97 (m). MS (m/z) 814 [M+H] + .

Example 178.

Synthesis of N-((S)-l-(6-(2-(tert-butyl)thiazol-5-yl)-3-(4-chloro-l-methyl-3(methylsulfonamido)-lH-indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,4lcyclopentari,2clpyrazol-l-yl)acetamide (178):
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[0801]

N-((S)-l-(6-chloro-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-

yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetamide
0.025 mmol), 2-(tert-butyl)-5-(tributylstannyl)thiazole

(157F, 20 mg,

(12.03 mg, 0.028 mmol), Pd(dppf)Cl 2

(1.1 mg, 0.001 mmol), and KF (4.4 mg, 0.076 mmol) were suspended in 1,4-dioxane (0.25 mL).

The resulting reaction mixture was degassed by bubbling argon for 60 seconds then sealed and
heated at 130 °C for 30 minutes in a microwave reactor. Upon cooling, the reaction mixture was
filtered, concentrated in vacuo, taken in DMF, and purified by reverse phase HPLC to give the
title compound 178 as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ 8.40 (s),
7.91 (dd), 7.76 (d), 7.74 (d), 7.20 - 7.13 (m), 7.08 (d), 6.77 (tt), 6.65 (tt), 6.55 - 6.47 (m), 6.45 -

6.38 (m), 5.20 (dd), 5.02 (dd), 4.80 (s), 3.41 (s), 3.26 (s), 3.25 (s), 3.09 - 2.98 (m), 2.95 (s), 2.60
- 2.39 (m), 1.71 (s), 1.70 (s), 1.69 (s), 1.48 - 1.34 (m), 1.17 - 1.11 (m), 1.09 - 1.03 (m). MS

(m/z) 897.04 [M+H] + .
Exam le 179.

157F

179

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(

1-

methyl-lH-imidazol-4-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5-difluoro3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazol-lvPacetamide (179):
[0802]

The title compound (179) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 178 of Example 178 utilizing l-methyl-4(tributylstannyl)-l H -imidazole. 1H NMR (400 MHz, Methanol-^) δ 8.89 (s), 8.84 (s), 8.29 (s),
8.25 (s), 7.94 - 7.82 (m), 7.19 (s), 7.07 (d), 6.78 (tt), 6.64 (tt), 6.48 - 6.41 (m), 6.37 (dd), 5.35

(dd), 5.05 (dd), 4.81 (s), 4.77 (s), 4.05 (s), 4.04 (s), 3.36 (s), 3.27 (s), 3.25 (s), 3.23 - 3.18 (m),
3.12 - 2.98 (m), 2.59 - 2.41 (m), 1.48 - 1.37 (m), 1.33 - 1.26 (m), 1.16 - 1.10 (m), 1.09 - 1.03
(m). MS (m/z) 836.15 [M+H] + .
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Exam le ISO-

Synthesis of tert-butyl ((lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfinamido)-lH-indazol-7-yl)-6(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

[0803]

(180A):

(S)-tert-butyl (l-(3-(3-amino-4-chloro-l-methyl-lH-indazol-7-yl)-6-(3-hydroxy-3-

methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(55A, 6 1 mg, 0.102

mmol) was dissolved in dichloromethane (2 niL) and diisopropylethylamine

(0.071 niL, 0.409

mmol). The mixture was cooled to 0 °C and methanesulfinyl chloride (30.3 mg, 0.307 mmol)
was added dropwise. After stirring at ambient temperature overnight the reaction mixture was
diluted with ethyl acetate (50 mL), washed with water and brine and evaporated under vacuum.
Purification on silica gel gave the title compound. MS (m/z) 658.3 [M+H] + .
Synthesis of N-(7-(2-((S)-l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)pyridin-3-yl)-4-chloro-

[0804]

1-methyl- lH-indazol-3-yl)methanesulfinamide

(180B):

To a solution of tert-butyl ((lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfinamido)-lH-

indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)carbamate

(180A, 50 mg, 0.076 mmol) in DCM ( 1 mL) was added

trifluoroacetic acid ( 1 mL). The reaction mixture was stirred at room temperature for 3 hours
and then concentrated in vacuo and azeotroped once with toluene (20 mL) to give the title
compound. M S (m z) 558.2 [M+H] + .
Synthesis of N-(( lS)-l-(3-(4-chloro-l-methyl-3-(methylsulfinamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-
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(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol- l-yl)acetamide (180C):
[0805]

To a solution of crude N-(7-(2-((S)-l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-

hydroxy-3-methylbut-l-yn-l-yl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3yl)methanesulfinamide (180B, 52 mg, 0.076 mmol) in DMF ( 1 mL) was added 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid (20 mg, 0.076 mmol), and HATU (34.7 mg, 0.091 mmol) followed by
diisopropylethylamine (66 µ , 0.38 mmol). After stirring for two hours at ambient temperature,
the reaction mixture was filtered and purified by reverse phase HPLC to provide the title
compound as a mixture of diastereomers and atropisomers. 1H NMR (400 MHz, DMSO-J6) δ
8.99 - 8.60 (m), 7.85 - 7.70 (m), 7.55 (d), 7.05 - 6.70 (m), 6.56 - 6.28 (m), 4.93 - 4.49 (m),

3.30 - 2.59 (m), 2.96 (s), 2.65 (s), 2.48 - 2.30 (m), 1.72 - 1.66 (m), 1.42 - 1.30 (m), 0.95 - 0.78
(m). MS (m/z) 804.2 [M+H] + .

Example 181.

Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5(2-chlorophenyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(181A):

359

[0806]

The title compound as mixture of atropisomers (181A) was prepared according to the

method presented for the synthesis of compound 177B of Example 1 7 utilizing compound
177A and 2-chlorophenylbronic acid. MS (m/z) 702 [M+H] + .
Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(2-chlorophenyl)pyridin-3yl)-4-chloro-l -methyl- lH-indazol-3-yl)methanesulfonamide
[0807]

(181A):

The title compound as mixture of atropisomers (181B) was prepared according to the

method presented for the synthesis of compound 177C of Example 177 utilizing compound
181A. MS (m/z) 602 [M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5-(2chlorophenyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
(181C):

[0808]

The title compound as mixture of atropisomers (181C) was prepared according to the

method presented for the synthesis of compound 177D of Example 177 utilizing compound
181B and 2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, DMSO-d6) δ

9.82 (s), 9.75 (s), 9.07 (d), 8.94 (d), 8.87 (dd), 7.97(d), 7.90 (d), 7.69 - 7.39 (m), 7.23 - 6.74 (m),
6.54 (d), 6.44 (d), 5.03 (q), 4.90 - 4.53 (m), 3.32 (s), 3.23 - 2.89 (m), 2.60 - 2.37 (m), 1.47 1.30 (m), 0.83 (s). MS (m/z) 848 [M+H] + .

Example 182.
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Synthesis of 2-(5-bromo-6-methylpyridin-3-yl)isoindoline-l,3-dione (182A):
[0809]

A mixture of phthalic anhydride (3.7 g, 25 mmol), 5-bromo-6-methylpyridin-3-amine

(3.9 g, 20.85 mmol) and sodium acetate (1.5 g, 25 mmol) in glacial acetic acid (44 ml) was

refluxed for overnight. After cooling down to room temperature, the precipitate was collected by
vacuum filtration and washed with water. Then it was dried under high vacuum to afford the title
compound 182A. MS (

z) 318.91 [M+H] +.

Synthesis of 3-bromo-5-(l,3-dioxoisoindolin-2-yl)picolinaldehyde (182B):
[0810]

To a microwave tube was charged with compound 182A (1.5 g, 4.73 mmol) and

selenium dioxide (682 mg, 6.15 mmol). To it was added 14 mL of 1,2-dimethoxyethane and the
microwave tube was sealed. The reaction mixture was heated in a 130 °C heating bath for 20
hours. The reaction mixture was cooled down and the solids filtered off. The filtrate was
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concentrated to afford the title compound

Β . Η NMR (400 MHz, DMSO) δ 10.04 (s, 1H),

8.95 (d, J = 1.9 Hz, 1H), 8.41 (d, J = 1.7 Hz, 1H), 8.07 - 7.84 (m, 4H).

Synthesis of (S,Z)-N-((3-bromo-5-(13-dioxoisoindolin-2-yl)pyridin-2-yl)methylene)-2methylpropane-2-sulfinamide (182C) :
[0811]

Copper(II) sulfate (anhydrous, 5.8 g, 36.2 mmol) was added to a solution of 3-bromo-

5-(l,3-dioxoisoindolin-2-yl)picolinaldehyde

(182B, 6 g, 18 mmol) and (S)-2-methylpropane-2-

sulfinamide (2.2 g, 18 mmol) in CH2CI2 ( 60 mL). The reaction mixture was stirred at ambient
temperature for 2 hours and then filtered and washed with CH2CI2 . The filtrate was concentrated
and the residue was purified by silica gel chromatography eluting with EtOAc and methylene
chloride to yield the title compound 182C. MS (m/z) 433.87 [M+H] + .
Synthesis of (S)-N-((S)-l-(3-bromo-5-(l,3-dioxoisoindolin-2-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-methylpropane-2-sulfinamide (182D) :
[0812]

To a solution of compound (182C, 3.7 g, 8.5 mmol) and Cu(OTf) 2 (154 mg, 0.4

mmol) in methylene chloride (30 ml) at 0 °C was added (3,5-difluorobenzyl)zinc bromide (0.5
M in THF, 25.5 ml, 12.8 mmol) dropwise. The reaction stirred at room temperature for one
hour. Ammonium chloride (aq, 100 ml) was added to the reaction and the mixture was extracted
with methylene chloride (2x1 00ml). The organic layer was dried over Na2S04 filtered and
concentrated. The reaction mixture was purified by silica gel chromatography then by reverse
phase HPLC to afford the title compound 182D. MS (m/z) 563.83 [M+H] + .
Synthesis of (S)-tert-butyl l-(3-bromo-5-(13-dioxoisoindolin-2-yl)pyridin-2-yl)-2-(3,5difluorophenvDethylcarbamate (182E) :
[0813]

Compound 182D (2.6 g, 4.6 mmol) was dissolved in 40 mL of methanol and cooled to

0 °C. To it was added 4N HCl/l,4-dioxane (4.6 ml). The reaction mixture was allowed to stir at
room temperature for 10 minutes and concentrated to afford product (S)-2-(6-(l-amino-2-(3,5difluorophenyl)ethyl)-5-bromopyridin-3-yl)isoindoline-l,3-dione

hydrochloride. To the

mixture of the above HC1 salt (-4.6 mmol) and Di-tert-Butyl dicarbonate ( 1 g, 4.6 mmol) in 50
mL of CH2CI2 was added triethylamine (1.28 mL, 9.2 mmol) at 0 °C. The reaction mixture was
stirred for overnight and concentrated in vacuo. The residue was partitioned between EtOAc
and water. The organic layer was washed with brine, dried over MgS04, filtered and
concentrated. Then it was purified on silica gel chromatography to yield the title compound
182E. MS (m/z) 559.71 [M+H] + .
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Synthesis of (S)-tert-butyl (l-(5-amino-3-bromopyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (182F):
[0814]

To a mixture of compound 182E (1.5 g, 2.7 mmol) in 27 ml of ethanol, 0.9 ml of

hydrazine monohydrate was added and stirred at room temperature for 2 hours. More ethanol
was added to the reaction mixture. The precipitate was filtered off and the filtrate was
concentrated. The residue was diluted with ethyl acetate, and washed with water and then with a
saturated sodium chloride solution. The organic layer was dried over anhydrous magnesium
sulfate, and concentrated under reduced pressure. The residue was subjected to silica gel

column chromatography to give the title compound 182F. MS (m/z) 427.83 [M+H] +.
Synthesis of (S)-tert-butyl (l-(5-amino-3,6-dibromopyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (182G) :
[0815]

A solution of compound 182F (960 mg, 2.24 mmol) in 20 mL of acetonitrile was

cooled to 0° C and treated with N -Bromosuccinimide (399 mg, 2.24 mmol) as a solution in 20
mL of acetonitrile. The reaction mixture was partitioned with EtOAc and saturated aqueous
NaHC0 3 . The organic layer was separated and washed with brine, then dried over MgS0 4 and
concentrated in vacuo. The residue was purified by silica gel chromatography to afford the title
compound 182G. MS (m/z): 507.52 [M+H] +.
Synthesis of (S)-tert-butyl (l-(5-amino-3-bromo-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2yl)-2-(3,5-difluorophenyl)ethyl)carbamate (182H):
[0816]

The title compound (182H) was prepared according to the method presented for the

synthesis of compound 4F of Example 4 utilizing compound 182G. MS (m/z) 511.87 [M+H] +.

Synthesis of (S)-tert-butyl (l-(3-bromo-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)-5(methylamino)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (1821):
[0817]

Compound 182H (200 mg, 0.39 mmol) was dissolved in 2 mL of acetonitrile, to it was

added formaldehyde (0.1 mL, 37 % in H20 ) and acetic acid (0.2 mL, 4 mmol) followed by slow
addition of sodium cyanoborohydride solution (1.2 mL, 1M in THF). The reaction mixture was
allowed to stir at room temperature for 3 hours and quenched by adding aqueous sodium
bicarbonate. It was extracted with ethyl acetate. The organic layer was washed with water, dried
over Na2S0 4 and concentrated under reduced pressure. The crude product was purified by RPHPLC to afford the title compound 1821. MS (m/z): 525.99 [M+H] +.
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Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6(3-hydroxy-3-methylbut-l-yn-l-yl)-5-(methylamino)pyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (182.T) :
[0818]

The title compound (182J) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing compound 1821
and compound 19D. MS

(m/z)

703.35 [M+H] + .

Synthesis of (S)-N-(7-(2 -(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-ynl-yl)-5-(methylamino)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide
(182K):
[0819]

The title compound (182K) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 105C of Example 105 utilizing compound
182J. MS (m/z) 603.17 [M+H] + .

Synthesis of N- S - l -(' 3-(' 4-chloro-l-methyl-3-( ' methylsulfonamido)-lH-indazol-7-yl)-6-(

' 3-

hvdroxy-3-methylbut-l-vn-l-yl)-5-(methylamino)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-23bS,4aR -3-('difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lH-

cyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)acetamide
[0820]

(182L):

The title compound (182L) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 37E of Example 37 utilizing 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid and compound 182K . 1H NMR (400 MHz, Methanol-^) δ 7.00 (d),
6.82 (d), 6.76 (tt), 6.70 (t), 6.43 - 6.30 (m), 6.24 (d), 4.78 - 4.56 (m), 3.39 (s), 3.22 (s), 3.16-2.99
(m), 2.98 - 2.88 (m), 2.84 (s), 2.52-2.31 (m), 1.66 (d), 1.49 - 1.21 (m), 1.12 - 0.86 (m). MS
(

z)

849.90 [M+H] + .

Example 183.
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183F

Synthesis of (S)-tert-butyl (l-(5-amino-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-

indazol-7-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (183A):
[0821]

The title compound (183A) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 19E of Example 19 utilizing compound 182F
and compound 19D. MS

(m/z)

606.88 [M+H] +.

Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5-

(dimethylamino)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (183B):
[0822]

The title compound (183B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 1821 of Example 182 utilizing compound
183A. MS

(m/z)

635.48 [M+H] +.

Synthesis of (S)-tert-butyl (l-(6-bromo-3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-

indazol-7-yl)-5-(dimethylamino)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate (183C):
[0823]

The title compound (183C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 182G of Example 182 utilizing compound
183B. MS (m/z) 714.81 [M+H] +.

Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5-

(dimethylamino)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5difluorophenvDethvDcarbamate (183D):
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[0824]

The title compound (183D) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 4F of Example 4 utilizing compound 183C.
MS (m z) 717.62 [M+H] + .

Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-(dimethylamino)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3vPmethanesulfonamide (183E):
[0825]

The title compound (183E) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 105C of Example 105 utilizing compound
183D. MS

(m/z)

617.09 [M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5(dimethylamino)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5difluorophenyl)ethyl)-2-( ' (' 3bS,4aR)-3-(' difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcvclopropar3,41cvclopentar 1,2-clpyrazol- l-yl)acetamide (183F):
[0826]

The title compound (183F) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 37E of Example 37 utilizing 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid and compound 183E . 1H NMR (400 MHz, Methanol-d 4) δ 7.26 7.10 (m), 7.03 (d), 6.76 (t), 6.69 (t), 6.60 (t), 6.52 - 6.33 (m), 6.32 (d), 4.85 - 4.78 (m), 4.78 4.60 (m), 3.37 (s), 3.23 (d), 3.10 (dd), 2.99 (d), 2.98 - 2.74 (m), 2.45 (ddd), 1.66 (s), 1.48 - 1.30
(m), 1.17 - 0.92 (m). ) . MS (

z) : 863.19 [M+H] + .

Example 184.

Synthesis of tert-butyl (4-(5-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6S - l -(' 2-(' (' 3bS,4aR)-5,5-difluoro-3-arifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-

cyclopropar3^1cyclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5-difluorophenyl)ethyl)pyridin-2yl)-2-hydroxy-2-methylbut-3-yn- l-yl)carbamate (184):
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[0827]

The title compound (184) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 145 of Example 145 utilizing tert-butyl (2hydroxy-2-methylbut-3-yn-l-yl)carbamate.

MS (m/z) 953.9 [M+H] + . HPLC retention time 7.54

min and 7.69 min (2-98% acetonitrile: water with 0.1% trifluoroacetic acid, 8.5 min gradient on
a Phenomonex Kinetex C I 8 column).
Example 185.

Synthesis of (S) -tert-butyl (l-(5-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)r3,3'-bipyridinl-6-yl)-2-(3,5-difluorophenyl)ethyl)carbamate
[0828]

(185A):

The title compound as mixture of atropisomers (185A) was prepared according to the

method presented for the synthesis of compound 177B of Example 177 utilizing compound
177A and 3-pyridinebronic acid. MS (m/z) 669 [M+H] + .
Synthesis of (S)-N-(7-(6-(l-amino-2-(3,5-difluorophenyl)ethyl)-r3,3'-bipyridinl-5-yl)-4-chloro1-methyl- lH-indazol-3-yl)methanesulfonamide
[0829]

(185B):

The title compound as mixture of atropisomers (185B) was prepared according to the

method presented for the synthesis of compound 177C of Example 177 utilizing compound
185A. MS (m/z) 569 [M+H] + .
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Synthesis of N-((SH-(5-(4-cMoro-l-methyl-3-(me^
bipyridinl-6-yl)-2-(3,5-difluorophenyl)ethylV^
3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide

[0830]

(185C):

The title compound as mixture of atropisomers (185C) was prepared according to the

method presented for the synthesis of compound 177D of Example 177 utilizing compound

185B. 1H NMR (400 MHz, Acetonitrile-d3) δ 9.07 (t), 8.96 (dd), 8.66 (dd), 8.15 - 8.06 (m), 8.03
(dd), 7.56 - 7.44 (m), 7.35 (d), 7.28 (d), 7.22 (d), 7.16 (dd), 6.93 - 6.87 (m), 6.86 - 6.72 (m),
6.69 - 6.57 (m), 6.48 - 6.34 (m), 5.37 - 5.29 (q), 4.98 (q), 4.78 - 4.59 (m), 3.36 - 2.91 (m), 2.49
(dtd), 1.41 (p), 1.05 (t). MS (m z) 815 [M+H] + .
Example

Synthesis of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5cvanopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)carbamate

(186A):
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[0831]

To a suspension of 177A (140 mg, 0.21 mmol) in anhydrous/degassed DMF (1.5 ml)

was treated with Zn(CN) 2 (14.7 mg, 0.125 mmol), and tetrakis(triphenylphosphine)palladium(0)
(24.1 mg, 0.021 mmol). The mixture was heated at 90°C for 16 hours under a nitrogen

atmosphere. The reaction mixture was allowed to cool to ambient temperature and poured into
EtOAc (50 ml). The organic layer was washed with brine, dried (MgS0 4), and concentrated
under reduced pressure. The residue was purified on flash column to provide the title compound
as a mixture of atropisomers. MS (m/z) 617 [M+H] + .

Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-5-cvanopyridin-3-yl)-4-chloro1-methyl- 1H-indazol-3- vDmethanesulfonamide hydrochloride (186B) :
[0832]

The title compound (186B) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 21E of Example 2 1 utilizing 186A. MS (m/z)
517 [M+H] + .

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-5cvanopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentari,2-clpyrazol-l-yl)acetamide
[0833]

(186C):

The title compound (186 C) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 10A of Example 10 utilizing 186B and 2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid. MS (m/z) 763 [M+H] + .

Synthesis of 5-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-((S)-l-(2((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentari,2-clpyrazol-l-yl)acetamido)-2-(3,5difluorophenyl)ethyl)nicotinamide (186D) :
[0834]

To a suspension of 186C (21 mg, 0.028 mmol) and K2C0 3(38 mg, 0.28 mmol) in

DMSO, H 20 2 (30 wt. % in H 20 , 0.028 mL, 0.28 mmol) was added to the suspension slowly.
After 10 minutes, the mixture was filtered and purified by reverse phase HPLC to provide the
title compound as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-d4) 1H NMR (400
MHz, Methanol-d4) δ 9.26 (t), 8.73 (t), 8.14 (dd), 7.31 - 7.14 (m), 7.09 (d), 6.77 (tt),6.72 (t),
6.68 - 6.59 (m), 6.49 - 6.30 (m), 5.35-5.25 (m), 5.08 - 5.00 (m), 4.78 - 4.68 (m), 3.25 (d), 3.18

- 3.09 (m), 3.05 - 2.93 (m), 2.65 (s), 2.44 (ddd), 1.39 (dq), 1.01 (h). MS (m/z) 781 [M+H] + .
Example 187.
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,0, DIPEA,

187A

187B

Synthesis of (S)-N-((S)- l-(3,6-dibromopyridin-2-yl)-2-(3-fluorophenyl)ethyl)-2-methylpropane2-sulfinamide (187A):
[0835]

To a solution of (S,Z)-N-((3,6-dibromopyridin-2-yl)methylene)-2-methylpropane-2-

sulfinamide (1.0 g, 2.717 mmol) and Cu(OTf) 2 (49.1 mg, 0.136 mmol) in DCM (10 mL) was
added 3-fluorobenzyl zinc chloride (0.5M in THF, 7.6 mL, 3.803 mmol) dropwise over 7
mintues at 0 °C. The reaction mixture was stirred at 0 °C for 1 hour, then quenched with
saturated aqueous NH4C 1 and diluted with EtOAc. The organic layer was collected, and the
aqueous layer was extracted an additional time with EtOAc. The combined organic layers were
dried over Na2S0 4 , filtered, concentrated, and purified by silica gel column chromatography to
provide the title compound 187A. MS (

z) 476.93, 478.84, 480.79 [M+H] +.

Synthesis of (S)-l-(3,6-dibromopyridin-2-yl)-2-(3-fluorophenyl)ethanamine
[0836]

(187B):

To a solution of (S)-N-((S)-l-(3,6-dibromopyridin-2-yl)-2-(3-fluorophenyl)ethyl)-2-

methylpropane-2-sulfinamide (187A, 714.2 mg, 1.493 mmol) in MeOH (3.7 mL) was added HCl

370

(4M in 1,4-dioxane, 3.7 mL, 14.93 mmol). The reaction mixture was stirred at room

temperature for 30 minutes. Upon completion, the reaction mixture was concentrated in vacuo
to provide the title compound 187B, which was used without purification. MS (m/z) 373.08,

374.92, 376.86 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3,6-dibromopyridin-2-yl)-2-(3-fluorophenyl)ethyl)carbamate
(187C):

[0837]

To a solution of (S)-l-(3,6-dibromopyridin-2-yl)-2-(3-fluorophenyl)ethanamine

(187B,

558.62 mg, 1.493 mmol) in DCM was added DIPEA (0.52 mL, 2.987 mmol). The reaction
mixture was cooled to 0 °C, then Boc 20 (358.6 mg, 1.643 mmol) was added. The reaction
mixture was warmed to room temperature and stirred at room temperature for 2.5 hours. Upon
completion, the reaction mixture was concentrated in vacuo and purified by silica gel column
chromatography to provide the title compound 187C. MS (m/z) 472.71, 474.68, 476.68 [M+H] + .
Synthesis of (S)-tert-butyl (l-(3-bromo-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3fluorophenvDethvDcarbamate (187D):
[0838]

A solution of (S)-tert-butyl (l-(3,6-dibromopyridin-2-yl)-2-(3-

fluorophenyl)ethyl)carbamate (187C, 200.0 mg, 0.422 mmol) in 2-MeTHF was degassed by
bubbling argon for 60 seconds. To the degassed solution were added NEt 3 (0.18 mL, 1.268
mmol) and 2-methyl-3-butyn-2-ol (62 µ , 0.633 mmol) followed by Cul (2.4 mg, 0.013 mmol)
and PdCl 2(PPh3)2 (8.9 mg, 0.013 mmol). The reaction mixture was stirred at room temperature
for 30 minutes. Upon completion, the reaction mixture was diluted with water and extracted
three times with EtOAc. The combined organic layers were dried over Na2S0 4 , filtered,
concentrated in vacuo, and purified by silica gel column chromatography to provide the title
compound 187D. MS (m/z) 476.91, 478.83 [M+H] + .
Synthesis (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3-fluorophenyl)ethyl)carbamate
[0839]

(187E):

(S)-tert-butyl (l-(3-bromo-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3-

fluorophenyl)ethyl)carbamate (187D, 189.7 mg, 0.397 mmol), N-(4-chloro-l-methyl-7-(4,4,5,5tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-yl)methanesulfonamide

(19D, 214.6 mg,

0.556 mmol), and PdCl 2(PPh3)2 (27.9 mg, 0.04 mmmol) were taken in 1,4-dioxane (10 mL) and

NaHC0 3 ( 1 M in water, 1.19 mL, 1.19 mmol). The resulting solution was degassed by bubbling
argon for 5 minutes, then the reaction flask was sealed and the reaction heated at 150 °C for 20
minutes in a microwave reactor. Upon cooling, the reaction mixture was filtered, concentrated

371

in vacuo, and purified by silica gel column chromatography to provide the title compound 187E
as a mixture of atropisomers. MS (m/z) 655.92 [M+H] + .

Synthesis of (S)-N-(7-(2-(l-amino-2-(3-fluorophenyl)ethyl)-6-(3-hydroxy-3-methylbut-l-yn-lyl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide
[0840]

(187F):

To a solution of (S)-tert-butyl (l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-

indazol-7-yl)-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3fluorophenyl)ethyl)carbamate (187E, 257.3 mg, 0.392 mmol) in DCM (4 mL) was added TFA
(4 mL). The reaction mixture was stirred at room temperature for 1 hour 15 minutes. Upon

completion, the reaction mixture was concentrated in vacuo to provide the title compound 187F
as a mixture of atropisomers which was used without further purification. MS (m/z) 556.15

[M+H] + .

Synthesis of N-((S)-l-(3-(4-cMoro-l-metfayl-3-(metfaylsiilfonamido)-lH-inciazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3-fluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2-clpyrazoll-yl)acetamide (187G):
[0841]

To a solution of (S)-N-(7-(2-(l-amino-2-(3-fluorophenyl)ethyl)-6-(3-hydroxy-3-

methylbut-l-yn-l-yl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide

(187F, 218.0 mg, 0.392 mmol) in DMA (3 mL) was added NEt 3 (0.16 mL, 1.176 mmol), 2((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-lHcyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl)acetic

acid (77.5 mg, 0.274 mmol), then HATU

(104.4 mg, 0.274 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 15 minutes. Upon completion, the reaction mixture was filtered and purified by
reverse phase HPLC. Fractions containing the product were pooled and lyophilized to give the
title compound 187G as a mixture of atropisomers. 1H NMR (400 MHz, Methanol-^) δ 8.80 8.70 (m), 7.65 (dd), 7.51 (dd), 7.22 - 7.11 (m), 6.99 (d), 6.96 - 6.89 (m), 6.77 (t), 6.60 - 6.46
(m), 6.15 - 6.07 (m), 5.37 - 5.25 (m), 5.02 - 4.93 (m), 4.84 (s), 4.80 (s), 4.78 (s), 4.74 (s), 3.26
(s), 3.23 (s), 3.21 - 3.11 (m), 3.04 - 2.94 (m), 2.82 (s), 2.61 - 2.39 (m), 1.65 (s), 1.50 - 1.35 (m),
1.19 - 1.12 (m), 1.11 - 1.02 (m). MS (m/z) 820.12 [M+H] + .

Example 188.
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Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(

' rnethylsulfonarnido)-lH-indazol-7-yl)-6-( ' 3-

hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3-fluorophenyl)ethyl)-2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro- lH-cvclopropar3,41cvclopentar 1,2clpyrazol-l-yl)acetamide
[0842]

(188):

The title compound (188) was prepared as a mixture of atropisomers according to the

method presented for the synthesis of compound 187G of Example 187 utilizing 2-((3bS,4aR)-3(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazol-l-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 8.72 - 8.62 (m), 7.65 (dd), 7.57
- 7.44 (m), 7.33 (dd), 7.22 - 7.11 (m), 6.99 (d), 6.98 - 6.65 (m), 6.61 - 6.46 (m), 6.14 (d), 6.13
(d), 5.31 (dd), 4.96 (dd), 4.79 (s), 4.74 (s), 4.72 (s), 4.68 (s), 3.26 (s), 3.22 (s), 3.20 - 3.11 (m),

3.04 - 2.92 (m), 2.83 (s), 2.55 - 2.39 (m), 1.65 (s), 1.45 - 1.32 (m), 1.15 - 1.07 (m), 1.07 - 0.98
(m). MS (m/z) 802.15 [M+H] + .

Example 189.

Synthesis of (S)-2-(3,5-bis(difluoromethyl)-lH-pyrazol-l-yl)-N-(

l-(3-(4-chloro-l-methyl-3-

(methylsulfonamido)-lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)acetamide (189):
[0843]

The title compound (189) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(3,5bis(difluoromethyl)-lH-pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, Methanol-J 4) δ 7.70 (dd),
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7.53 (dd), 7.18 (q), 7.07 (d), 7.01 - 6.56 (m), 6.42 (d), 6.40 - 6.31 (m), 5.26 (dd), 5.04 - 4.86
(m), 3.25 (s), 3.21 (s), 3.15 (dd), 3.04 - 2.93 (m), 1.64 (s). MS (

z) 783.1 [M+H] + .

Example 190.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(3(trifluoromethyl)-4,5-dihydropyranor3,4-clpyrazol-l(7H)-yl)acetamide
[0844]

(190):

The title compound (190) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(3(trifluoromethyl)-4,5-dihydropyrano[3,4-c]pyrazol-l(7H)-yl)acetic

acid. 1H NMR (400 MHz,

Methanol- d ) δ 7.71 (dd), 7.53 (dd), 7.17 (q), 7.09 (d), 6.82 - 6.69 (m), 6.68 - 6.59 (m), 6.42
(dd), 5.28 - 5.19 (m), 5.01 - 4.92 (m), 4.69 (t), 4.52 (s), 3.92 - 3.78 (m), 3.25 (d), 3.20 - 3.09
(m), 3.01 (s), 2.96 (dd), 2.73 - 2.59 (m), 1.64 (s). MS m z ) 807.0 [M+H] + .

Example 191.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(5-cyclopropyl-3(trifluoromethyl)- lH-pyrazol- l-yl)acetamide (191):
[0845]

The title compound (191) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(5-cyclopropyl-3(trifluoromethyl)-lH-pyrazol-l-yl)acetic

acid. 1H NMR (400 MHz, Methanol-^) δ 7.71 (dd),

7.53 (dd), 7.27 (d), 7.17 (d), 7.10 (d), 6.80 - 6.72 (m), 6.67 - 6.58 (m), 6.52 (d), 6.45 - 6.33 (m),
6.24 (s), 6.19 (s), 5.37 - 5.22 (m), 5.05 - 4.95 (m), 4.90 (d), 3.23 (d), 3.21 - 3.08 (m), 3.05 (s),
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3.03 - 2.93 (m), 1.64 (s), 1.59 - 1.47 (m), 1.04 - 0.90 (m), 0.69 - 0.55 (m). MS (

z) 791.0

[M+H] + .

Example 192.

Synthesis of (S)-N-( l-(3-(4-chloro4-methyl-3-(methylsulfonamidoH
hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(5-hydroxy-2methyl- lH-indol-3-yl)acetamide (192):
[0846]

The title compound (192) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(5-hydroxy-2methyl-lH-indol-3-yl)acetic

acid. 1H NMR (400 MHz, Methanol- d 4 ) δ 7.63 (dd), 7.46 (dd), 7.13

- 7.03 (m), 7.03 - 6.92 (m), 6.74 - 6.54 (m), 6.46 (d), 6.35 (d), 6.26 (d), 5.29 - 5.18 (m), 5.04 4.89 (m), 3.47 (d), 3.43 (s), 3.22 (d), 3.18 - 3.08 (m), 2.97 (s), 2.95 - 2.75 (m), 2.31 (s), 2.28 (s),
1.65 (s). MS (m/z) 761.5 [M+H] + .

Example 193.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(5-fluoro-lHindol-3-yl)acetamide (193):
[0847]

The title compound (193) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(5-fluoro-lH-indol3-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 7.63 (d), 7.53 - 7.43 (m), 7.34 - 7.24 (m),
7.18 - 7.06 (m), 7.02 (dd), 6.91 - 6.77 (m), 6.74 - 6.64 (m), 6.64 - 6.56 (m), 6.49 (d), 6.43 -
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6.30 (m), 5.26 - 5.16 (m), 5.05 - 4.95 (m), 3.64 - 3.39 (m), 3.24 (s), 3.23 (s), 3.14 - 2.80 (m),
1.64 (s). MS (m/z) 749.5 [M+H] + .

Example 194.

Synthesis of (S)-N-( l-(3-(4-chloro4-methyl-3-(methylsulfonamidoH
hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(5-methoxy-lHpyrrolor3,2-blpyridin-3-yl)acetamide
[0848]

(194):

The title compound (194) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(5-methoxy-lHpyrrolo[3,2-b]pyridin-3-yl)acetic acid. 1H NMR (400 MHz, Methanol-d 4) δ 8.32 - 8.20 (m), 7.77
- 7.59 (m), 7.56 - 7.49 (m), 7.17 (dd), 7.09 - 6.97 (m), 6.94 (d), 6.72 (d), 6.57 - 6.48 (m), 6.38
(d), 6.29 (d), 5.29 - 5.17 (m), 5.12 - 5.00 (m), 4.18 - 4.14 (m), 4.03 (d), 3.69 - 3.45 (m), 3.29 -

3.18 (m), 3.20 - 3.03 (m), 3.03 - 2.90 (m), 1.65 (s). MS (m z) 762.3 [M+H] + .

Example 195.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2phenylpropanamide (195):
[0849]

The title compound (195) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-phenylpropanoic
acid. 1H NMR (400 MHz, Methanol- d 4 ) δ 7.71 (dd), 7.63 - 7.42 (m), 7.37 - 7.05 (m), 6.81 -

6.72 (m), 6.69 (d), 6.67 - 6.52 (m), 6.49 (d), 6.47 - 6.39 (m), 6.35 - 6.24 (m), 5.28 - 5.22 (m),

376

5.08 - 5.00 (m), 5.00 - 4.95 (m), 3.72 - 3.49 (m), 3.39 (s), 3.29 - 3.22 (m), 3.18 - 2.95 (m), 2.91
(s), 2.88 - 2.84 (m), 2.81 (s), 1.64 (s), 1.35 (dd), 1.32 - 1.19 (m). MS (

z) 706.8 [M+H] + .

Example 196.

Synthesis of N-((S)-l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(4,7-dimethyl-2oxoindolin-3-yl)acetamide (196) :
[0850]

The title compound (196) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(4,7-dimethyl-2oxoindolin-3-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 7.69 - 7.61 (m), 7.61 - 7.41
(m), 7.16 (d), 7.12 - 7.06 (m), 7.03 (d), 6.89 - 6.76 (m), 6.76 - 6.68 (m), 6.67 (d), 6.64 - 6.54
(m), 6.49 (d), 6.43 - 6.36 (m), 6.34 (d), 5.18 (s), 5.14 - 5.06 (m), 4.83 - 4.75 (m), 3.67 - 3.57
(m), 3.57 - 3.43 (m), 3.36 (s), 3.25 (dd), 3.21 - 3 . 11 (m), 3.10 - 2.97 (m), 2.97 - 2.68 (m), 2.35

- 2.06 (m), 1.71 - 1.59 (m). MS (m/z) 776.1 [M+H] + .
Example 197.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(4-ethylpiperazinl-yl)acetamide (197):
[0851]

The title compound (197) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(4-ethylpiperazinl-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 7.75 (dd), 7.54 (dd), 7.35 (d), 7.27 (d),
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7.20 (d), 6.82 (d), 6.80 - 6.73 (m), 6.69 - 6.62 (m), 6.50 - 6.37 (m), 5.47 - 5.39 (m), 5.07 (dd),
3.40 (s), 3.27 (s), 3.23 - 2.87 (m), 1.63 (s), 1.35 (td). MS (

z) 729.0 [M+H] + .

Example 198.

Synthesis of (S)-2-(benzordlisoxazol-3-yl)-N-(l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)lH-indazol-7-yl)-6-(3-hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5difruorophenyPethyl) acetamide (198) :
[0852]

The title compound (198) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(benzo[d]isoxazol3-yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 7.72 - 7.63 (m), 7.60 (d), 7.59 - 7.49 (m),
7.37 - 7.30 (m), 7.31 - 7.24 (m), 7.16 (d), 7.11 (d), 7.00 (d), 6.74 - 6.66 (m), 6.58 (d), 6.47 6.38 (m), 5.30 - 5.22 (m), 5.07 - 4.95 (m), 3.93 - 3.76 (m), 3.24 (s), 3.21 - 3.10 (m), 3.08 - 2.93
(m), 1.65 (s). MS (m/z) 733.2 [M+H] + .

Example 199.

Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(5,6-dimethyl-lHbenzo \ imidazol- 1-yl) acetamide (199):
[0853]

The title compound (199) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(5,6-dimethyl-lHbenzo[d]imidazol-l-yl)acetic

acid. 1H NMR (400 MHz, Methanol-^) δ 9.19 (s), 9.07 (s), 7.74

(dd), 7.63 - 7.50 (m), 7.49 - 7.33 (m), 7.27 (s), 7.24 - 6.99 (m), 6.74 - 6.56 (m), 6.47 - 6.34
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(m), 5.38 - 5.29 (m), 5.22 - 4.91 (m), 4.03 (s), 3.25 (d), 3.23 - 3.19 (m), 3.14 (s), 3.09 - 2.95
(m), 2.52 - 2.38 (m), 1.65 (s). MS (

z) 761.1 [M+H] + .

Example 200.

Synthesis of (S)-N-( l-(3-(4-cMoro-l-methyl-3-(methylsiilte
hvdroxy-3-methylbut-l-vn-l-yl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-(naphthalen-2vPacetamide (200):
[0854]

The title compound (200) was prepared as a mixture of atropisomers according to the

method presented in the synthesis of 10A in Example 10 utilizing 19F and 2-(naphthalen-2yl)acetic acid. 1H NMR (400 MHz, Methanol-^) δ 7.86 - 7.69 (m), 7.69 - 7.62 (m), 7.59 (s),
7.55 - 7.49 (m), 7.50 - 7.37 (m), 7.34 (d), 7.25 - 7.19 (m), 7.10 (dd), 6.99 (d), 6.84 (d), 6.71 -

6.62 (m), 6.60 - 6.57 (m), 6.55 (dd), 6.47 - 6.34 (m), 5.24 - 5.16 (m), 5.02 (t), 3.64 - 3.44 (m),
3.24 (s), 3.20 (s), 3.18 - 3.11 (m), 3.10 (d), 3.03 - 2.93 (m), 1.64 (s). MS (m/z) 742.8 [M+H] + .
Example 201.
Large scale preparation of (S)-N-(l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol7-yl)-6-(3-hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2((3bS,4aR)-5,5-difluoro-3-(difluoromethyl)-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentarL2-clpyrazol-l-yl)acetamide

(19G).
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Et 2 Zn, CH

OH

19AA

DCM, 0 °C - r.t.
overnight

EtOH, reflux

19AC

19AB

19AK

19AD

19AL

Synthesis of bicyclor3.1.01hexan-3-ol (19AB):
[0855]

Et2Zn (1M in hexane, 2.37 L, 2.37 mol) was added drop-wise to a solution of

compound 19AA (100 g, 1.19 mol) in DCM (800 ml) under N2 at 0-5 °C. The mixture was
stirred at 0-5 °C for 30 min, then CH2I2 (636 g, 2.37 mol) in DCM (200 ml) was added drop-wise
in 1 h at 0-5 °C. The resulting mixture was stirred at room temperature overnight. The mixture
was added slowly to ice-cold aq. NH4C 1 (1.5 L). The mixture was filtered. The aqueous phase
was extracted with DCM (2L x 3). The combined organic layer was dried over MgS0 4 ,
concentrated in vacuo to give crude residue, which was purified by distillation (20 mmHg, 80
°C-82 °C) to give compound 19AB. 1H NMR: (400 MHz, CDC13) δ 4.35 (t, J = 6.4 Hz, 1H),

2.10-2.06 (m, 2H), 1.70 (d, J = 14.0 Hz, 2H), 1.65 (s, 1H), 1.27-1.24 (m, 2H), 0.52-0.47 (m, 2H).
Synthesis of bicyclor3.1.01hexan-3-one (19AC):
[0856]

To a solution of K2Cr20 7 (240 g, 0.82 mol) in H20 (2 L), H2S0 4 (240 g, 2.45 mol) was

added drop-wise at room temperature. The mixture was stirred at room temperature for 1 h . The
system was cooled to 0 °C, compound 19AB (100 g, 1.02 mol) in TBME (2 L) was added dropwise. The reaction mixture was stirred at room temperature for 4 h . The organic layer was

separated. The aqueous layer was extracted with TBME ( 1 L x 3). The combined organic layer
was dried over MgS0 4 , filtered, concentrated in vacuo to give the crude product, which was
purified by distillation (20 mmHg, 60 °C-62 °C) to give compound 19AC. 1H NMR (400 MHz,
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CDCI 3) δ 2.57-2.52 (m, 2H), 2.13-2.08 (m, 2H), 1.50-1.47 (m, 2H), 0.88-0.85 (m, 1H), 0.080.01(m, 1H).
Synthesis of 2-(2,2-difluoroacetyl)bicyclor3.1.01hexan-3-one (19AD):
[0857]

To the solution of compound 19AC (100 g, 1.04 mol) in THF ( 1 L), LDA (700 ml,

1.05 mol, 1.5M in THF) was added drop-wise under N2 over a period of 2 h . The resulting

mixture was stirred 1 h at -78 °C. Ethyl difluoroacetate (142 g, 1.14 mol) in THF (500 ml) was
added drop-wise over a period of 1 h and the reaction was stirred 1 h at -78 °C. The reaction
was warmed to room temperature and stirred for 4 h . The reaction was quenched by aqueous IN
HC1 (1.5 L) and then partitioned between EA (1.0 L) and aqueous citric acid (300 ml). The

organic layer was separated and washed with brine. Solvents were removed in vacuo to give
compound 19AD which was used for the next step without further purification. 1H NMR (400
MHz, CDCI 3 ) δ 6.17 (t, J = 53.6 Hz, 1H), 2.78-2.73 (m, 1H), 2.44-2.39 (m, 1H), 2.25-2.24 (m,
1H), 1.70-1.69 (m, 1H), 1.22-1.14 (m, 1H), 0.31-0.27 (m, 1H).

Synthesis of 3-(difluoromethyl)-3b,4,4a,5-tetrahvdro-lH-cvclopropar3,41cvclopentari,2clpyrazole (19AE):
[0858]

N 2H 4 H 2 O (104 g, 2.08 mol) was added drop-wise in 30 min to the solution of

compound 19AD (380 g, 2.08 mol) in EtOH (4 L) at room temperature The mixture was stirred
at reflux overnight. The mixture was concentrated in vacuo then purified by silica gel column
chromatography (PE: EA= 10:1- 5:1) to give compound 19AE. MS (m/z): 171.1 [M+H] +. 1H
NMR (400 MHz, CDC13) δ 6.74 (t, J = 55.6 Hz, 1H), 2.99-2.94 (m, 1H), 2.82-2.78 (m, 1H),
2.13-2.07 (m, 2H), 1.14-1.08 (m, 1H), 0.30-0.27 (m, 1H).
Synthesis of ethyl 2-(3-(difluoromethyl)-3bA4a,5-tetrahvdro-lHcyclopropar3,41cyclopentari,2-c1pyrazol-l-yl)acetate
[0859]

(19AF):

To a solution of compound 19AE (20 1 g, 1.18 mol) in DMF (2 L), ethyl bromoacetate

(207 g, 1.24 mol) and C S2C O 3 (404 g, 1.24 mol) were added in one portion at room temperature.

The mixture was stirred at room temperature for 3 h . The mixture was poured into H20 (4 L) and
then extracted with EA (2 L x 3). The combined organic phase was washed with brine (2 L x 3),
dried over MgS0 4 , and concentrated in vacuo. The crude product was purified by silica gel
column chromatography (PE: EA= 20:1- 8:1) to obtain a mixture of N l and N2 alkylation
isomers. An additional purification from PE/EA (10/1) provided compound 19AF. MS (m/z):
257.1 [M+H] +. 1H NMR (400 MHz, CDC13) δ 6.61 (t, J = 55.2 Hz, 1H), 4.70 (dd, J = 17.2, 11.2
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Hz, 2H), 4.23 (q , J = 7.2 Hz, 2H), 2.91 (dd , J = 16.0, 6.0 Hz, 1H), 2.72 (d , J = 16.4 Hz, 1H),
2.17-2.09 (m, 1H), 1.28 (t, J = 7.2 Hz, 3H), 1.10-1.07 (m, 1H), 0.33-0.30 (m, 1H).
Synthesis of ethyl 2-(3-(difluoromethyl)-5-oxo-3bA4a,5-tetrahydro-lHcvclopropar3,41cvclopenta|T,2-clpyrazol-l-yl)acetate
[0860]

(19AG):

Compound 19AF (102 g, 0.39 mol) and celite 545 (390 g) were added to cyclohexane

(3.5 L) and the mixture was stirred at 10 °C. PDC (599 g, 1.59 mol) was added in one portion

followed by TBHP (289 ml, 1.59 mol) drop-wise in 30 min at 10 °C. The reaction was slowly
warmed to room temperature and stirred for 4 days. The reaction was filtered through celite and
filter cake was washed with EtOAc (600 ml). The combined organic layer was stirred with
saturated aqueous Na2S20 3 (1000 ml) for 1 h . The organic layer was separated and treated with
half saturated FeS0 4 (300 ml), washed with brine and dried over Na2S0 4. Solvents were
removed in vacuo to give crude product, which was additionally purified from PE (300 ml) to
give compound 19AG. MS (m/z): 271.1 [M+H] + 1H NMR (400 MHz, CDC13) δ 6.67 (t, J =
54.8 Hz, 1H), 4.94 (s, 2H), 4.23 (q, J = 7.2 Hz, 2H), 2.79-2.78 (m, 1H), 2.59-2.56 (m, 1H), 1.701.65 (m, 2H), 1.28 (t, J = 6.8 Hz, 3H).

Synthesis of ethyl 2-(3-(difluoromethyl)-4,4a-dihydrospirorcyclopropar3,41cyclopentari,2clpyrazole-5,2 '-ri ,31dithiolanel-l(3bH)-yl)acetate (19AH):
[0861]

To compound 19AG (148.5 g, 0.55 mol) in DCM (2.0 L) was added ethane- 1,2-dithiol

(88.0 g, 0.94 mol) in one portion and the solution was stirred at room temperature. BF3 .2AcOH
(175.8 g, 0.94 mol) was added to above solution. The reaction was stirred at room temperature
for 12 h . The system was cooled to 0 °C and quenched with saturated aqueous NaHC0 3 (1000
ml). The organic layer was separated, washed with brine (500 ml) and dried over Na2S0 4.

Solvents were removed in vacuo and the residue was purified by silica gel column
chromatography (PE: EtOAc =30:1- 10:1) to provide compound 19AH. MS (m/z): 347.1
[M+H] + 1H NMR (400 MHz, CDC13) δ 6.61 (t, J = 55.0 Hz, 1H), 4.90 (dd, J = 17.2, 10.8 Hz,

2H), 4.21 (q, J = 4.8 Hz, 2H), 3.51-3.45 (m, 4H), 2.60-2.58 (m, 1H), 2.43-2.42 (m, 1H), 1.291.23 (m, 4H), 0.63-0.61 (m, 1H).

Synthesis of ethyl 2-(3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcvclopropar3,41cvclopentar 1,2-clpyrazol- l-yl)acetate (19AI):
[0862]

A solution of DBDMH (99 g, 0.35 mol) in dry DCM (120 mL) was cooled to -78 °C in

a teflon bottle. HF/Py (120 mL) was added drop-wise over a period of 30 min. The reaction
was stirred at -78 °C for 30 min. Then a solution of compound 19AH (40 g, 0.12 mol) in dry
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DCM (80 mL) was added drop-wise over a period of 15 min at -78 °C. The resulting mixture
was stirred for 30 min at this temperature, then slowly warm to -30 °C and stirred for 1.5 h . The
reaction mixture was slowly poured into aq. NaHC0

3

(500 mL) and extracted with EA (500

mLx3). The combined organic layer was washed with 10% aq. Na2S20 3 (500 mL), brine (500
mL) and dried over Na2S0 4 . Solvents were removed in vacuo to afford the crude product, which
was further purified by column chromatography (PE: EA =80: 1 to 50: 1) to give compound
19AI. MS (m/z): 293.2 [M+H] +. 1H NMR (400 MHz, CDC13) δ 6.63 (t, J = 54.8 Hz, 1H), 4.83
(s, 2H), 4.24 (q , J = 7.2 Hz, 2H), 2.48-2.45 (m, 2H), 1.38-1.36 (m, 1H), 1.28 (t, J = 7.2 Hz, 3H),

1.13-1.12 (m, 1H).
Synthesis of 2-(3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lHcyclopropar3,41cyclopentarL2-c1pyrazol-l-yl)acetic
[0863]

acid (19A.T):

To a solution of compound 19AI (50 g, 171 mmol) in THF (87.5 mL) and MeOH (350

mL) was added the solution of LiOH (6.2 g, 257 mmol) in H20 (350 mL). The mixture was
stirred at 20 °C for 3 h . The mixture was concentrated to remove most of THF and MeOH, the
aqueous was acidified by IN HC1 to adjust pH to 2-3, then extracted with EA (600 mLx2). The
organic phase was separated and combined, dried over Na2S0 4 filtered and concentrated in
vacuum to give compound 19AJ.
2-((3bS,4aR)-3-(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahvdro-lHcyclopropar3,41cyclopentarL2-clpyrazol-l-yl)acetic

acid (19AK) and 2-((3bR,4aS)-3-

(difluoromethyl)-5,5-difluoro-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentarL2clpyrazol-l-yl)acetic acid (19AL):
[0864]

Compound 19AJ was separated by SFC (ChiralPak IC-10 u, 300x50mm I.D., mobile

phase: C0 2 / isopropanol (0.1% NH3 H20), 35% gradient, 200 mL / min flow rate, 38 °C column
temperature, detection at 220 nm) to give compound 19AK (79.3 g) and 19AL (80.8 g). 19AK:
MS (m/z): 265.0 [M+H] +; 1H NMR: (400 MHz, DMSO-d 6) δ 13.43 (br, 1H), 7.04 (t,

= 54.0

Hz, 1H), 4.99-4.87 (m, 2H), 2.62-2.57 (m, 2H), 1.46-1.41 (m, 1H), 0.96 (s, 1H). 19AL: MS
(m/z): 265.0 [M+H] + ; 1H NMR: (400 MHz, DMSO-d 6) δ 13.42 (br, 1H), 7.04 (t,
1H), 4.99-4.88 (m, 2H), 2.63-2.51 (m, 2H), 1.46-1.41 (m, 1H), 0.97 (s, 1H).

= 54.0 Hz,
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Synthesis of 3,6-dibromo-2-(dibromomethyl)pyridine (5A):
[0865]

To a stirred solution of 3,6-dibromo-2-methylpyridine (200.0 g, 797.06 mmol) in CCI 4

(4000 mL), benzoyl peroxide (192.89 g, 797.06 mmol) followed by NBS (565.0 g, 3188.0

mmol) was added at room temperature. After addition was completed, the resulting reaction

mixture was stirred in presence of white light 400 watt bulb at room temperature for 20 h . The
reaction mixture was stirred at room temperature for 20 h . The reaction mixture was filtered and
washed with CC14 (2 x 800 mL). The filtrate was evaporated under reduced pressure which was
further purified by column chromatography on silica gel using 0- 5% EA in hexane as an eluent
to afford compound 5A. MS (m/z): 409.66 [M+H] +.

Synthesis of 3,6-dibromopicolinaldehyde (5B):
[0866]

To a solution of compound 5A (100.0 g, 244.67 mmol) in EtOH (1000 mL) at 80 °C,

aqueous silver nitrate (103.9 g, 6 1 1.6 mmol, in 300 mL water) was added drop-wise, in 1 h at
same temperature. After addition was completed, the resulting reaction mixture was stirred to

reflux for another 5 h . The reaction mixture was cooled to room temperature and filtered. The
filtrate was evaporated under reduced pressure and the resultant crude was diluted with water
(1000 mL). The aqueous layer was extracted with ethyl acetate (3 x 400 mL). The combined
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organic layers were washed with water (2 x 400 mL), dried over sodium sulfate and distilled off
under reduced pressure gave compound 5B. MS (m/z): 265.96. [M+H] +
Synthesis of (S,Z)-N-((3,6-dibromopyridin-2-yl)methylene)-2-methylpropane-2-sulfinamide
5C :

[0867]

To a stirred solution of compound 5B (68.0 g, 256.7 mmol) in DCM (1400 mL),

copper (II) sulfate anhydrous (102.3 g, 641.75 mmol) was added followed by (S)-2methylpropane-2-sulfinamide (37.3 g, 308.0 mmol) at room temperature. The resulting
suspension was stirred at room temperature for 16 h . The reaction mixture was filtered and
washed with DCM (100 mL). The eluent was evaporated under reduced pressure. The resultant
crude compound was recrystallized from diethyl ether (300 mL) to provide compound 5C. MS
(m/z) 368.86 [M+H] +

Synthesis of (S)-N-((S)-l-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2methylpropane-2-sulfinamide (5D) :
[0868]

To a stirred solution of compound 5C (20.0 g, 54.33 mmol) in dry THF (300 mL), at -

78 °C a solution of 3,5-difluorobenzylmagnesium bromide (260.8 mL, 0.2M in ether, 65.20

mmol) was added drop- wise in 1 h at -78 °C. After addition was completed, the resulting

reaction mixture was stirred at -78 °C for lh. The reaction mixture was quenched with aqueous
NH4C 1 (200 mL) at same temperature. Organic layer was separated and aqueous layer was
extracted with EtOAc (3 x 150 mL). The combined organic layers were washed with water (2 x
200 mL) and brine, dried over Na2S0 4. The solvent was distilled off under reduced pressure and

the resultant crude compound was purified by column chromatography on silica-gel using 018% EA in hexane as an eluent to provide compound 5D. MS (m/z) 496.99 [M+H] +

Synthesis of (S)-l-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethanamine
hvdrochloride (5E):
[0869]

To a solution of compound 5D (53 g, 107 mmol) in methanol (100 mL) was slowly

added 4 N HC1 in dioxane (30 mL) at room temperature. Upon completion of the reaction, the
volatiles were removed in vacuo. The resulting solid was suspended in ether (200 mL) and
collected by filtration to provide compound 5E. MS (m/z) 393.17 [M+H] +
Synthesis of (S)-tert-butyl l-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate
(14A):
[0870]

To a suspension of compound 5E (5 g, 11.7 mmol) in DCM (50 mL) was added di-tert-

butyl dicarbonate (3.1 g, 14 mmol) and triethylamine (2.4 g, 23 mmol) at room temperature.
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Upon completion of the reaction, the volatiles were removed in vacuo. The resulting residue
was dissolved in EtOAc and washed with saturated aqueous ammonium chloride and brine. The
organic layer was dried over sodium sulfate. The solvent was distilled off under reduced
pressure and the resultant crude compound was purified by column chromatography on silica-gel
using ethyl acetate in hexane as an eluent to provide compound 14A. MS (m/z) 492.96 [M+H] +
Synthesis of (S)-tert-butyl (l-(3-bromo-6-(3-hydroxy-3-methylbut-l-yn-l-yl)pyridin-2-yl)-2(3,5-difluorophenyl)ethyl)carbamate (14B):
[0871]

A solution of compound 14A (570 mg, 1.16 mmol), 3-methyl butynol (179 µ , 1.74

mmol), Cul (6 mg, 0.03 mmol), Pd(PPh 3)2Cl2 (20 mg, 0.03 mmol) and triethylamine (0.5 mL) in
THF (2 mL) was degassed with argon for 15 min. The resulting solution was then heated at 35
°C for 2 h . Upon completion of the reaction, the mixture was filtered through a pad of celite and

washed with ethyl acetate. The combined organic layers were washed with aqueous NH4C1,
water and brine, dried over Na2S0 4. The solvent was distilled off under reduced pressure and the
resultant crude compound was purified by column chromatography on silica-gel using ethyl
acetate in hexane as an eluent to provide compound 14B. MS

(m/z)

496.90 [M+H] +

Synthesis of (S)-tert-butyl l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6(3-hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethylcarbamate
[0872]

(19E):

To a flask of 14B (4000 mg, 8.075 mmol) in dioxane (150 mL) and DMF (75 ml) was

added N-(4-chloro-l-methyl-7-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-lH-indazol-3-
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yl)methanesulfonamide (3114 mg, 8.075 mmol), IN sodium bicarbonate (20.2 ml, 20.2 mmol),
and dichlorobis(tricyclohexylphosphine)palladium(II) (715.3 mg, 0.97 mmol). The reaction
mixture was degased by N2 for 30 minutes and then moved to oil bath at 150 °C for 45 minutes.
The reaction was cooled to room temperature and filtered. The filtrate was concentrated and
dissolved in EtOAc (300 mL) and washed with brine twice. The organic layer was dried over
sodium sulfate, concentrated and purified by column chromatography on silica-gel using 5090% EtOAc in hexane as an eluent to provide 19E. MS (m/z) 6 4

[M+H] +.

Synthesis of (S)-N-(7-(2-(l-amino-2-(3,5-difluorophenyl)ethyl)-6-(3-hvdroxy-3-methylbut-lvnyl)pyridin-3-yl)-4-chloro-l-methyl-lH-indazol-3-yl)methanesulfonamide
[0873]

TFA salt (19FF):

To a flask of 19E (lg, 1.48 mmol), 10 mL of 40% of TFA in dichloromethane was

added to the flask. The mixture was neutralized by NaHC0 3 (aq) and extracted with EtOAc (200
mL twice). The organic layer was concentrated and dried to provide 0.85 g of the desired
product 19FF that was used without further purification. MS (m/z) 574.4 [M+H] + .
Synthesis of (S)-N-( l-(3-(4-chloro-l-methyl-3-(methylsulfonamido)-lH-indazol-7-yl)-6-(3hydroxy-3-methylbut-l-ynyl)pyridin-2-yl)-2-(3,5-difluorophenyl)ethyl)-2-((3bS,4aR)-5,5difluoro-3-(difluoromethyl)-3b,4,4a,5-tetrahydro-lH-cyclopropar3,41cyclopentarL2-clpyrazoll-yl)acetamide (19G):
[0874]

To a flask of 19FF (850 mg, 1.48 mmol) and DIEA (0.5 mL, 2.96 mmol) in 20 mL

DMF, 19AK (350 mg, 1.33 mmol) and HATU (507 mg, 1.33 mmol) in 10 mL of DMF was
added to the mixture slowly at 0 °C. The mixture was diluted with EtOAc (300 mL) and washed
with NaHC0 3 . The organic layer was concentrated and purify by column chromatography on
silica-gel using 50-80% EtOAc in hexane as an eluent to provide 19G. MS (m/z) 820.8 [M+H] + .

Example 202
[0875]

The following illustrate representative pharmaceutical dosage forms, containing a

compound of formula I ('Compound X'), for therapeutic or prophylactic use in humans.
(i) Tablet 1

Compound X=
Lactose
Povidone
Croscarmellose sodium
Microcrystalline cellulose
Magnesium stearate

mg/tablet
100.0
77.5
15.0
12.0
92.5
3.0

300.0
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(ii) Tablet 2
Compound X=
Microcry stalline cellulo se
Starch
Sodium starch glycolate
Magnesium stearate

mg/tablet
20.0
410.0
50.0
15.0
5.0
500.0

(iii) Capsule
Compound X=
Colloidal silicon dioxide
Lactose
Pregelatinized starch
Magnesium stearate

mg/capsule
10.0
1.5

465.5
120.0
3
600.0

(iv) Injection 1 ( 1 mg/ml)
Compound X= (free acid form)
Dibasic sodium phosphate
Monobasic sodium phosphate
Sodium chloride
1.0 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5)
Water for injection

mg/ml

(v) Injection 2 (10 mg/ml)

mg/ml
10.0
0.3

Compound X= (free acid form)
Monobasic sodium phosphate
Dibasic sodium phosphate
Polyethylene glycol 400
1.0 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5)
Water for injection
(vi) Aerosol
Compound X=
Oleic acid
Trichloromonofluoromethane
Dichlorodifluoromethane
Dichlorotetrafluoroethane

[0876]

1.0
12.0

0.7
4.5

q.s.
q.s. ad 1

1.1

200.0
q.s.
q.s. ad 1 mL

mg/can
20.0
10.0
5,000.0
10,000.0
5,000.0

The above formulations may be obtained by conventional procedures well known in

the pharmaceutical art.
[0877]

All references, including publications, patents, and patent documents are incorporated

by reference herein, as though individually incorporated by reference. The invention has been
described with reference to various specific and preferred embodiments and techniques.
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However, it should be understood that many variations and modifications may be made while
remaining within the spirit and scope of the invention.
[0878]

The use of the terms "a" and "an" and "the" and similar references in the context of this

disclosure (especially in the context of the following claims) are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly contradicted by context.
All methods described herein can be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., such as, preferred, preferably) provided herein, is intended merely to
further illustrate the content of the disclosure and does not pose a limitation on the scope of the
claims. No language in the specification should be construed as indicating any non-claimed

element as essential to the practice of the present disclosure.
[0879]

Alternative embodiments of the claimed disclosure are described herein, including the

best mode known to the inventors for practicing the claimed invention. Of these, variations of
the disclosed embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing disclosure. The inventors expect skilled artisans to employ such variations
as appropriate (e.g., altering or combining features or embodiments), and the inventors intend for

the invention to be practiced otherwise than as specifically described herein.
[0880]

Accordingly, this invention includes all modifications and equivalents of the subject

matter recited in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above described elements in all possible variations thereof is encompassed
by the invention unless otherwise indicated herein or otherwise clearly contradicted by context.
[0881]

The use of individual numerical values is stated as approximations as though the values

were preceded by the word "about" or "approximately." Similarly, the numerical values in the
various ranges specified in this application, unless expressly indicated otherwise, are stated as
approximations as though the minimum and maximum values within the stated ranges were both
preceded by the word "about" or "approximately." In this manner, variations above and below
the stated ranges can be used to achieve substantially the same results as values within the
ranges. As used herein, the terms "about" and "approximately" when referring to a numerical
value shall have their plain and ordinary meanings to a person of ordinary skill in the art to
which the disclosed subject matter is most closely related or the art relevant to the range or
element at issue. The amount of broadening from the strict numerical boundary depends upon
many factors. For example, some of the factors which may be considered include the criticality
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of the element and/or the effect a given amount of variation will have on the performance of the
claimed subject matter, as well as other considerations known to those of skill in the art. As used
herein, the use of differing amounts of significant digits for different numerical values is not
meant to limit how the use of the words "about" or "approximately" will serve to broaden a
particular numerical value or range. |Also, the disclosure of ranges is intended as a continuous
range including every value between the minimum and maximum values plus the broadening of
the range afforded by the use of the term "about" or "approximately." Thus, recitation of ranges
of values herein are merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range, unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were individually recited herein. In one
aspect, about a value includes and intends that value per se. For example, about x includes and

intends x per se.
[0882]

It is to be understood that any ranges, ratios and ranges of ratios that can be formed by,

or derived from, any of the data disclosed herein represent further embodiments of the present
disclosure and are included as part of the disclosure as though they were explicitly set forth. This
includes ranges that can be formed that do or do not include a finite upper and/or lower
boundary. Accordingly, a person of ordinary skill in the art most closely related to a particular
range, ratio or range of ratios will appreciate that such values are unambiguously derivable from

the data presented herein.
Embodiments
[0883] Provided below are certain embodiments.
Embodiment I- 1.

A compound of formula I :

I
wherein:

A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
Z2 group, and optionally substituted with one or more (e.g., 1 or 2) Z 3 groups;
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R is 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle of
R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
R is phenyl, 5-membered monocyclic-heteroaryl, 6-membered monocyclic-heteroaryl or
(C 3-C 7)carbocycle, wherein any phenyl, 5-membered monocyclic-heteroaryl, 6-membered

monocyclic-heteroaryl or (C 3-C 7)carbocycle of R is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z5 groups;

each R andR

is independently selected from H, halogen, (C 1-C 3)alkyl and

(Ci-C 3)haloalkyl, or R a is selected from H, (Ci-C 3)alkyl and (Q-C^haloalkyl andR

is selected

from -OH and -CN;
Z 1 is selected from 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle, wherein any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l ;
each Z l is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR l , -OC(0)R pl ,
-OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, -S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl ,
-NR l C0 2Rpl , -NR l CONR l R l , -NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , N0 2,

-C(0)R l , -C(0)OR

l,

-C(0)NR l R l and -S(0) 2NR l CORpl , wherein any (C 3-C7)carbocycle, 6-

12 membered aryl, 5-12 membered heteroaryl and 3-12 membered heterocycle of Z l is

optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups;
each Z l is independently selected from (C 1-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl,

wherein any (C 1-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Z l is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Z l is independently selected from (C 3-C7)carbocycle, phenyl, 5-6 membered

monocyclic-heteroaryl, 3-7 membered heterocycle, halogen, -CN, -OR 2 , -OC(0)R p2 ,
-OC(0)NR 2R 2 , -SR 2 , -S(0)R p2 , -S(0) 2OH, -S(0) 2Rp2 , -S(0) 2NR 2R 2 , -NR 2R 2 , -NR 2CORp2 ,
-NR 2C0 2Rp2 , -NR 2CONR 2R 2 , -NR 2S(0) 2Rp2 , -NR 2 S(0) 2ORp2 , -NR 2S(0 2NR 2R 2 , N0 2,

-C(0)R 2 , -C(0)OR

2,

-C(0)NR 2R 2 , halophenyl, 5-6 membered haloheteroaryl, 3-7 membered

haloheterocycle and (C 1-Cg)heteroalkyl;
each Z l d is independently selected from (C 1-C 8)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl and

(Ci-C 8)haloalkyl;
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each R l is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (C 1-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of R l is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Rpl is independently selected from (CrCg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of Rpl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Rpl is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
R l and R l are each independently selected from H, (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl and phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6
membered monocyclic-heteroaryl and phenyl of R

l

or R l is optionally substituted with one or

more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups, and wherein any (Ci-Cg)alkyl, (C 2-Cg)alkenyl and
(C 2-Cg)alkynyl of R

l

or R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l

groups, or R l and R l together with the nitrogen to which they are attached form a 5, 6 or 7membered heterocycle, wherein the 5, 6 or 7-membered heterocycle is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups;
each R 2 is independently selected from H, (C 1-C 8)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

each Rp2 is independently selected from (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

R 2 and R 2 are each independently selected from H, (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl, phenyl, halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered

392

haloheterocycle, (C 1-Cg)haloalkyl and (C 1-Cg)heteroalkyl, or R and R together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle;

Z is selected from (C 2 -C 8)alkenyl, (C 2 -C 8)alkynyl, 6-12 membered aryl, 5-12 membered
C -linked-heteroaryl, 3-12 membered C -linked-heterocycle, -C(0)R

3

and -C(0)NR

R 3,

wherein any 6-12 membered aryl, 5-12 membered C -linked-heteroaryl and 3-12 membered C -

linked-heterocycle of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups, and wherein any (C 2 -C 8)alkenyl and (C 2 -C 8)alkynyl of Z2 is optionally substituted
with one or more (e.g.,1, 2, 3, 4, or 5) Z2 groups;
each Z2 is independently selected from (C 3 -C 7 )carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR 4 , -OC(0)R
4

-OC(0)NR
-NR

4

4

R 4 , -SR

C 0 2R P4 , -NR 4 CONR

-C(0)R

4

, -C(0)OR

4

P4 ,

, -S(0)R
4

-S(0) 2 OH, -S(0) 2R P4 , -S(0) 2N R 4 R 4 , -NR 4 R 4 , -NR^COR

R 4 , -NR^O)^,

and -C(0)NR

P4 ,

V

-NR

4

S(0) 2 OR P4 , -NR

4

S(0) 2N R 4 R

P4 ,

N 0 2,

4

4, wherein any (C -C )carbocycle, 6-12 membered aryl,
3
7

5-12 membered heteroaryl and 3-12 membered heterocycle of Z2 is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z2 or Z2 groups;
each Z2 is independently selected from (Ci-C4 )alkyl, (C 1-C 4)heteroalkyl and (

-

C 4)haloalkyl;

each Z2 is independently selected from halogen, -CN, -OR 4 , -OC(0)R
4

-OC(0)NR
-NR

4

R 4 , -SR

4

P4 ,

, -S(0)R

-C(0)R

4

, -C(0)OR

-S(0) 2 OH, -S(0) 2R P4 , -S(0) 2N R 4 R 4 , -NR 4 R 4 , -NR 4 COR P4 ,

V 4, -NR 4 S(0)
4 and -C(0)NR
V 4;

C 0 2R P4 , -NR 4 CONR

P4 ,

2R

P4 ,

-NR

4

S(0) 2 OR P4 , -NR

4

S(0) 2N R 4 R

4

, N 0 2,

each R is independently selected from H , (Q-G^alkyl, (C 2 -C 4)alkenyl,
(C 3 -C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3 -C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R

3

is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)

Z2 or Z2 groups, and wherein any (Ci-C4)alkyl, (C 2 -C 4)alkenyl and (C 2 -C 4)alkynyl of R

3

is

optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups;
R

3

and R 3 are each independently selected from H , (CrC 4)alkyl, (C 2 -C 4)alkenyl,

(C 3 -C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3 -C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R

3

or R 3 is optionally substituted with one or more (e.g., 1, 2, 3, 4

or 5) Z2 or Z2 groups, and wherein any (CrC 4)alkyl and (C 2 -C 4)alkenyl of R

3

or R 3 is

393

optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z groups, or R and R together
with the nitrogen to which they are attached form a heterocycle or heteroaryl, wherein the
heterocycle or heteroaryl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups;
each R 4 is independently selected from H, (C 1-C 4)alkyl, (C 2-C )alkenyl, (C 2-C )alkynyl,

(Ci-C 4)haloalkyl and (Ci-C 4)heteroalkyl;
each Rp4 is independently selected from (C 1-C 8)alkyl, (C 2-C 4)alkenyl, (C 2-C4)alkynyl,

(Ci-C 4)haloalkyl and (C 1-C 4)heteroalkyl;
R 4 and R 4 are each independently selected from H, (Ci-C 4)alkyl, (C 2-C4)alkenyl, (C 2C4)alkynyl, (Ci-C 4)haloalkyl and (C 1-C4)heteroalkyl;
each Z is independently selected from halogen, (C 1-C4)alkyl, -OH, -CN, (Cr

C4)heteroalkyl and (C 1-C4)haloalkyl;
each Z4 is independently selected from (Q-C^alkyl, (C 2-C )alkenyl, (C 2-C )alkynyl,
(C 3-C )carbocycle, halogen, -CN, -OR 5 , -OC(0)R p5 , -OC(0)NR 5R 5 , -SR 5 , -S(0)R p5 ,

-S(0) 2OH, -S(0) 2Rp5 , -S(0) 2NR 5 R 5 , -NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -NR 5CONR 5R 5 ,
-NR 5 S(0) 2Rp5 , -NR 5 S(0) 2ORp5 , -NR 5 S(0) 2NR 5R 5 , N0 2, -C(0)R 5 , -C(0)OR

5

and

-C(0)NR 5R 5 , wherein any (C 3-C 7)carbocycle, of Z4 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z4 or Z4 groups, and wherein any (Q-C^alkyl, (C 2-C )alkenyl and (C 2-

C )alkynyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
each Z4a is independently selected from halogen, -CN, -OR 6 , -OC(0)R p6 ,

-OC(0)NR 6R 6 , -SR 6 , -S(0)R p6 , -S(0) 2OH, -S(0) 2Rp6 , -S O NR R 6 , -NR 6R 6 , -NR 6CORp6 ,
-NR 6C0 2Rp6 , -NR 6CONR 6R 6 , -NR 6S(0) 2Rp6 , -NR 6 S(0) 2ORp6 , -NR 6S(0) 2NR 6R 6 , N0 2,

-C(0)R 6 , -C(0)OR

6

and -C(0)NR 6R 6 ;

each Z4 is independently selected from (C 1-C4)alkyl, (C 2-C4)alkenyl (C 2-C4)alkynyl and

(Ci-C 4)haloalkyl;
each R 5 is independently selected from H, (Q-G^alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp5 is independently selected from (C 1-C 4)alkyl, (C 1-C 4)haloalkyl, (Cr

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 5 and R 5 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (
C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;

-
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each R is independently selected from H, (C 1-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp6 is independently selected from (Ci-C4)alkyl, (C 1-C 4)haloalkyl, (Cr

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 6 and R 6 are each independently selected from H, (Ci-C4)alkyl, (C 1-C4)haloalkyl, ( C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Z5 is independently selected from (Ci-C 6)alkyl, halogen, -CN and -OR 7 ,

wherein any (C 1-C 6)alkyl of Z5 is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) halogen; and
each R is independently selected from H, (Q-C^alkyl, (Q-C^haloalkyl and
(C3-C7

)carbocycle;

or a pharmaceutically acceptable salt thereof.

Embodiment 1-2.

The compound of Embodiment I-l which is a compound of formula la:

la
or a pharmaceutically acceptable salt thereof.

Embodiment 1-3.

The compound of Embodiment I-l or Embodiment I-1-2 wherein R and

R are each H .
Embodiment 1-4.

The compound of any one of Embodiments I-l to 1-3 wherein R is phenyl

or a 5-membered monocyclic -heteroaryl, wherein any phenyl or 5-membered monocyclic-

heteroaryl of R2 is optionally substituted with one or more Z5 groups.
Embodiment 1-5.

The compound of any one of Embodiments I-l to 1-3 wherein R is phenyl

optionally substituted with one or more Z5 groups.
Embodiment 1-6.
halogen.

The compound of any one of Embodiments I-l to 1-5 wherein each Z 5 is
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The compound of any one of Embodiments I-l to 1-5 wherein each Z 5 is

The compound of Embodiment I-l or Embodiment 1-2 wherein R is 3,5-

The compoun

is a compound of formula Ig:

g

or a pharmaceutically acceptable salt thereof.
Embodiment 1-10.

The compound

which is a compound of formula Ie:

Ie
or a pharmaceutically acceptable salt thereof.
Embodiment I-l 1.

The compound of any one of Embodiments I-l to I- 10 wherein A is

pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein any pyridinyl, pyrimidinyl, pyrazinyl
or pyridazinyl of A is substituted with one Z 1 group at the position shown, one Z 2 group, and
optionally substituted with one or more Z groups.
Embodiment 1-12.

The compound of any one of Embodiments I-l to I- 10 wherein A is

pyridinyl, wherein any pyridinyl of A is substituted with one Z 1 group at the position shown, one
Z 2 group, and optionally substituted with one or more Z 3 groups.
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Embodiment 1-13.

The compound of any one of Embodiments I-l to 1-12 wherein A is
1

substituted with one Z group at the position shown and one Z 2 group.
Embodiment 1-14.

The compound of any one of Embodiments I-l to I- 10 wherein A-Z 1 is

selected from:

wherein each Z

is independently selected from H and Z .

Embodiment 1-15.

The compound of any one of Embodiments I-l to I- 10 wherein A-Z 1 is

selected from:

wherein each Z

is independently selected from H and Z 3 .

Embodiment 1-16.

wherein each Z

The compound of any one of Embodiments I-l to I- 10 wherein A-Z 1 is:

is independently selected from H and Z 3 .

Embodiment 1-17.

The compound of any one of Embodiments I-l to I- 10 wherein A-Z 1 is:
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wherein Z is selected from H and Z
Embodiment 1-18.

The compound of any one of Embodiments 1-1 to I- 10 wherein A-Z is:

wherein Z is selected from H and Z .
Embodiment 1-19.

The compound of any one of Embodiments 1-14 to 1-18 wherein each Z

is H .
Embodiment 1-20.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from phenyl, 5-14 membered heteroaryl and 3-14 membered heterocycle, wherein any
phenyl, 5-14 membered heteroaryl and 3-14 membered heterocycle of Z 1 is optionally
substituted with one or more Z l or Z l groups.
Embodiment 1-21.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle wherein any
phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10
membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with one or more Z l or Z l groups.
Embodiment 1-22.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle, wherein the 5-6
membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-
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heterocycle and 9-12 membered tricyclic -heterocycle have 1-11 carbon atoms and 1-5
heteroatoms in the ring system, and wherein any phenyl, 5-6 membered monocyclic-heteroaryl,
8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered
tricyclic-heterocycle of Z 1 is optionally substituted with one or more Z l or Z l groups.
Embodiment 1-23.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclicheterocycle,wherein any from 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclicheterocycle of Z 1 is optionally substituted with one or more Z l or Z l groups.
Embodiment 1-24.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle,
wherein the 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle have
3-9 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any 8-10 membered

bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle of Z 1 is optionally substituted with
one or more Z l or Z l groups.
Embodiment 1-25.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl,

1-oxoisoindolinyl, 4-oxo-3,4-

dihydroquinazolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,
dioxo-l,2,3,4-tetrahydorquinazolinyl,

lH-2-oxo-pyridinyl and 2,4-

wherein any phenyl, lH-pyrrolo[2,3-b]pyridinyl,

1-

oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl, 3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,
lH-2-oxo-pyridinyl and 2,4-dioxo-l,2,3,4-tetrahydorquinazolinyl

of Z 1 is optionally substituted

with one or more Z l or Z l groups.
Embodiment 1-26.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z 1 is

selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl,

l-oxoisoindolin-5-yl, l-oxoisoindolin-4-yl,

4-oxo-3,4-dihydroquinazolin-8-yl, 3'-oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,

pyridin-4-yl and 2,4-dioxo-l,2,3,4-tetrahydorquinazolin-8-yl,

lH-2-oxo-

wherein any phenyl, 1H-

pyrrolo[2,3-b]pyridin-5-yl, l-oxoisoindolin-5-yl, l-oxoisoindolin-4-yl, 4-oxo-3,4dihydroquinazolin-8-yl, 3'-oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,
and 2,4-dioxo-l,2,3,4-tetrahydorquinazolin-8-yl
Zla

or Z

groups.

lH-2-oxo-pyridin-4-yl

of Z 1 is optionally substituted with one or more

399

Embodiment 1-27.

The compound of any one of Embodiments 1-1 to 1-26 wherein each Z is

independently selected from halogen, -OR l , NR l R l , and -C(0)NR
Embodiment 1-28.

The compound of any one of Embodiments 1-1 to 1-26 wherein each Z l is

independently selected from halogen and -C(0)NR
Embodiment 1-29.

lR l .

lR l .

The compound of any one of Embodiments 1-1 to 1-26 wherein R l , R

l

and R l are each H .
Embodiment 1-30.

The compound of any one of Embodiments 1-1 to 1-19 wherein Z is

selected from:

Embodiment 1-31.

The compound of any one of Embodiments 1-1 to 1-30 wherein Z is

selected from (C 2 -C 8)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl, 3-12
membered C-linked-heterocycle and -C(0)NR

R , wherein any 6-12 membered aryl, 5-12

membered C-linked-heteroaryl and 3-12 membered C-linked-heterocycle of Z is optionally
substituted with one or more Z 2 or Z 2 groups, and wherein any (C 2-Cg)alkynyl of Z 2 is
optionally substituted with one or more Z 2 groups.
Embodiment 1-32.

The compound of any one of Embodiments 1-1 to 1-30 wherein Z is

selected from (C 2-Cg)alkynyl, phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,

8-10

membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heterocycle and
-C(0)NR

R , wherein any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,

8-10

membered C-linked-bicyclic-heteroaryl and 8-10 membered C-linked-bicyclic-heterocycle of Z
is optionally substituted with one or more Z 2 or Z 2 groups, and wherein any (C 2 -C 8)alkynyl of
Z 2 is optionally substituted with one or more Z 2 groups.
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Embodiment 1-33.

The compound of any one of Embodiments 1-1 to 1-30 wherein Z is

selected from (C 2 -C8 )alkynyl, phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,

8-10

membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heterocycle and
-C(0)NR

R , wherein the 5-6 membered C-linked-monocyclic-heteroaryl,

8-10 membered C-

linked-bicyclic-heteroaryl and 8-10 membered C-linked-bicyclic-heterocycle have 1-9 carbon
atoms and 1-4 heteroatoms in the ring system, and wherein any phenyl, 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl, 8-10 membered and Clinked-bicyclic-heterocycle of Z 2 is optionally substituted with one or more Z 2 or Z 2 groups,
and wherein any (C 2-Cg)alkynyl of Z 2 is optionally substituted with one or more Z 2 groups.
Embodiment 1-34.

The compound of any one of Embodiments 1-1 to 1-30 wherein Z is

selected from 4-methylpentynyl, phenyl, pyridinyl, lH-2-oxo-pyridinyl, triazolyl, 1oxoisoindolinyl, lH-pyrrolo[2,3-b]pyridinyl

and -C(0)NR

R , wherein any phenyl, pyridinyl,

2-oxopyridinyl, triazolyl, 1-oxoisoindolinyl and lH-pyrrolo[2,3-b]pyridinyl

of Z is optionally

substituted with one or more Z 2 or Z 2 groups, and wherein any 4-methylpentynyl of Z 2 is
optionally substituted with one or more Z 2 groups.
Embodiment 1-35.

The compound of any one of Embodiments 1-1 to 1-30 wherein Z is

selected from 4-methylpentyn-l-yl, phenyl, pyridin-4-yl, lH-2-oxo-pyridin-2-yl, triazol-4-yl, 1oxoisoindolin-6-yl, lH-pyrrolo[2,3-b]pyridine-5-yl

and -C(0)NR

R 3 , wherein any phenyl,

pyridin-4-yl, 2-hydroxypyridin-2-yl, triazol-4-yl, l-oxoisoindolin-6-yl and lH-pyrrolo[2,3b]pyridine-5-yl of Z 2 is optionally substituted with one or more Z 2 or Z 2 groups, and wherein
any 4-methylpentyn-l-yl of Z 2 is optionally substituted with one or more Z 2 groups.
Embodiment 1-36.

The compound of any one of Embodiments 1-1 to 1-35 wherein Z is

optionally substituted with one or more Z 2 groups.
Embodiment 1-37.

The compound of any one of Embodiments 1-1 to 1-36 wherein R

3

and

R 3 are each H .
Embodiment 1-38.

The compound of any one of Embodiments 1-1 to 1-37 wherein each Z2 is

independently selected from halogen, -OR
Embodiment 1-39.
methyl, and R

4

4

and -C(0)NR

4R 4 .

The compound of any one of Embodiments 1-1 to 1-38 wherein R 4 is H or

and R 4 are each H .
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Embodiment 1-40.
selected from:

The compound of any one of Embodiments I-l to 1-30 wherein Z is
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Embodiment 1-42.

The compound of any one of Embodiments I-l to 1-41 wherein R 1 is a 5-

12 membered heteroaryl, wherein any 5-12 membered heteroaryl of R 1 is optionally substituted

with one or more Z 4 groups.
Embodiment 1-43.

The compound of any one of Embodiments I-l to 1-41 wherein R 1 is a 8-

12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein any 8-12
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membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R is optionally
substituted with one or more Z4 groups.
Embodiment 1-44.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 is a 8-

12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein the 8-12

membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl have 4-10 carbon atoms
and 1-5 heteroatoms in the ring system, and wherein any 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl of R 1 is optionally substituted with one or more Z4 groups.
Embodiment 1-45.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 is a 8-

12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein the 8-12

membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl contains at least one
partially unsaturated ring, and wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or
5) Z4 groups.

Embodiment 1-46.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 has the

following formula lib:

lib
wherein:
C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered
monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with one or
more (e.g. 1, 2, 3, 4 or 5) Z 4 groups; and
B is a 5 or 6 membered monocyclic-heteroaryl having 1, 2 or 3 nitrogen atoms;
V is C or N ;
W is CZ 4 , NZ 4 or N ;
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X is CZ , NZ

or N ;

Y is CZ4 , N or absent;
the dashed bonds are selected from single bonds and double bonds, wherein the dashed
bonds, V, W , X and Y are selected so that the 5 or 6 membered monocyclic -heteroaryl B is
aromatic; and
each Z4 is independently selected from H or Z4 .
Embodiment 1-47.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 has the

following formula lid:

lid

wherein:
C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-9 membered bicyclic heterocycle, wherein any 3-7 membered monocycliccarbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle or 5-9
membered bicyclic heterocycle of C is optionally substituted with one or more (e.g. 1, 2, 3, 4 or
5) Z4 groups; and

each Z4 is independently selected from H or Z4 .
Embodiment 1-48.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 is

selected from 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazolyl

and 4,5,6,7-

tetrahydro-indazolyl, wherein any 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2c]pyrazolyl and 4,5,6,7-tetrahydro-indazolyl

of R 1 is optionally substituted with one or more Z4

groups.
Embodiment 1-49.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 is

selected from 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl
4,5,6,7-tetrahydro-indazol-l-yl,

wherein any 3b,4,4a,5-tetrahydro-lH-

and
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cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl

and 4,5,6,7-tetrahydro-indazol-l-yl

of R 1 is

optionally substituted with one or more Z 4 groups.
Embodiment 1-50.

The compound of any one of Embodiments 1-1 to 1-49 wherein each Z4

independently selected from (C 1-C 6 )alkyl and halogen, wherein any (C 1-C 6 )alkyl of Z 4 is
optionally substituted with one or more halogen.
Embodiment 1-51.

The compound of any one of Embodiments 1-1 to 1-49 wherein each Z 4

independently selected from fluoro, trifluoromethyl and difluoromethyl.
Embodiment 1-52.

The compound of any one of Embodiments 1-1 to 1-41 wherein R 1 is

selected from:

Embodiment 1-53.

The compound of any one of Embodiments 1-1 to 1-41 wherein R is

selected from:

Embodiment 1-54.

The compound of Embodiment 1-1 selected from:
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Embodiment 1-55.

A pharmaceutical composition comprising a compound of formula I as

described in any one of Embodiments 1-1 to 1-54, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier.
Embodiment 1-56.

A method for treating a Retroviridae virus infection in a mammal

comprising administering a therapeutically effective amount of a compound of any one of
Embodiments 1-1 to 1-54, or a pharmaceutically acceptable salt thereof, to the mammal.
Embodiment 1-57.

The method of claim 56 wherein the Retroviridae virus infection is an

HIV virus infection.
Embodiment 1-58.

A method for treating an HIV infection in a mammal comprising

administering to the mammal in need thereof a therapeutically effective amount of a compound
of formula I as described in any one of Embodiments 1-1 to 1-54, or a pharmaceutically
acceptable salt thereof, in combination with a therapeutically effective amount of one or more
additional therapeutic agents selected from the group consisting of HIV protease inhibiting
compounds, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside inhibitors of
reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HIV integrase
inhibitors, gp41 inhibitors, CXCR4 inhibitors, gpl20 inhibitors, CCR5 inhibitors, capsid
polymerization inhibitors, and other drugs for treating HIV, and combinations thereof.
Embodiment 1-59.

A compound of formula I as described in any of Embodiments 1-1 to 1-54,

or a pharmaceutically acceptable salt thereof for use in medical therapy.
Embodiment 1-60.

A compound of formula I as described in any one of Embodiments 1-1 to

1-54 or a pharmaceutically acceptable salt thereof, for the prophylactic or therapeutic treatment

of a Retroviridae virus infection or an HIV virus infection.
Embodiment 1-61.

The use of a compound as described in any one of Embodiments 1-1 to I-

54 or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for
treating a Retroviridae virus infection or an HIV virus infection in a mammal.
Embodiment 1-62.

[0884]

A compound or method as described herein.

Also provided below are certain embodiments.

Embodiment II- 1.

A compound of formula I :
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I
wherein:

A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
Z2 group, and optionally substituted with one or more (e.g., 1 or 2) Z 3 groups;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle of
R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
R is phenyl, 5-membered monocyclic-heteroaryl, 6-membered monocyclic-heteroaryl or
(C 3-C 7)carbocycle, wherein any phenyl, 5-membered monocyclic-heteroaryl, 6-membered

monocyclic-heteroaryl or (C 3-C 7)carbocycle of R is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z 5 groups;

each R andR

is independently selected from H, halogen, (Ci-C 3)alkyl and

(Ci-C 3)haloalkyl, or R a is selected from H, (

-Cs kyl and (CrCs^aloalkyl andR

is selected

from -OH and -CN;
Z 1 is selected from 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle, wherein any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l ;
each Z l is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR l , -OC(0)R pl ,
-OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, -S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl ,
-NR l C0 2Rpl , -NR l CONR l R l , -NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , N0 2,

-C(0)R l , -C(0)OR l , -C(0)NR l R l and -S(0) 2NR l CORpl , wherein any (C 3-C 7)carbocycle, 612 membered aryl, 5-12 membered heteroaryl and 3-12 membered heterocycle of Z l is

optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z ld groups;
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each Z is independently selected from (C 1-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl,
(C 2-C 8)alkenyl and (C 2-C 8)alkynyl of Z l is optionally substituted

wherein any

with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Z l is independently selected from (C 3-C 7)carbocycle, phenyl, 5-6 membered

monocyclic-heteroaryl, 3-7 membered heterocycle, halogen, -CN, -OR 2 , -OC(0)R p2 ,
-OC(0)NR 2R 2 , -SR 2 , -S(0)R p2 , -S(0) 2OH, -S(0) 2Rp2 , -S(0) 2NR 2R 2 , -NR 2R 2 , -NR 2COR p2 ,
-NR 2C0 2Rp2 , -NR 2CONR 2R 2 , -NR 2S(0) 2Rp2 , -NR 2 S(0) 2ORp2 , -NR 2S(0 2NR 2R 2 , N0 2,

-C(0)R 2 , -C(0)OR

2,

-C(0)NR 2R 2 , halophenyl, 5-6 membered haloheteroaryl, 3-7 membered

haloheterocycle and (C 1-Cg)heteroalkyl;
each Z l d is independently selected from (Ci-C )alkyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl and

each R l is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3 -C 7 )carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of R l is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Rpl is independently selected from (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3 -C 7 )carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of Rpl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (Ci-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Rpl is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
R l and R l are each independently selected from H, (CrCg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl and phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6
membered monocyclic-heteroaryl and phenyl of R

l

or R l is optionally substituted with one or

more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and
(C 2-Cg)alkynyl of R

l

or R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l

groups, or R l and R l together with the nitrogen to which they are attached form a 5, 6 or 7-

membered heterocycle, wherein the 5, 6 or 7-membered heterocycle is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups;
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each R is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

each Rp2 is independently selected from (C 1-C 8)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

R 2 and R 2 are each independently selected from H, (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl, phenyl, halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered
haloheterocycle, (C 1-Cg)haloalkyl and (C 1-Cg)heteroalkyl, or R 2 and R 2 together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle;
Z is selected from (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3

and -C(0)NR R 3 ,

wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl and 3-12 membered Clinked-heterocycle of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups, and wherein any (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Z2 is optionally substituted
with one or more (e.g.,1, 2, 3, 4, or 5) Z2 groups;
each Z2 is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR 4 , -OC(0)R p4 ,
-OC(0)NR 4 R 4 , -SR 4 , -S(0)R p4 , -S(0) 2OH, -S(0) 2Rp4 , -S(0) 2NR 4 R 4 , -NR 4R 4 , -NR 4 COR p4 ,
-NR 4 C0 2Rp4 , -NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4 R 4,N0 2,
-C(0)R 4 , -C(0)OR 4 and -C(0)NR V 4, wherein any (C -C )carbocycle, 6-12 membered aryl,
3

7

5-12 membered heteroaryl and 3-12 membered heterocycle of Z2 is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z2 or Z2 groups;
each Z2 is independently selected from (Ci-C4)alkyl, (C 1-C4)heteroalkyl and (

-

C4)haloalkyl;
each Z2 is independently selected from halogen, -CN, -OR 4 , -OC(0)R p4 ,

-OC(0)NR 4 R 4 , -SR 4 , -S(0)R p4 , -S(0) 2OH, -S(0) 2Rp4 , -S(0) 2NR 4 R 4 , -NR 4R 4 , -NR 4 COR p4 ,
-NR 4 C0 2Rp4 , -NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4 R 4,N0 2,
-C(0)R 4 , -C(0)OR 4 and -C(0)NR V 4;
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each R is independently selected from H, (C 1-C4)alkyl, (C 2-C4)alkenyl,
(C 3-C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3-C7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
Z2 or Z2 groups, and wherein any (C 1-C 4)alkyl, (C 2-C 4)alkenyl and (C 2-C 4)alkynyl of R is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups;
R and R are each independently selected from H, (CrC 4)alkyl, (C 2-C4)alkenyl,
(C 3-C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3-C7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R 3 or R 3 is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z2 or Z2 groups, and wherein any (CrC 4)alkyl and (C 2-C 4)alkenyl of R 3 or R 3 is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups, or R 3 and R 3 together
with the nitrogen to which they are attached form a heterocycle or heteroaryl, wherein the
heterocycle or heteroaryl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups;
each R 4 is independently selected from H, (CrC 4)alkyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl,
(Ci-C 4)haloalkyl and (C 1-C 4)heteroalkyl;
each Rp4 is independently selected from (C 1-Cg)alkyl, (C 2-C 4)alkenyl, (C 2-C4)alkynyl,
(Ci-C 4)haloalkyl and (Ci-C 4)heteroalkyl;
R 4 and R 4 are each independently selected from H, (CrC 4)alkyl, (C 2-C4)alkenyl, (C 2C4)alkynyl, (Ci-C 4)haloalkyl and (C 1-C4)heteroalkyl;
each Z is independently selected from halogen, (Q-G^alkyl, -OH, -CN, (C C4)heteroalkyl and (C 1-C4)haloalkyl;
each Z4 is independently selected from (

-C

kyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl,

(C 3-C 7)carbocycle, halogen, -CN, -OR 5 , -OC(0)R p5 , -OC(0)NR

5R 5 ,

-SR 5 , -S(0)R p5 ,

-S(0) 2OH, -S(0) 2Rp5 , -S(0) 2NR 5 R 5 , -NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -NR 5CONR 5R 5 ,
-NR 5 S(0) 2Rp5 , -NR 5 S(0) 2ORp5 , -NR 5 S(0) 2NR 5R 5 , N0 2, -C(0)R 5 , -C(0)OR

5

and

-C(0)NR 5R 5 , wherein any (C3-C7 )carbocycle, of Z4 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z4 or Z4 groups, and wherein any

(C 2-Cg)alkenyl and (C 2-

Cg)alkynyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
each Z4a is independently selected from halogen, -CN, -OR 6 , -OC(0)R p6 ,

-OC(0)NR 6R 6 , -SR 6 , -S(0)R p6 , -S(0) 2OH, -S(0) 2Rp6 , -S C NR R 6 , -NR 6R 6 , -NR 6CORp6 ,
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-NR 6C0 2Rp6 , -NR 6CONR 6R 6 , -NR 6S(0) 2Rp6 , -NR 6 S(0) 2ORp6 , -NR 6S(0) 2NR 6R 6 , N0 2,

-C(0)R 6 , -C(0)OR

6

and -C(0)NR 6R 6 ;

each Z4 is independently selected from (Ci-C4)alkyl,

(C2

-C4)alkenyl (C 2-C4)alkynyl and

(Ci-C 4)haloalkyl;
each R 5 is independently selected from H, (Q-G^alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp5 is independently selected from (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (Cr

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 5 and R 5 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each R 6 is independently selected from H, (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp6 is independently selected from (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 6 and R 6 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (
C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Z5 is independently selected from (C 1-C 6)alkyl, halogen, -CN and -OR 7 ,

wherein any (C 1-C 6)alkyl of Z5 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
halogen; and
each R is independently selected from H, (Q-C^alkyl, (Q-C^haloalkyl and
(C3-C7

)carbocycle;

or a pharmaceutically acceptable salt thereof.

Embodiment II-2.

The compound of Embodiment II- 1 which is a compound of formula la:

la
or a pharmaceutically acceptable salt thereof.

-
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Embodiment II-3.
R

The compound of Embodiment II- 1 or Embodiment II-2 wherein R

and

are each H .

Embodiment II-4.

The compound of any one of Embodiments II- 1-3 wherein R is phenyl or

a 5-membered monocyclic-heteroaryl, wherein any phenyl or 5-membered monocyclicheteroaryl of R 2 is optionally substituted with one or more Z 5 groups.
Embodiment II-5.

The compound of any one of Embodiments II- 1 to II-3 wherein R is

phenyl optionally substituted with one or more Z 5 groups.
Embodiment II-6.

The compound of any one of Embodiments II- 1 to II-5 wherein each Z 5 is

halogen.
Embodiment II-7.

The compound of any one of Embodiments II- 1 to II-5 wherein each Z 5 is

fluoro.
Embodiment II- 8 .

The compound of Embodiment II- 1 or Embodiment II-2 wherein R is

3,5-difluorophenyl.
Embodiment II-9.

The compou

is a compound of formula Ig:

g

or a pharmaceutically acceptable salt thereof.
Embodiment 11-10.

The compound of Embodiment II- 1 which is a compound of formula Ie:
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Ie
or a pharmaceutically acceptable salt thereof.
Embodiment II- 11.

The compound of any one of Embodiments II- 1 to 11-10 wherein A is

pyridinyl, pyrimidinyl, pyrazinyl or pyridazinyl, wherein any pyridinyl, pyrimidinyl, pyrazinyl
or pyridazinyl of A is substituted with one Z 1 group at the position shown, one Z 2 group, and
optionally substituted with one or more Z groups.
Embodiment 11-12.

The compound of any one of Embodiments II- 1 to 11-10 wherein A is

pyridinyl, wherein any pyridinyl of A is substituted with one Z 1 group at the position shown, one
Z 2 group, and optionally substituted with one or more Z 3 groups.
Embodiment 11-13.

The compound of any one of Embodiments II- 1 to 11-12 wherein A is

substituted with one Z 1 group at the position shown and one Z 2 group.
Embodiment 11-14.

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z 1 is

selected from:

wherein each Z

is independently selected from H and Z .

Embodiment 11-15.
selected from:

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z 1 is
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wherein each Z

is independently selected from H and Z .

Embodiment 11-16.

wherein each Z

is independently selected from H and Z 3 .

Embodiment 11-17.

wherein Z

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z 1 is:

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z is:

is selected from H and Z .

Embodiment 11-18.

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z is:

wherein Z is selected from H and Z 3 .
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Embodiment II- 19.
Z

a

The compound of any one of Embodiments 11-14 to 11-18 wherein each

is H .

Embodiment 11-20.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z is

selected from phenyl, 5-14 membered heteroaryl and 3-14 membered heterocycle, wherein any
phenyl, 5-14 membered heteroaryl and 3-14 membered heterocycle of Z 1 is optionally
substituted with one or more Z l or Z l groups.
Embodiment 11-21.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is

selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl,

8-10 membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle wherein any
phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10

membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle of Z 1 is optionally
substituted with one or more Z l or Z l groups.
Embodiment 11-22.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is

selected from phenyl, 5-6 membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl,

8-10 membered bicyclic-heterocycle and 9-12 membered tricyclic-heterocycle, wherein the 5-6
membered monocyclic-heteroaryl,

8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-

heterocycle and 9-12 membered tricyclic-heterocycle have 1-11 carbon atoms and 1-5
heteroatoms in the ring system, and wherein any phenyl, 5-6 membered monocyclic-heteroaryl,
8-10 membered bicyclic-heteroaryl, 8-10 membered bicyclic-heterocycle and 9-12 membered
tricyclic-heterocycle of Z 1 is optionally substituted with one or more Z l or Z l groups.
Embodiment 11-23.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is

selected from 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle
,wherein any from 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle
of Z 1 is optionally substituted with one or more Z l or Z l groups.
Embodiment 11-24.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is

selected from 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle,
wherein the 8-10 membered bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle have
3-9 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any 8-10 membered
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bicyclic-heteroaryl and 8-10 membered bicyclic-heterocycle

of Z is optionally substituted with

one or more Z l or Z l groups.
The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is

Embodiment 11-25.

selected from phenyl, lH-pyrrolo[2,3-b]pyridinyl,
dihydroquinazolinyl,

3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,

dioxo-l,2,3,4-tetrahydorquinazolinyl,

lH-2-oxo-pyridinyl

wherein any phenyl, lH-pyrrolo[2,3-b]pyridinyl,

oxoisoindolinyl, 4-oxo-3,4-dihydroquinazolinyl,
lH-2-oxo-pyridinyl

1-oxoisoindolinyl, 4-oxo-3,4and 2,41-

3-oxospiro[cyclopropane-l,l'-isoindolin]-yl,

and 2,4-dioxo-l,2,3,4-tetrahydorquinazolinyl

of Z 1 is optionally substituted

with one or more Z l or Z l groups.
Embodiment 11-26.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is

selected from phenyl, lH-pyrrolo[2,3-b]pyridin-5-yl,
4-oxo-3,4-dihydroquinazolin-8-yl,

l-oxoisoindolin-5-yl,

3'-oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,

pyridin-4-yl and 2,4-dioxo-l,2,3,4-tetrahydorquinazolin-8-yl,
pyrrolo[2,3-b]pyridin-5-yl,
dihydroquinazolin-8-yl,

l-oxoisoindolin-5-yl,

or Z

lH-2-oxo-

wherein any phenyl, 1H-

l-oxoisoindolin-4-yl,

3'-oxospiro[cyclopropane-l,l'-isoindolin]-5'-yl,

and 2,4-dioxo-l,2,3,4-tetrahydorquinazolin-8-yl
Zla

l-oxoisoindolin-4-yl,

4-oxo-3,4lH-2-oxo-pyridin-4-yl

of Z 1 is optionally substituted with one or more

groups.

Embodiment 11-27.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z 1 is 1H-

indazol-7-yl, wherein Z 1 is optionally substituted with one or more Z l or Z l groups.
Embodiment 11-28.

The compound of any one of Embodiments II- 1 to 11-27 wherein each Z l

is independently selected from halogen, -OR l , NR l R l , and -C(0)NR
Embodiment 11-29.

The compound of any one of Embodiments II- 1 to 11-27 wherein each Z l

is independently selected from halogen and -NR
Embodiment 11-30.

lR l .

l S(0)

2R

pl .

The compound of any one of Embodiments II- 1 to 11-27 wherein each Z l

is independently selected from (C 1-Cg)alkyl.
Embodiment 11-31.

The compound of any one of Embodiments II- 1 to 11-27 wherein each Z l

is independently selected from halogen and -NR
from (Ci-C 8)alkyl.

l S(0)

2R

pl

and each Z l is independently selected
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Embodiment 11-32.

The compound of any one of Embodiments II- 1 to 11-27 wherein each Z

is independently selected from halogen and -C(0)NR
Embodiment 11-33.

lR l .

The compound of any one of Embodiments II- 1 to 11-27 wherein R l , R

l

l

and R are each H .
Embodiment 11-34.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z is

selected from:

t 11-35.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z is

Embodiment 11-36.

The compound of any one of Embodiments II- 1 to 11-19 wherein Z is

selected from

Embodiment 11-37.
selected from

(C2

The compound of any one of Embodiments II- 1 to 11-36 wherein Z is

-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linked-heteroaryl,

membered C-linked-heterocycle
membered C-linked-heteroaryl

and -C(0)NR

3-12

R , wherein any 6-12 membered aryl, 5-12

and 3-12 membered C-linked-heterocycle

of Z is optionally
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substituted with one or more Z 2 or Z 2 groups, and wherein any (C 2-Cg)alkynyl of Z 2 is
optionally substituted with one or more Z 2 groups.
Embodiment 11-38.

The compound of any one of Embodiments II- 1 to 11-36 wherein Z is

selected from (C 2-Cg)alkynyl, phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,

8-10

membered C-linked-bicyclic-heteroaryl,

and

-C(0)NR

8-10 membered C-linked-bicyclic-heterocycle

R , wherein any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,

membered C-linked-bicyclic-heteroaryl

8-10

and 8-10 membered C-linked-bicyclic-heterocycle

of Z

is optionally substituted with one or more Z 2 or Z 2 groups, and wherein any (C 2-Cg)alkynyl of
Z 2 is optionally substituted with one or more Z 2 groups.
Embodiment 11-39.

The compound of any one of Embodiments II- 1 to 11-36 wherein Z is

selected from (C 2 -C8 )alkynyl, phenyl, 5-6 membered C-linked-monocyclic-heteroaryl,

8-10

membered C-linked-bicyclic-heteroaryl,

and

-C(0)NR

8-10 membered C-linked-bicyclic-heterocycle

R , wherein the 5-6 membered C-linked-monocyclic-heteroaryl,

linked-bicyclic-heteroaryl

and 8-10 membered C-linked-bicyclic-heterocycle

8-10 membered Chave 1-9 carbon

atoms and 1-4 heteroatoms in the ring system, and wherein any phenyl, 5-6 membered C-linkedmonocyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heteroaryl,
linked-bicyclic-heterocycle

8-10 membered and C-

of Z 2 is optionally substituted with one or more Z 2 or Z 2 groups,

and wherein any (C 2-Cg)alkynyl of Z 2 is optionally substituted with one or more Z 2 groups.
Embodiment 11-40.

The compound of any one of Embodiments II- 1 to 11-36 wherein Z is

selected from 4-methylpentynyl, phenyl, pyridinyl, lH-2-oxo-pyridinyl, triazolyl, 1oxoisoindolinyl, lH-pyrrolo[2,3-b]pyridinyl

and -C(0)NR

R 3 , wherein any phenyl, pyridinyl,

2-oxopyridinyl, triazolyl, 1-oxoisoindolinyl and lH-pyrrolo[2,3-b]pyridinyl

of Z is optionally

substituted with one or more Z 2 or Z 2 groups, and wherein any 4-methylpentynyl of Z 2 is
optionally substituted with one or more Z 2 groups.
Embodiment 11-41.

The compound of any one of Embodiments II- 1 to 11-36 wherein Z is

selected from 4-methylpentyn-l-yl,

phenyl, pyridin-4-yl, lH-2-oxo-pyridin-2-yl,

oxoisoindolin-6-yl, lH-pyrrolo[2,3-b]pyridine-5-yl

and -C(0)NR

triazol-4-yl, 1-

R 3 , wherein any phenyl,

pyridin-4-yl, 2-hydroxypyridin-2-yl, triazol-4-yl, l-oxoisoindolin-6-yl

and lH-pyrrolo[2,3-

b]pyridine-5-yl of Z 2 is optionally substituted with one or more Z 2 or Z 2 groups, and wherein
any 4-methylpentyn-l-yl

of Z 2 is optionally substituted with one or more Z 2 groups.

421

Embodiment 11-42.

The compound of any one of Embodiments II- 1 to 11-41 wherein Z 2 is

optionally substituted with one or more Z 2 groups.
Embodiment 11-43.

The compound of any one of Embodiments II- 1 to 11-42 wherein R

3

and

R 3 are each H .
Embodiment 11-44.

The compound of any one of Embodiments II- 1 to 11-43 wherein each Z

is independently selected from halogen, -OR
Embodiment 11-45.
or methyl, and R

4

Embodiment 11-46.

4

and -C(0)NR

q4 R 4 .

The compound of any one of Embodiments II- 1 to 11-44 wherein R

4

is H

and R 4 are each H .
The compound of any one of Embodiments II- 1 to 11-36 wherein Z 2 is

selected from:

Embodiment 11-47.
selected from:

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z 1 is
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Embodiment 11-48.
selected from:

The compound of any one of Embodiments II- 1 to 11-10 wherein A-Z is
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Embodiment 11-49.

The compound of any one of Embodiments II- 1 to 11-48 wherein R is a 5-

12 membered heteroaryl, wherein any 5-12 membered heteroaryl of R 1 is optionally substituted

with one or more Z 4 groups.
Embodiment 11-50.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 is a 8-

12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein any 8-12

membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl of R 1 is optionally
substituted with one or more Z 4 groups.
Embodiment 11-51.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 is a 8-

12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein the 8-12

membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl have 4-10 carbon atoms
and 1-5 heteroatoms in the ring system, and wherein any 8-12 membered bicyclic-heteroaryl or
8-12 membered tricyclic-heteroaryl of R 1 is optionally substituted with one or more Z 4 groups.
Embodiment 11-52.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 is a 8-

12 membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl, wherein the 8-12

membered bicyclic-heteroaryl or 8-12 membered tricyclic-heteroaryl contains at least one
partially unsaturated ring, and wherein any 8-12 membered bicyclic-heteroaryl or 8-12
membered tricyclic-heteroaryl of R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or
5) Z 4 groups.

Embodiment 11-53.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 has

the following formula lib:
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lib
wherein:
C together with the two carbon atoms of ring B to which it is attached forms a 3-7
membered monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered
monocyclic-heterocycle

or 5-8 membered bicyclic heterocycle, wherein any 3-7 membered

monocyclic-carbocycle, 5-8 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-8 membered bicyclic heterocycle of C is optionally substituted with one or
more (e.g. 1, 2, 3, 4 or 5) Z 4 groups; and
B is a 5 or 6 membered monocyclic-heteroaryl having 1, 2 or 3 nitrogen atoms;
V is C or N ;
W is CZ 4 , NZ 4 or N ;
X is CZ 4 , NZ 4 or N ;
Y is CZ 4 , N or absent;
the dashed bonds are selected from single bonds and double bonds, wherein the dashed
bonds, V, W , X and Y are selected so that the 5 or 6 membered monocyclic-heteroaryl B is
aromatic; and
each Z 4 is independently selected from H or Z 4 .
Embodiment 11-54.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 has

the following formula lid:

lid
wherein:
C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle or 5-9 membered bicyclic heterocycle, wherein any 3-7 membered monocycliccarbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle

or 5-9

membered bicyclic heterocycle of C is optionally substituted with one or more (e.g. 1, 2, 3, 4 or
5) Z 4 groups; and
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each Z 4 is independently selected from H or Z 4 .
Embodiment 11-55.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 is

selected from 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazolyl
tetrahydro-indazolyl,

and 4,5,6,7-

wherein any 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-

c]pyrazolyl and 4,5,6,7-tetrahydro-indazolyl

of R 1 is optionally substituted with one or more Z 4

groups.
Embodiment 56.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 is

selected from 3b,4,4a,5-tetrahydro-lH-cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl
4,5,6,7-tetrahydro-indazol-l-yl,

and

wherein any 3b,4,4a,5-tetrahydro-lH-

cyclopropa[3,4]cyclopenta[l,2-c]pyrazol-l-yl

and 4,5,6,7-tetrahydro-indazol-l-yl

of R 1 is

optionally substituted with one or more Z 4 groups.
Embodiment 11-57.

The compound of any one of Embodiments II- 1 to 11-56 wherein each Z 4

is independently selected from (C 1-C 6 )alkyl and halogen, wherein any (C 1-C 6 )alkyl of Z 4 is
optionally substituted with one or more halogen.
Embodiment 11-58.

The compound of any one of Embodiments II- 1 to 11-56 wherein each Z 4

is independently selected from fluoro, trifluoromethyl and difluoromethyl.
Embodiment 11-59.

The compound of any one of Embodiments II- 1 to 11-48 wherein R 1 is

selected from:

Embodiment 11-60.

The compound of any one of Embodiments II- 1 to 11-48 wherein R is
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Embodiment 11-61.

The compound of any one of Embodiments

II- 1 to 11-48 wherein R is

selected from:

Embodiment 11-62.

The compound of any one of Embodiments II- 1 to 11-48 wherein R is

Embodiment 11-63.

The compound of Embodiment II- 1 selected from:
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and pharmaceutically acceptable salts thereof.
Embodiment 11-64.

The compound of Embodiment II- 1 selected from:

and pharmaceutically acceptable salts thereof.
Embodiment 11-65.

A pharmaceutical composition comprising a compound of formula I as

described in any one of Embodiments II- 1 to 11-64, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier.
Embodiment 11-66.

A method for treating a Retroviridae virus infection in a mammal

comprising administering a therapeutically effective amount of a compound of any one of
Embodiments II- 1 to 11-64, or a pharmaceutically acceptable salt thereof, to the mammal.
Embodiment 11-67.

The method of Embodiment 11-66 wherein the Retroviridae virus infection

is an HIV virus infection.
Embodiment 11-68.

A method for treating an HIV infection in a mammal comprising

administering to the mammal in need thereof a therapeutically effective amount of a compound
of formula I as described in any one of Embodiments II- 1 to 11-64, or a pharmaceutically
acceptable salt thereof, in combination with a therapeutically effective amount of one or more
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additional therapeutic agents selected from the group consisting of HIV protease inhibiting
compounds, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside inhibitors of
reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HIV integrase
inhibitors, gp41 inhibitors, CXCR4 inhibitors, gpl20 inhibitors, CCR5 inhibitors, capsid
polymerization inhibitors, and other drugs for treating HIV, and combinations thereof.
Embodiment 11-69.

A compound of formula I as described in any of Embodiments II- 1 to II-

44, or a pharmaceutically acceptable salt thereof for use in medical therapy.
Embodiment 11-70.

A compound of formula I as described in any one of Embodiments II- 1 to

11-44 or a pharmaceutically acceptable salt thereof, for the prophylactic or therapeutic treatment

of a Retroviridae virus infection or an HIV virus infection.
Embodiment 11-71.

The use of a compound as described in any one of Embodiments II- 1 to

11-44 or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament for

treating a Retroviridae virus infection or an HIV virus infection in a mammal.
Embodiment 11-72.

A compound or method as described herein.
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CLAIMS
What is claimed is:

wherein
A 1 is CH, C-Z3 , or nitrogen;
A is CH or nitrogen;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;
each R a and R is independently H or (C 1-C 3)alkyl;
Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , wherein the Z l and Z l groups are the
same or different;
each Z l is independently (C 3 -C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R

l , -C(0)OR l ,

-C(0)NR l R l and

-S(0) 2NR l COR pl , wherein any (C 3-C 7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z ld groups,
wherein the Z l and Z ld groups are the same or different;
each Z l is independently (C 1-Cg)alkyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (C
C 8 )heteroalkyl;
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each Z is independently (C 1-Cg)alkyl or (C 1-Cg)haloalkyl;

each R l is independently H,

(C 3 -C 7 )carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (Ci-C8)alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (C 1-Cg)alkyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (C 1-Cg)alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (C 1-Cg)alkyl, (CrC 7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C3 -C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (C 1-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (Ci-Cg)alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-Cg)alkenyl or (C 2-Cg)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (Ci-C 4 )alkyl;
each R 3 and R 3 is independently H or (Ci-C 4 )alkyl;
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each Z is independently oxo, (C 1-C4)alkyl, (C 1-C4)heteroalkyl or (C 1-C 4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S
RP4 , -S(0) NR V 4, -NR V 4, -NR 4COR p4 , -NR 4 C0 Rp4 , 2

NR

4 CONR 4 R 4 ,

C(0)OR

4,

2

-NR

4 S(0)

or -C(0)NR

Rp4 ,

2

-NR

2

4 S(0)

ORp4 ,

2

-NR

4 S(0)

2NR

4R 4

-N0 2, -C(0)R 4 , -

V 4;

each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (Ci-C )alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (C 1-C 4)alkyl, (C 1-C4)haloalkyl, or (

-

C4)heteroalkyl;
each Z is independently a (C 1-C4)heteroalkyl;
each Z4 is independently oxo, (Ci-C )alkyl,

(C3

-C 7)carbocycle, halogen, -CN, -OR 5 , -

NR 5R 5 , -NR 5COR p5 , -NR 5C0 2Rp5 , -C(0)R 5 , -C(0)OR

5,

or -C(0)NR 5R 5 , wherein any (C 3-

C 7)carbocycle or (C 1-Cg)alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ;

each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
each Z5 is independently halogen, which may be same or different; and
n is 0, 1, 2, or 3;
or a pharmaceutically acceptable salt thereof.

2.

The compound of claim 1, or a pharmaceutically acceptable salt thereof, which is a

compound of formula Ille:

Ille
or a pharmaceutically acceptable salt thereof.

3.

The compound of any one of claims 1-2, or a pharmaceutically acceptable salt thereof,

wherein R is
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wherein

C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle or 5-9 membered bicyclic-carbocycle, wherein any 3-7 membered
monocyclic-carbocycle or 5-9 membered bicyclic-carbocycle of C is optionally substituted with
1, 2, 3, 4

or 5 Z4 groups, wherein the Z4 groups are the same or different.

4.

The compound of any one of claims 1-3, or a pharmaceutically acceptable salt thereof,

5.

The compound of any one of claims 1-4, or a pharmaceutically acceptable salt thereof,

wherein Z 1 is

wherein each Z lw is independently Z l , Z l , or H .

6.

The compound of claim 5, or a pharmaceutically acceptable salt thereof,

wherein:

each Z la is independently halogen, -CN, -OR l , -NR l S(0) 2Rpl , -NR l S(0) 2NR l R l , -

NR l R l , -NR l CORpl , -NR l CONR l R l , or -NR l C0 2Rpl ;
each Z l is independently (CrCsalkyl), wherein the (CrCsalkyl) is optionally substituted

with 1, 2, or 3 halogen, which are the same or different; and
at least one of Z lw is Z la or Z l .
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7.

The compound of claim 6, or a pharmaceutically acceptable salt thereof, wherein at least

two of Z l w are independently Z la.

The compound of claim 6 or 7, or a pharmaceutically acceptable salt thereof, wherein
a is

independently halogen, -NR l S(0) 2Rpl , or -NR l S(0) 2NR l R l .

The compound of any one of claims 1-8, or a pharmaceutically acceptable salt thereof,

wherein the moiety

10.

wherein Z is H or halogen.

IS

The compound of any one of claims 1-9, or a pharmaceutically acceptable salt thereof,

wherein A 1 is CH.

11.

The compound of any one of claims 1-9, or a pharmaceutically acceptable salt thereof,

wherein A 1 is C-Z3.

12.

The compound of any one of claims 1-1 1, or a pharmaceutically acceptable salt thereof,

wherein A is CH.

A compound of formula III:

wherein
A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
2

3

3

Z group, and optionally substituted with 1 or 2 Z groups, wherein the Z groups are the same or

different;
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R is 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl, or 3-12 membered heterocycle of
R 1 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups, wherein the Z4 groups are the same or
different;
R is phenyl optionally substituted with 1, 2, 3, 4 or 5 halogen, which are the same or
different;
each R a and R is independently H or (Ci-C 3)al

l;

Z 1 is 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle,
wherein any 6-12 membered aryl, 5-14 membered heteroaryl, or 3-14 membered heterocycle of
Z is optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z l , wherein the Z l and Z l groups are the
same or different;
each Z l is independently (C3-C7 )carbocycle, 5-12 membered heteroaryl, 3-12 membered

heterocycle, halogen, -CN, -OR l , -OC(0)R pl , -OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -NR l CONR l R l , NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , -C(0)R l , -C(0)OR

l,

-C(0)NR l R l and

-S(0) 2NR l CORpl , wherein any (C 3-C7)carbocycle, 5-12 membered heteroaryl and 3-12
membered heterocycle of Z l is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups,
wherein the Z l and Z l d groups are the same or different;
each Z l is independently (C C

kyl optionally substituted with 1, 2, 3, 4 or 5 halogen,

which are the same or different;
each Z l is independently halogen, -CN, -OH, -NH 2, -C(0)NR 2R 2 , or (

-

Cg)heteroalkyl;
each Z l d is independently (Ci-C )alkyl or (C 1-C 8)haloalkyl;

each R l is independently H, (C C

kyl, (C 3-C7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l is optionally substituted
with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different,
and wherein any (Ci-C )alkyl of R l is optionally substituted with 1, 2, 3, 4 or 5 Z l groups,
wherein the Z l groups are the same or different;
each Rpl is independently (C 1-Cg)alkyl, (C 3-C7)carbocycle, 3-7 membered heterocycle, or
5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7 membered

heterocycle, or 5-6 membered monocyclic-heteroaryl of Rpl is optionally substituted with 1, 2, 3,
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4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or different, and wherein
any (Ci-C )alkyl of Rpl is optionally substituted with 1, 2, 3, 4 or 5 Z l groups, wherein the Z l
groups are the same or different;
each R l and R l is independently H, (C 1-Cg)alkyl, (C 3-C 7)carbocycle, 3-7 membered
heterocycle, or 5-6 membered monocyclic-heteroaryl, wherein any (C 3-C 7)carbocycle, 3-7
membered heterocycle, or 5-6 membered monocyclic-heteroaryl of R l or R l is optionally
substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein the Z l and Z l d groups are the same or
different, and wherein any (C 1-Cg)alkyl of R l or R l is optionally substituted with 1, 2, 3, 4 or 5
Z l groups, wherein the Z l groups are the same or different, or R l and R l together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle, wherein the 5, 6 or
7-membered heterocycle is optionally substituted with 1, 2, 3, 4 or 5 Z l or Z l d groups, wherein
the Z l and Z l d groups are the same or different;
each R 2 and R 2 is independently H, (C 1-C )alkyl, (C 3-C7)carbocycle, or R 2 and R 2
together with the nitrogen to which they are attached form a 5, 6, or 7-membered heterocycle;
Z is (C 2 -C8 )alkenyl, (C 2 -C8 )alkynyl, 6-12 membered aryl, 5-12 membered C-linkedheteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3,

or -C(0)NR R 3 , wherein any 6-12

membered aryl, 5-12 membered C-linked-heteroaryl, or 3-12 membered C-linked-heterocycle of
Z2 is optionally substituted with 1, 2, 3, 4 or 5 Z2 or Z2 groups, wherein the Z2 and Z2 groups
are the same or different, and wherein any (C 2-C 8)alkenyl or (C 2-C 8)alkynyl of Z is optionally

substituted with 1, 2, 3, 4, or 5 Z2 groups, wherein the Z2 groups are the same or different;
each R is independently H or (C 1-C 4)alkyl;
each R 3 and R 3 is independently H or (Q-G^alkyl;
each Z2 is independently oxo, (Ci-C 4)alkyl, (C 1-C4)heteroalkyl, or (C 1-C4)haloalkyl;
each Z2 is independently oxo, halogen, -CN, -OR 4 , -OC(0)R p4 , -OC(0)NR 4 R 4 , -SR 4 , S(0)R p4 , -S(0) OH, -S(0) Rp4 , -S(0) NR V 4, -NR V 4, -NR 4CORp4 , -NR 4 C0 Rp4 , 2

NR

4 CONR 4 R 4 ,

C(0)OR

4,

2

-NR

or -C(0)NR

4 S(0)

2

Rp4 ,

2

-NR

2

4 S(0)

ORp4 ,

2

-NR

4 S(0)

2NR

4R 4

-N0 2, -C(0)R 4 , -

V 4;

each R 4 is independently H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, or (C 1-C 4)heteroalkyl;
each Rp4 is independently (C 1-Cs)alkyl, (C 1-C4)haloalkyl, or (C 1-C4)heteroalkyl;
each R 4 and R 4 is independently H, (C 1-C 4)alkyl, (C 1-C4)haloalkyl, or (
C4)heteroalkyl;
each Z is independently a (C 1-C 4)heteroalkyl or halogen;

-
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each Z4 is independently oxo, (C 1-Cg)alkyl,
N R

q5 R 5

N R

CORP

5

-NR 5C0 2Rp5 , -C(0)R

5,

(C3

-C 7 )carbocycle, halogen, -CN, -OR 5 , -

-C(0)OR

5,

or -C(0)NR

5R 5 ,

wherein any (C 3-

C 7 )carbocycle or (Ci-C )alkyl of Z4 is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,

wherein the Z4 groups are the same or different;
each Z4 is independently halogen, -CN, or -OR 6 ; and
each R 5 , Rp5 , R 5 , R 5 , and R 6 is independently H or (Ci-C 4)alkyl;
or a pharmaceutically acceptable salt thereof.

14.

The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein A is:

15.

The compound of claim 13, or a pharmaceutically acceptable salt thereof, wherein A is:

16.

The compound of any one of claims 1-15, or a pharmaceutically acceptable salt thereof,

wherein each Z , where present, is independently methoxy, dimethylamino, or methylamino.

17.

The compound of any one of claims 1-16, or a pharmaceutically acceptable salt thereof,

wherein R and R

18.

are each H .

The compound of any one of claims 1-16, or a pharmaceutically acceptable salt thereof,

wherein R is methyl and R is H .

19.

The compound of any one of claims 1-18, or a pharmaceutically acceptable salt thereof,

wherein Z is (C 2 -C 8)alkynyl, phenyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
membered C-linked-bicyclic-heteroaryl, 8-10 membered C-linked-bicyclic-heterocycle, or
-C(0)NR

R 3 , wherein any phenyl, 5-6 membered C-linked-monocyclic-heteroaryl, 8-10
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membered C-linked-bicyclic-heteroaryl, or 8-10 membered C-linked-bicyclic-heterocycle of Z 2
is optionally substituted with 1, 2, or 3 Z 2 or Z 2 groups, and wherein any (C 2 -C 8)alkynyl of Z 2
is optionally substituted with 1, 2, or 3 Z 2 groups.

20.

The compound of any one of claims 1-18, or a pharmaceutically acceptable salt thereof,

wherein Z 2 is (C -C8)alkynyl, optionally substituted with 1, 2, or 3 Z groups.

21.

The compound of any one of claims 1-20, or a pharmaceutically acceptable salt thereof,

wherein each Z 2 is independently halogen, -OR"4 , NR 4R 4 , -NR 4 C0 2Rp4 , -C(0)OR
C(0)NR V 4.

22.

4,

or -

The compound of any one of claims 1-20, or a pharmaceutically acceptable salt thereof,

wherein each Z 2 is independently halogen or -OR 4 .

23.

The compound of any one of claims 1-18, or a pharmaceutically acceptable salt thereof,

wherein Z 2 optionally substituted with 1, 2, 3, 4, or 5 Z 2 or Z 2 groups is
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24.

The compound of any one of claims 1-2 and 5-23, or a pharmaceutically acceptable salt

thereof, wherein R 1 is a 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclic heteroaryl, wherein any 8-12 membered bicyclic-heteroaryl or 8-12 membered tricyclic heteroaryl of R 1 is optionally substituted with 1, 2, 3, 4, or 5 Z4 groups.

25.

The compound of any one of claims 1-2 and 5-23, or a pharmaceutically acceptable salt

thereof, wherein R 1 has the following formula lid:

wherein:
C together with the two carbon atoms to which it is attached forms a 3-7 membered
monocyclic-carbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclicheterocycle, or 5-9 membered bicyclic heterocycle, wherein any 3-7 membered monocycliccarbocycle, 5-9 membered bicyclic-carbocycle, 3-7 membered monocyclic-heterocycle or 5-9
membered bicyclic heterocycle of C is optionally substituted with 1, 2, 3, 4 or 5 Z4 groups,
wherein the Z4 groups are the same or different; and
each Z4 is independently selected from H or Z4 , wherein the Z4 groups are the same or
different.

26.

The compound of any one of claims 1-25, or a pharmaceutically acceptable salt thereof,

wherein each Z4 is independently (Ci-C 4 )alkyl or halogen, wherein any (Ci-C 4 )alkyl of Z4 is
optionally substituted with 1, 2, 3, 4 or 5 halogen.

27.

The compound of any one of claims 1-2 and 5-23, or a pharmaceutically acceptable salt

thereof, wherein R 1 optionally substituted with 1, 2, 3, 4, or 5 Z4 groups is

440

29.

The compound of any one of claims 1-4 and 9-28, or a pharmaceutically acceptable salt

thereof, wherein Z 1 is phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-

heteroaryl, 8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle,
wherein any phenyl, 5-6 membered monocyclic-heteroaryl, 8-10 membered bicyclic-heteroaryl,
8-10 membered bicyclic-heterocycle, or 9-12 membered tricyclic-heterocycle of Z 1 is optionally

substituted with 1, 2, 3, 4, or 5 Z l or Z l groups.

30.

The compound of any one of claims 1-4 and 9-28, or a pharmaceutically acceptable salt

thereof, wherein Z 1 is 8-10 membered bicyclic-heteroaryl or 8-10 membered bicyclic-
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heterocycle, wherein any 8-10 membered bicyclic-heteroaryl or 8-10 membered bicyclicheterocycle has 3-9 carbon atoms and 1-5 heteroatoms in the ring system, and wherein any 8-10
membered bicyclic-heteroaryl or 8-10 membered bicyclic-heterocycle of Z 1 is optionally
substituted with 1, 2, 3, 4, or 5 Z l or Z l groups.

31.

The compound of any one of claims 1-5 and 9-30, or a pharmaceutically acceptable salt

thereof, wherein each Z l is independently oxo,

(C3-C7

)carbocycle, halogen, -CN, -0-(Cr

C )alkyl, -NR l R l , -NR l CORpl , -NR l C0 2Rpl , -NR l CONR l R l , -NR l S(0) 2Rpl , NR l S(0) 2NR l R l , or -C(0)NR l R l .
32.

The compound of any one of claims 1-31, or a pharmaceutically acceptable salt thereof,

wherein each Z l is independently methyl or difluoromethyl.

33.

The compound of any one of claims 1-32, or a pharmaceutically acceptable salt thereof,

wherein Z 1 is substituted with 2 Z l groups, wherein each Z la is independently -NR l S(0) 2Rpl , NR l S(0) 2NR l R l , or halogen.
34.

The compound of any one of claims 1-28, or a pharmaceutically acceptable salt thereof,

wherein Z 1 is

optionally substituted with 1, 2, 3, 4 or 5 Z l a or Z
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35.

The compound of any one of claims 1-28, or a pharmaceutically acceptable salt thereof,

wherein Z is

t
, wherein each Z l is independently halogen, -NR ni S
(0) 2Rp or

-NR l S(0) 2NR l R l .
36.

The compound of any one of claims 1-28, or a pharmaceutically acceptable salt thereof,

wherein Z 1 o tionall substituted with 1 2 3 4 or 5 Z l or Z l

rou s is
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412

453

413
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A compound of formula:

pharmaceutically acceptable salt thereof.

A compound of formula:

pharmaceutically acceptable salt thereof.
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A compound of formula:

or a pharmaceutically acceptable salt thereof.

A compound of formula:

pharmaceutically acceptable salt thereof.

A compound of formula:

pharmaceutically acceptable salt thereof.

A compound of formula:

or a pharmaceutically acceptable salt thereof.
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A compound of formula I :

I
wherein:

A is a 6-membered monocyclic-heteroaryl with one or two nitrogen atoms, wherein the
6-membered monocyclic-heteroaryl is substituted with one Z 1 group at the position shown, one
Z2 group, and optionally substituted with one or more (e.g., 1 or 2) Z 3 groups;
R 1 is 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle,
wherein any 6-12 membered aryl, 5-12 membered heteroaryl or 3-12 membered heterocycle of
R 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
R is phenyl, 5-membered monocyclic-heteroaryl, 6-membered monocyclic-heteroaryl or
(C 3-C 7)carbocycle, wherein any phenyl, 5-membered monocyclic-heteroaryl, 6-membered

monocyclic-heteroaryl or (C 3-C 7)carbocycle of R is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z 5 groups;

each R andR

is independently selected from H, halogen, (Ci-C 3)alkyl and

(Ci-C 3)haloalkyl, or R a is selected from H, (Ci-C 3)alkyl and (Ci-C 3)haloalkyl andR

is selected

from -OH and -CN;
Z 1 is selected from 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle, wherein any 6-12 membered aryl, 5-14 membered heteroaryl and 3-14 membered
heterocycle of Z 1 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l ;
each Z l is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR l , -OC(0)R pl ,
-OC(0)NR l R l , -SR l , -S(0)R pl , -S(0) 2OH, -S(0) 2Rpl , -S(0) 2NR l R l , -NR l R l , -NR l CORpl ,
-NR l C0 2Rpl , -NR l CONR l R l , -NR l S(0) 2Rpl , -NR l S(0) 2ORpl , -NR l S(0) 2NR l R l , N0 2,

-C(0)R l , -C(0)OR l , -C(0)NR l R l and -S(0) 2NR l CORpl , wherein any (C 3-C 7)carbocycle, 612 membered aryl, 5-12 membered heteroaryl and 3-12 membered heterocycle of Z l is

optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z ld groups;
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each Z is independently selected from (C 1-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl,
(C 2-C 8)alkenyl and (C 2-C 8)alkynyl of Z l is optionally substituted

wherein any

with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Z l is independently selected from (C 3-C 7)carbocycle, phenyl, 5-6 membered

monocyclic-heteroaryl, 3-7 membered heterocycle, halogen, -CN, -OR 2 , -OC(0)R p2 ,
-OC(0)NR 2R 2 , -SR 2 , -S(0)R p2 , -S(0) 2OH, -S(0) 2Rp2 , -S(0) 2NR 2R 2 , -NR 2R 2 , -NR 2COR p2 ,
-NR 2C0 2Rp2 , -NR 2CONR 2R 2 , -NR 2S(0) 2Rp2 , -NR 2 S(0) 2ORp2 , -NR 2S(0 2NR 2R 2 , N0 2,

-C(0)R 2 , -C(0)OR

2,

-C(0)NR 2R 2 , halophenyl, 5-6 membered haloheteroaryl, 3-7 membered

haloheterocycle and (C 1-Cg)heteroalkyl;
each Z l d is independently selected from (Ci-C )alkyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl and

each R l is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3 -C 7 )carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of R l is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
each Rpl is independently selected from (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3 -C 7 )carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl and

phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclicheteroaryl and phenyl of Rpl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l
or Z l d groups, and wherein any (Ci-Cg)alkyl, (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Rpl is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l groups;
R l and R l are each independently selected from H, (CrCg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl and phenyl, wherein any (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6
membered monocyclic-heteroaryl and phenyl of R

l

or R l is optionally substituted with one or

more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups, and wherein any (CrCg)alkyl, (C 2-Cg)alkenyl and
(C 2-Cg)alkynyl of R

l

or R l is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z l

groups, or R l and R l together with the nitrogen to which they are attached form a 5, 6 or 7-

membered heterocycle, wherein the 5, 6 or 7-membered heterocycle is optionally substituted
with one or more (e.g., 1, 2, 3, 4 or 5) Z l or Z l d groups;
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each R is independently selected from H, (C 1-Cg)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

each Rp2 is independently selected from (C 1-C 8)alkyl, (C 2-Cg)alkenyl, (C 2-Cg)alkynyl,
(C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-heteroaryl, phenyl,

halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered haloheterocycle, (Cr
Cg)haloalkyl and (C 1-Cg)heteroalkyl;

R 2 and R 2 are each independently selected from H, (Ci-Cg)alkyl, (C 2-Cg)alkenyl, (C 2Cg)alkynyl, (C 3-C 7)carbocycle, 3-7 membered heterocycle, 5-6 membered monocyclic-

heteroaryl, phenyl, halophenyl, 5-6 membered monocyclic-haloheteroaryl, 3-7 membered
haloheterocycle, (C 1-Cg)haloalkyl and (C 1-Cg)heteroalkyl, or R 2 and R 2 together with the
nitrogen to which they are attached form a 5, 6 or 7-membered heterocycle;
Z is selected from (C 2-Cg)alkenyl, (C 2-Cg)alkynyl, 6-12 membered aryl, 5-12 membered
C-linked-heteroaryl, 3-12 membered C-linked-heterocycle, -C(0)R

3

and -C(0)NR R 3 ,

wherein any 6-12 membered aryl, 5-12 membered C-linked-heteroaryl and 3-12 membered Clinked-heterocycle of Z2 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups, and wherein any (C 2-Cg)alkenyl and (C 2-Cg)alkynyl of Z2 is optionally substituted
with one or more (e.g.,1, 2, 3, 4, or 5) Z2 groups;
each Z2 is independently selected from (C 3-C 7)carbocycle, 6-12 membered aryl, 5-12

membered heteroaryl, 3-12 membered heterocycle, halogen, -CN, -OR 4 , -OC(0)R p4 ,
-OC(0)NR 4 R 4 , -SR 4 , -S(0)R p4 , -S(0) 2OH, -S(0) 2Rp4 , -S(0) 2NR 4 R 4 , -NR 4R 4 , -NR 4 COR p4 ,
-NR 4 C0 2Rp4 , -NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4 R 4,N0 2,
-C(0)R 4 , -C(0)OR 4 and -C(0)NR V 4, wherein any (C -C )carbocycle, 6-12 membered aryl,
3

7

5-12 membered heteroaryl and 3-12 membered heterocycle of Z2 is optionally substituted with
one or more (e.g., 1, 2, 3, 4 or 5) Z2 or Z2 groups;
each Z2 is independently selected from (Ci-C4)alkyl, (C 1-C4)heteroalkyl and (

-

C4)haloalkyl;
each Z2 is independently selected from halogen, -CN, -OR 4 , -OC(0)R p4 ,

-OC(0)NR 4 R 4 , -SR 4 , -S(0)R p4 , -S(0) 2OH, -S(0) 2Rp4 , -S(0) 2NR 4 R 4 , -NR 4R 4 , -NR 4 COR p4 ,
-NR 4 C0 2Rp4 , -NR 4 CONR 4 R 4 , -NR 4 S(0) 2Rp4 , -NR 4 S(0) 2ORp4 , -NR 4 S(0) 2NR 4 R 4,N0 2,
-C(0)R 4 , -C(0)OR 4 and -C(0)NR V 4;
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each R is independently selected from H, (C 1-C4)alkyl, (C 2-C4)alkenyl,
(C 3-C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3-C7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
Z2 or Z2 groups, and wherein any (C 1-C 4)alkyl, (C 2-C 4)alkenyl and (C 2-C 4)alkynyl of R is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups;
R and R are each independently selected from H, (CrC 4)alkyl, (C 2-C4)alkenyl,
(C 3-C 7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl and 6-12 membered

aryl, wherein any (C 3-C7)carbocycle, 3-12 membered heterocycle, 5-12 membered heteroaryl

and 6-12 membered aryl of R 3 or R 3 is optionally substituted with one or more (e.g., 1, 2, 3, 4
or 5) Z2 or Z2 groups, and wherein any (CrC 4)alkyl and (C 2-C 4)alkenyl of R 3 or R 3 is
optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 groups, or R 3 and R 3 together
with the nitrogen to which they are attached form a heterocycle or heteroaryl, wherein the
heterocycle or heteroaryl is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z2 or
Z2 groups;
each R 4 is independently selected from H, (CrC 4)alkyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl,
(Ci-C 4)haloalkyl and (C 1-C 4)heteroalkyl;
each Rp4 is independently selected from (C 1-Cg)alkyl, (C 2-C 4)alkenyl, (C 2-C4)alkynyl,
(Ci-C 4)haloalkyl and (Ci-C 4)heteroalkyl;
R 4 and R 4 are each independently selected from H, (CrC 4)alkyl, (C 2-C4)alkenyl, (C 2C4)alkynyl, (Ci-C 4)haloalkyl and (C 1-C4)heteroalkyl;
each Z is independently selected from halogen, (Q-G^alkyl, -OH, -CN, (C C4)heteroalkyl and (C 1-C4)haloalkyl;
each Z4 is independently selected from (

-C

kyl, (C 2-C 8)alkenyl, (C 2-C 8)alkynyl,

(C 3-C 7)carbocycle, halogen, -CN, -OR 5 , -OC(0)R p5 , -OC(0)NR

5R 5 ,

-SR 5 , -S(0)R p5 ,

-S(0) 2OH, -S(0) 2Rp5 , -S(0) 2NR 5 R 5 , -NR 5R 5 , -NR 5CORp5 , -NR 5C0 2Rp5 , -NR 5CONR 5R 5 ,
-NR 5 S(0) 2Rp5 , -NR 5 S(0) 2ORp5 , -NR 5 S(0) 2NR 5R 5 , N0 2, -C(0)R 5 , -C(0)OR

5

and

-C(0)NR 5R 5 , wherein any (C3-C7 )carbocycle, of Z4 is optionally substituted with one or more
(e.g., 1, 2, 3, 4 or 5) Z4 or Z4 groups, and wherein any

(C 2-Cg)alkenyl and (C 2-

Cg)alkynyl of Z4 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5) Z4 groups;
each Z4a is independently selected from halogen, -CN, -OR 6 , -OC(0)R p6 ,

-OC(0)NR 6R 6 , -SR 6 , -S(0)R p6 , -S(0) 2OH, -S(0) 2Rp6 , -S C NR R 6 , -NR 6R 6 , -NR 6CORp6 ,
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-NR 6C0 2Rp6 , -NR 6CONR 6R 6 , -NR 6S(0) 2Rp6 , -NR 6 S(0) 2ORp6 , -NR 6S(0) 2NR 6R 6 , N0 2,

-C(0)R 6 , -C(0)OR

6

and -C(0)NR 6R 6 ;

each Z4 is independently selected from (Ci-C4)alkyl,

(C2

-C4)alkenyl (C 2-C4)alkynyl and

(Ci-C 4)haloalkyl;
each R 5 is independently selected from H, (Q-G^alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp5 is independently selected from (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (Cr

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 5 and R 5 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each R 6 is independently selected from H, (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Rp6 is independently selected from (Ci-C 4)alkyl, (C 1-C 4)haloalkyl, (

-

C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
R 6 and R 6 are each independently selected from H, (Ci-C 4)alkyl, (C 1-C4)haloalkyl, (
C4)heteroalkyl, (C 2-C 4)alkenyl and (C 2-C4)alkynyl;
each Z5 is independently selected from (C 1-C 6)alkyl, halogen, -CN and -OR 7 ,

wherein any (C 1-C 6)alkyl of Z5 is optionally substituted with one or more (e.g., 1, 2, 3, 4 or 5)
halogen; and
each R is independently selected from H, (Q-C^alkyl, (Q-C^haloalkyl and
(C3-C7

)carbocycle;

or a pharmaceutically acceptable salt thereof.

45.

The compound of Claim 44, or a pharmaceutically acceptable salt thereof, which is:

-

462

422

463

423

464

47.

A pharmaceutical composition comprising a compound of any one of claims 1-46, or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

48.

A pharmaceutical composition comprising a compound of any one of claims 1-46, or a

pharmaceutically acceptable salt thereof, and an additional therapeutic agent, wherein the
additional therapeutic agent is an HIV protease inhibiting compound, an HIV non-nucleoside
inhibitor of reverse transcriptase, an HIV nucleoside inhibitor of reverse transcriptase, an HIV
nucleotide inhibitor of reverse transcriptase, an HIV integrase inhibitor, a gp41 inhibitor, a
CXCR4 inhibitor, a gpl20 inhibitor, a CCR5 inhibitor, a capsid polymerization inhibitor, or a
non-catalytic site site HIV integrase inhibitor and combinations thereof.

49.

A method for treating a HIV infection in a patient in need thereof comprising

administering a therapeutically effective amount of a compound of any one of claims 1-46, or a
pharmaceutically acceptable salt thereof, to the patient.

50.

A method for treating an HIV infection in a patient in need thereof comprising

administering to the patient a therapeutically effective amount of a compound of any one of
claims 1-46, or a pharmaceutically acceptable salt thereof, in combination with a therapeutically
effective amount of an additional therapeutic agent, wherein the additional therapeutic agent is
an HIV protease inhibiting compound, an HIV non-nucleoside inhibitor of reverse transcriptase,
an HIV nucleoside inhibitor of reverse transcriptase, an HIV nucleotide inhibitor of reverse

transcriptase, an HIV integrase inhibitor, a gp41 inhibitor, a CXCR4 inhibitor, a gpl20 inhibitor,
a CCR5 inhibitor, a capsid polymerization inhibitor, or a non-catalytic site HIV integrase site
inhibitor and combinations thereof.
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51.

A compound of any of claims 1-46, or a pharmaceutically acceptable salt thereof, for use

in medical therapy.

52.

A compound of any one of claims 1-46, or a pharmaceutically acceptable salt thereof, for

the prophylactic or therapeutic treatment of an HIV virus infection.

53.

The use of a compound of any one of claims 1-46, or a pharmaceutically acceptable salt

thereof, for the manufacture of a medicament for treating an HIV virus infection in a mammal.

54.

A compound or method as described herein.
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The following specification particularly describes the invention and the
manner in which it is to be performed.
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We claim:
1.

A compound of Formula (Ia):

(Ia)
or a pharmaceutically acceptable salt thereof.

2.

The compound of claim 1, which is a compound of Formula (Ib)

(Ib)
or a pharmaceutically acceptable salt thereof.

3.

A pharmaceutical composition comprising a therapeutically effective amount of the

compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient.
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4.

The pharmaceutical composition of claim 3, further comprising one, two, three, or

four additional therapeutic agents.

5.

The pharmaceutical composition of claim 4, wherein the additional therapeutic agents

are selected from the group consisting of combination drugs for HIV, other drugs for treating
HIV, HIV protease inhibitors, HIV non-nucleoside or non-nucleotide inhibitors of reverse
transcriptase, HIV nucleoside or nucleotide inhibitors of reverse transcriptase, HIV integrase
inhibitors, HIV non-catalytic site (or allosteric) integrase inhibitors, HIV entry inhibitors, HIV
maturation inhibitors, latency reversing agents, compounds that target the HIV capsid,
immune-based therapies, phosphatidylinositol 3-kinase (PI3K) inhibitors, HIV antibodies,
bispecific antibodies and “antibody-like” therapeutic proteins, HIV p17 matrix protein
inhibitors, IL-13 antagonists, peptidyl-prolyl cis-trans isomerase A modulators, protein
disulfide isomerase inhibitors, complement C5a receptor antagonists, DNA methyltransferase
inhibitor, HIV vif gene modulators, Vif dimerization antagonists, HIV-1 viral infectivity factor
inhibitors, TAT protein inhibitors, HIV-1 Nef modulators, Hck tyrosine kinase modulators,
mixed lineage kinase-3 (MLK-3) inhibitors, HIV-1 splicing inhibitors, Rev protein inhibitors,
integrin antagonists, nucleoprotein inhibitors, splicing factor modulators, COMM domain
containing protein 1 modulators, HIV ribonuclease H inhibitors, retrocyclin modulators, CDK9 inhibitors, dendritic ICAM-3 grabbing nonintegrin 1 inhibitors, HIV GAG protein inhibitors,
HIV POL protein inhibitors, Complement Factor H modulators, ubiquitin ligase inhibitors,
deoxycytidine kinase inhibitors, cyclin dependent kinase inhibitors, proprotein convertase PC9
stimulators, ATP dependent RNA helicase DDX3X inhibitors, reverse transcriptase priming
complex inhibitors, G6PD and NADH-oxidase inhibitors, pharmacokinetic enhancers, HIV
gene therapy, and HIV vaccines, or any combinations thereof.

6.

The pharmaceutical composition of claim 4, wherein the additional therapeutic agents

are selected from the group consisting of HIV protease inhibiting compounds, HIV nonnucleoside inhibitors of reverse transcriptase, HIV non-nucleotide inhibitors of reverse
transcriptase, HIV nucleoside inhibitors of reverse transcriptase, HIV nucleotide inhibitors of
reverse transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4 inhibitors, gp120
inhibitors, CCR5 inhibitors, capsid polymerization inhibitors, pharmacokinetic enhancers, and
other drugs for treating HIV, or any combinations thereof.
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7.

The pharmaceutical composition of claims 4 to 6, wherein the additional therapeutic

agents are selected from the group consisting of abacavir sulfate, tenofovir, tenofovir
disoproxil, tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate, tenofovir
alafenamide, and tenofovir alafenamide hemifumarate.

8.

The pharmaceutical composition of claims 4 to 7, wherein the additional therapeutic

agents are selected from the group consisting of tenofovir alafenamide, tenofovir alafenamide
fumarate and tenofovir alafenamide hemifumarate.

9.

The pharmaceutical composition of claims 4 to 6, wherein the additional therapeutic

agent is 4′-ethynyl-2-fluoro-2′-deoxyadenosine, bictegravir, or a pharmaceutically acceptable
salt thereof.
10.

A compound of Formula (IIa):

(IIa)
or a pharmaceutically acceptable salt thereof.

11.

The compound of claim 10, which is a compound of Formula (IIb)
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(IIb)
or a pharmaceutically acceptable salt thereof.

12.

A pharmaceutical composition comprising a therapeutically effective amount of the

compound of claim 10 or 11, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient.

13.

The pharmaceutical composition of claim 12, further comprising one, two, three, or

four additional therapeutic agents.

14.

The pharmaceutical composition of claim 13, wherein the additional therapeutic

agents are selected from the group consisting of combination drugs for HIV, other drugs for
treating HIV, HIV protease inhibitors, HIV non-nucleoside or non-nucleotide inhibitors of
reverse transcriptase, HIV nucleoside or nucleotide inhibitors of reverse transcriptase, HIV
integrase inhibitors, HIV non-catalytic site (or allosteric) integrase inhibitors, HIV entry
inhibitors, HIV maturation inhibitors, latency reversing agents, compounds that target the HIV
capsid, immune-based therapies, phosphatidylinositol 3-kinase (PI3K) inhibitors, HIV
antibodies, bispecific antibodies and “antibody-like” therapeutic proteins, HIV p17 matrix
protein inhibitors, IL-13 antagonists, peptidyl-prolyl cis-trans isomerase A modulators, protein
disulfide isomerase inhibitors, complement C5a receptor antagonists, DNA methyltransferase
inhibitor, HIV vif gene modulators, Vif dimerization antagonists, HIV-1 viral infectivity factor
inhibitors, TAT protein inhibitors, HIV-1 Nef modulators, Hck tyrosine kinase modulators,
mixed lineage kinase-3 (MLK-3) inhibitors, HIV-1 splicing inhibitors, Rev protein inhibitors,
integrin antagonists, nucleoprotein inhibitors, splicing factor modulators, COMM domain
containing protein 1 modulators, HIV ribonuclease H inhibitors, retrocyclin modulators, CDK-
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9 inhibitors, dendritic ICAM-3 grabbing nonintegrin 1 inhibitors, HIV GAG protein inhibitors,
HIV POL protein inhibitors, Complement Factor H modulators, ubiquitin ligase inhibitors,
deoxycytidine kinase inhibitors, cyclin dependent kinase inhibitors, proprotein convertase PC9
stimulators, ATP dependent RNA helicase DDX3X inhibitors, reverse transcriptase priming
complex inhibitors, G6PD and NADH-oxidase inhibitors, pharmacokinetic enhancers, HIV
gene therapy, and HIV vaccines, or any combinations thereof.

15.

The pharmaceutical composition of claim 13, wherein the additional therapeutic

agents are selected from the group consisting of HIV protease inhibiting compounds, HIV nonnucleoside inhibitors of reverse transcriptase, HIV non-nucleotide inhibitors of reverse
transcriptase, HIV nucleoside inhibitors of reverse transcriptase, HIV nucleotide inhibitors of
reverse transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4 inhibitors, gp120
inhibitors, CCR5 inhibitors, capsid polymerization inhibitors, pharmacokinetic enhancers, and
other drugs for treating HIV, or any combinations thereof.

16.

The pharmaceutical composition of claims 13 to 15, wherein the additional

therapeutic agents are selected from the group consisting of 4′-ethynyl-2-fluoro-2′deoxyadenosine, bictegravir or a pharmaceutically acceptable salt thereof, abacavir sulfate,
tenofovir, tenofovir disoproxil, tenofovir disoproxil fumarate, tenofovir disoproxil
hemifumarate, tenofovir alafenamide, and tenofovir alafenamide hemifumarate.

17.

The pharmaceutical composition of claims 13 to 16, wherein the additional

therapeutic agents are selected from the group consisting of 4′-ethynyl-2-fluoro-2′deoxyadenosine, bictegravir or a pharmaceutically acceptable salt thereof, tenofovir
alafenamide, tenofovir alafenamide fumarate and tenofovir alafenamide hemifumarate.

18.

The pharmaceutical composition of any one of claims 3-8, 9, or 12-17, wherein the

composition is a parenteral formulation.

19.

The parenteral formulation according to claim 18, wherein the formulation is

administered subcutaneously to a subject in need thereof.
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20.

The parenteral formulation according to claim 18, wherein the formulation is

administered intramuscularly to a subject in need thereof.

21.

The parenteral formulation of any one of claims 18-20, wherein the formulation

comprises saline.

22.

The parenteral formulation of any one of claims 18-21, wherein the formulation

comprises a poloxamer.

23.

The parenteral formulation of claim 22, wherein the poloxamer is poloxamer 338.

24.

A compound selected from the group consisting of:

and
25.

.

A compound selected from the group consisting of:

and

26.

.

A compound of the formula:

.

27.

The parenteral formulation of claim 22, wherein the poloxamer is poloxamer 188.
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28.

The parenteral formulation of claim 27, wherein the concentration of poloxamer 188

in saline is about 1 % to about 10%.

29.

The parenteral formulation of claim 27 or 28, wherein the concentration of poloxamer

188 in saline is about 1 % to about 3%.

30.

The parenteral formulation of claim 27, 28, or 29, wherein the concentration of

poloxamer 188 in saline is about 2%.

31.

The parenteral formulation of any one of claims 18-20, wherein the formulation

comprises N-methyl-2-pyrrolidone.

32.

The parenteral formulation of any one of claims 18-20, wherein the formulation

consists essentially of N-methyl-2-pyrrolidone.

33.

The parenteral formulation of any one of claims 18-20, wherein the formulation

comprises dimethyl sulfoxide.

34.

The parenteral formulation of any one of claims 18-20, wherein the formulation

consists essentially of dimethyl sulfoxide.

35.

The parenteral formulation of any one of claims 18-20, wherein the formulation

comprises water.

36.

The parenteral formulation of any one of claims 18-20 or 35, wherein the formulation

further comprises an alcohol.

37.

The parenteral formulation of claim 36, wherein the alcohol is ethanol.

38.

The parenteral formulation of any one of claims 18-2062 or 35 to 37, wherein the

formulation further comprises polyethylene glycol.
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39.

The parenteral formulation of claim 38, wherein the polyethylene glycol has an

average molecular weight of about 200 g/mol.

40.

The parenteral formulation of any one of claims 35 to 39, further comprising an

inorganic base.

41.

The parenteral formulation of claim 4082, wherein the inorganic base is sodium

hydroxide.

42.

The parenteral formulation of claims 1860-20, and 35-41, wherein the formulation

comprises about 5% to about 20% ethanol, about 5% to about 20% water, and about 60% to
about 90% polyethylene glycol 200.

43.

The parenteral formulation of claims 18-20, and 35-42, wherein the formulation

comprises about 10% to about 15% ethanol, about 10% to about 15% water, and about 70% to
about 80% polyethylene glycol 200.

44.

The parenteral formulation of claims 18-20, and 35-43, wherein the formulation

comprises about 10% ethanol, about 12% water, and about 78% polyethylene glycol 200.

45.

The pharmaceutical composition of any one of claims 3-8, 9, or 12-17, wherein the

composition is an oral formulation.

46.

The formulation of any one of claims 18-23 and 27-45, wherein the compound is

present as a sodium salt.
Dated this: 18th day of February, 2019

SACHIN BINDAL
Of K&S PARTNERS
ATTORNEY FOR THE APPLICANT(S)
IN/PA-2560
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ABSTRACT
“THERAPEUTIC COMPOUNDS USEFUL FOR THE PROPHYLACTIC OR
THERAPEUTIC TREATMENT OF AN HIV VIRUS INFECTION”

The present disclosure relates to a compound of formula (Ia), (Ib), (IIa), and (IIb): (Ia) (Ib) (IIa)
(IIb) which are useful in the treatment of a Retroviridae viral infection including an infection
caused by the HIV virus.
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Abstract
HIV-1 protease is a homodimer composed of monomer subunits, each containing 99 amino
acids with a single catalytic Asp residue. Four-dimensional quantitative structure-activity
relationship (4D-QSAR) analysis was applied to a series of 32 C2-symmetric diol inhibitors
of HIV-1 protease. The 4D-QSAR approach can be applied to both receptor-dependent
(RD) and receptor-independent (RI) problems. In the first scheme, the geometry of the
receptor (molecular target, usually an enzyme) is available. By contrast, in the second
scheme, the geometry of the receptor is not available or is not included in the data necessary
to the analysis. Twenty-eight compounds belong to the training set, and four to the test set,
which was used for external validation. These compounds are analogues of inhibitor HOE/
BAY-793, important for its outstanding potency in vitro and, especially, in HIV-1 infected
cell culture. Five thousand conformations of each analogue were sampled by molecular
dynamic simulation for 50 ps at a constant temperature of 300 K. For each of the three trial
alignments, each conformation was placed in a 2  grid cell lattice. Optimized 4D-QSAR
models were constructed by genetic algorithm (GA) optimization and partial least squares
(PLS) fitting, and evaluated by the leave-one-out cross-validation method. The models
developed in this analysis suggest that alignment 3 yields the best results, both statistically
and qualitatively. The 4D-QSAR models developed in this study suggest novel molecular
regions to be explored in the search for better anti-HIV agents to inhibit HIV-1 protease.

1 Introduction
The Acquired Immune Deficiency Syndrome (AIDS) is still
one of the most serious problems faced by humanity today.
The human immunodeficiency virus (HIV) has been
identified as the etiologic agent of this disease, that causes
a large number of deaths, and has a great and limiting
Abbreviations: 4D-QSAR: Four-Dimensional Quantitative Structure-Activity Relationship; AIDS: Acquired Immune Deficiency
Syndrome; GA: Genetic Algorithm; HIV: Human Immunodeficiency Virus; HOE/BAY-793: N-(1-benzyl-2,3-dihydroxy-4{3-methyl-2-[2-(2-methyl-propane-2-sulfonylmethyl)-3-naphtalen1-yl-propionylamino]-butyrylamino}-5-phenyl-pentyl)-3-methyl-2[2-(2-methyl-propane-2-sulfonylmethyl)-3-naphthalen-1-yl-propionylamino]-butyramide; IC50: Inhibitory Concentration 50%; MD:
molecular dynamic; PLS: Partial Least Squares; RD: ReceptorDependent; RI: Receptor-Independent; SAR: Structure-Activity
Relationship
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influence in the quality of live and the economic development of many countries [1]. The HIV-1 protease was
identified as one of the major targets for intervention in
HIV infection. Navia and co-workers, from Merck laboratories, was the first group to obtain the crystal structure of
HIV-1 protease [2], and subsequently, Kent and co-workers
reported a more accurate structure [3]. The active HIV-1
protease is a homodimer, in which each monomer subunit is
composed by 99 amino acids with a single catalytic Aspresidue at the active center, located on a single protein
chain. HIV-1 protease is enzymatically active only as a C2
symmetric dimer [4]. More than 140 structures of HIV-1
proteases, their mutants, and complexes with various
inhibitors have been reported so far [1]. A significant
clinical outcome is the emergence of viral strains that exhibit
resistance to multiple HIV-1 protease inhibitors. Loss of
sensitivity to protease inhibitors occurs because the resistant
viral strains encode protease molecules containing specific
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amino acid mutations that lower the affinity with the
inhibitors, yet maintain sufficient affinity with the substrate
[5].
Proteases play an essential role in many biological
processes: they catalyze the hydrolysis of peptide bonds
with high sequence selectivity and catalytic efficiency. The
two different catalytic mechanisms divide the proteases into
two broad classes of enzymes: the first uses an activated
water molecule to attack the amide bond carbonyl of the
substrates scissile bond; and the second uses a nucleophilic
atom of an aminoacid side chain to initiate amide hydrolysis.
The activation by a water molecule is achieved either by a
zinc cation (zinc-metalloproteinases) or by two aspartyl-bcarboxyl groups at the active site (aspartate-proteases). The
activation by a nucleophilic atom (e.g. hydroxyl or thiol
group) is achieved by another amino acid side chain, and
then the activated nucleophile attacks the carbonyl of the
scissile amide bond to form an ester or a thioester-acyl
intermediate. Eventually, a water molecule, corresponding
to the hydrolysis products, hydrolyzes this acyl-enzyme
intermediate [6, 7].
Although there are six HIV-1 protease inhibitors (Saquinavir, Amprenavirn Nelfinavir, Indinavir, Ritonavir, and
Lopinavir) currently approved by the U.S. Food and Drug
Administration (FDA), their effectiveness has been hampered by the emergence of drug-resistant and cross-resistant
mutants. Therefore, a definitive cure for AIDS has yet to be
found [8]. The development of a new generation of protease
inhibitors that effectively addresses the issue of resistance
requires a better understanding of the interactions between
protease and substrate or inhibitor.
Budt and coworkers [9] described a series of compounds
with C2 symmetry and a vicinal diol group as central unit,
with the ability to bind to the HIV-1 protease active site.
These compounds are improved analogues of inhibitor
HOE/BAY-793 (N-(1-benzyl-2,3-dihydroxy-4-{3-methyl-2[2-(2-methyl-propane-2-sulfonylmethyl)-3-naphtalen-1-ylpropionylamino]-butyrylamino}-5-phenyl-pentyl)-3-methyl2-[2-(2-methyl-propane-2-sulfonylmethyl)-3-naphthalen-1yl-propionylamino]-butyramide, compound 32, Figure 1),
presenting outstanding potency, especially in HIV-1 infected cell cultures. Structure-activity relationship (SAR)
studies showed that all three side chains (P1-P3/P1’-P3’,
Figure 1) need to be lipophilic in both enzyme and in vitro
virus inhibition, and, in some cases, when the enzyme
tolerates hydrophilic substituents, drastic reductions in antiHIV activity (cell culture assay) are observed, most likely
due to insufficient cell penetration [9].
Quantitative structure-activity relationship (QSAR)
studies may be useful in the search for molecule sites
capable of being transformed into better specific ligands [10,
11]. This methodology is mostly used to correlate properties
(e.g. biological activities) with structures, but it can also be
applied to predict the activity value of non-synthesized
compounds, structurally related to training sets. It is a
mathematical model of correlation statistically validated
QSAR Comb. Sci. 2005, 24

Figure 1. Ordered atom letter codes (a, b, c, d, e, and f) used in
the 4D-QSAR analysis defining the three trial alignments: (1) a-c-e,
(2) b-d-e, and (3) f-d-a. Compound 32 (pIC50 ¼ 9.52) is used to
define the atom letter code. The chirality (R or S) is defined in
gray.

between the chemical structure and their activity profile.
With the advent of molecular modeling, three-dimensional
(3D) descriptors replaced the didactical physicochemical
and bidimensional descriptors [12, 13].
In those studies, methods that can incorporate molecular
flexibility, such as the 4D-QSAR methods, proposed by
Hopfinger and co-workers [12 – 19], proved advantageous
because they allowed the identification of the conformation
that maximized the activity from 3D-QSAR models. Therefore, the main purpose of this study is to use the 4D-QSAR
method to map the interaction sites of the series of inhibitors
developed by Budt and co-workers [9], and to propose
structural changes to make them more potent and, thereby,
better anti-HIV agents.

2 Methods
2.1 Biological Data
The 4D-QSAR models were developed using 28 compounds
(1 – 15, 17 – 18, 20 – 24, 26 – 30, and 32), the training set, and
externally validated using four compounds (16, 19, 25, and
31), the test set, selected from a series of HIV-1 protease
inhibitors developed by Budt and co-workers [9]. The
biological activities of these compounds were reported as
the concentration capable of inhibiting 50% of the enzyme
activity (IC50), using the HIV-1 protease expressed and
purified from Escherichia coli strain K12 [9]. In addition, all
pharmacological data were obtained from the same laboratory, eliminating the potential noise that might have been
introduced by the pooling of data sets from different
sources. The IC50 (nM) values were converted into molar
units, and, then, expressed in negative logarithmic units
(pIC50). The range of pIC50 values for the training and test set
spans at least three orders of magnitude (6.44 to 9.52), and
the biological activity values shows a regular distribution
over the whole range.
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The 32 compounds (training and test set) are listed in the
Table 1 and compound 32, used as a reference in this work,
corresponds to HOE/BAY-793. Since the inhibitors of this
series are structurally related, the compounds of the training
and test set were assigned as follows: the 32 compounds were
assembled in four sub-groups according their increasing
values of pIC50 (Group I: pIC50 ¼ 6.01 – 7.00, Group II:
pIC50 ¼ 7.01 – 8.00, Group III: pIC50 ¼ 8.01 – 9.00, and Group
IV: pIC50 ¼ 9.01 – 10.00), and one compound from each
group was randomly selected as a test set compound. As a
result, the remaining 28 compounds comprise the training
set. Using this approach we have test set compounds spread
over the whole range of the activity values, and at least one
test set compound from each range of biological activity.
Compound 32 (HOE/BAY-793), included in Group IV, was
not considered in the random selection, since it was selected
as the reference compound in the training set.
2.2 Minimization of the Crystallographic Structure
Complex of HOE/BAY-793 and HIV-1 Protease
Hydrogen atoms were added to the crystallographic structure of HOE/BAY-793 and HIV-1 protease complex obtained from the Protein Data Bank (PDB code: 1VIJ) [20].
Energy minimization, using steepest descent and conjugate
gradient algorithms, were carried out until a gradient of
0.1 kcal · mol  1 · A  1 was reached. Four steps were used
successively: (a) minimization of the hydrogen atoms; (b)
minimization of the side-chains, keeping the backbone
fixed; (c) minimization of the backbone, keeping the sidechain fixed; and (d) minimization of the entire enzyme. All
minimization steps were performed in the CVFF force field
of the INSIGHTII software [21], applying a distancedependent dielectric function, er ¼ D*rij, which was set to
3*rij in order to try to model the solvent effect in the absence
of explicit solvent. In this expression, rij is the distance
between atoms i and j, and D is the scale factor of the
dielectric function.
2.3 Minimization of the HIV-1 Protease Complexes with
the 32 Compounds
The HOE/BAY-793 (Figure 1) crystallographic conformation was retrieved from the Protein Data Bank (PDB code:
1VIJ) [20] and used for modeling the 32 compounds of the
training and test sets. Three-dimensional models of each of
the 32 compounds reported in Table 1 were constructed
inside the active site of HIV-1 protease, using Builder
module of INSIGHTII software [21]. Subsequently, we
performed geometry optimizations of the all enzyme-ligand
complexes, keeping the backbone fixed, and using steepest
descent and conjugate gradient algorithms until a gradient
of 0.01 kcal · mol  1 · A  1 was reached. All minimization
steps were performed in the CVFF force field of the
INSIGHTII software [21], applying a distance-dependent
dielectric function (er), which was set to 3*rij. In order to
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obtain the partial atomic charges, the resultant geometry of
each compound was submitted to the AM1 semi-empirical
calculation using the AMPAC/MOPAC module from the
INSIGHTII software [21].
2.4 Molecular Dynamic Simulation
The AM1 optimized structures were the initial structures in
each molecular dynamic simulation (MDS). The MDS
resulting structures, were, then, used to construct the
conformational ensemble profile (CEP) of each ligand.
The MDS was performed using the 4D-QSAR program [22]
and the Molsim 3.0 software [23] with an extended MM2
force field [24]. The temperature for the MDS was set at
300 K, close to the temperature assays, with a simulation
sampling time of 50 ps, and intervals of 0.001 ps. Appling this
scheme, it was obtained a total sampling of 50000 conformations of each compound. The MDS calculations were
carried out applying a distance-dependent dielectric function, er ¼ D*rij, which was set to 3*rij in order to try to model
the solvent effect in the absence of explicit solvent. In
addition, the carbon atoms of the carbonyl groups (Figure 1,
atoms a-b-e-f), common to all compounds, were fixed
(frozen) to prevent a large conformational change of the
ligands in the absence of the protein structure.
2.5 Alignment Definition
The alignment is one of the most important steps in 3DQSAR methodologies (e.g. CoMFA and 4D-QSAR). In this
work, we will assume that all molecules bind to the enzyme
in a similar mode, since the compounds are structural
analogs. Three-ordered atom trial alignments were selected
in this study. In general, the alignments are chosen to span
the common framework of the molecules in the training and
test sets. Alignments using atoms from the right, left, and
middle of the common framework and alignments that use
atoms that span the common framework should be used to
ensure a complete alignment analysis [25]. The threeordered atom alignment definitions are (1) a-c-e, (2) b-d-e,
and (3) f-d-a (Figure 1), using compound 32 (HOE/BAY793) as a reference. The CEP for each compound was
obtained after the MDS step was overlaid onto a cubic
lattice of a selected grid cell size, according to each selected
alignment. The cubic lattice serves to record the distribution
of spatial occupancy of each atom of each ligand in the
training. We defined two cubic grid cell sizes: (a) the 2.0 
grid cell was used to test all alignments and select the best
one; and (b) the 1.0  grid cell was used for derived models
from the best alignment selected.
2.6 Interaction Pharmacophore Elements
The atoms of each compound were classified in seven types
of interaction pharmacophore elements (IPE), corresponding to atom types, which may occupy the grid cells, according
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Table 1. Structures of the 32 HIV-1 protease inhibitors [9]. Training set compound numbers are in bold and test set
compound numbers are in italic.
No.

P1/P1’
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P2/P2’

P3/P3’

No.

P1/P1’

P2/P2’
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Table 1. (cont.)
No.
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P2/P2’

P3/P3’

No.

P1/P1’
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Table 1. (cont.)
No.

P1/P1’

P2/P2’

P3/P3’

the 4D-QSAR methodology [12]. These IPEs correspond to
the interactions that may occur in the active site, and are
related to the pharmacophore groups. In this work, we have
selected the following trial set of interaction pharmacophores elements: i) any atom type (any); ii) nonpolar atom
(np); iii) atom of polar-positive charge density (p þ ); iv)
atom of polar-negative charge density (p  ); v) hydrogen
bond acceptor atom (hba); vi) hydrogen bond donor atom
(hbd); and vi) atoms in aromatic systems (ar). The occupancy of the grid cells by each IPE type is recorded over the
conformational assembly profile, and forms the set of grid
cell occupancy descriptors (GCOD), to be utilized as the
pool of trial descriptors in the model building and optimization process [12].
2.7 4D-QSAR Model Calculation: Data Reduction and
GA-PLS Approach
Partial least-squares (PLS) regression analysis was performed as a data (QSAR descriptors) reduction fit between
the observed dependent variable measures and the corresponding set of GCOD values. After this, we performed two
variable selections: in the first, GCODs that showed
variance (self-variance) values of up to zero were eliminated; and in the second, the variables where GCODs were
different from zero in three or less than three molecules
were excluded. These procedures were used to prune the
complete trial set of generated GCODs by identifying and
selecting only the most highly weighted GCODs.
The GCODs with the highest weight on each data bank
from the data reduction were optimized using a combined
genetic algorithm (GA) and partial least-squares (PLS)
approach [26], implemented in the 4D-QSAR program [22].
Their optimizations were initiated using 10000 randomly
generated models, each having initially four variables.
QSAR Comb. Sci. 2005, 24

No.

P1/P1’

P2/P2’

P3/P3’

Mutation probability over the crossover optimization cycle
was set at 100%. The smoothing factor, the variable that
specifies the number of descriptors in the QSAR models,
was varied in order to determine equations with no more
than six terms. Each alignment was evaluated using the
procedure described above.
The best models resultant of the 4D-QSAR study were
based on different criteria: i) the leave-one-out (LOO)
cross-validated correlation coefficient, or q2, currently used
as the preferred parameter of model fitness [27]; ii) number
of significant and independent 4D-QSAR models; iii)
indices of model significance including statistical measures
such as r2, standard error (SE), and lack-of-fit (LOF) [26],
and real prediction using the test set compounds (external
validation).
2.8 Bioactive Conformation Selection
The 4D-QSAR method is able to predicted the “active”
conformation of each compound in a training set, therefore,
this conformation and the corresponding alignment can be
used as the input for other 3D-QSAR methods (e.g.
CoMFA) [12]. In the 4D-QSAR method, the “active”
conformation can be postulated as the lowest-energy conformer state from the set sampled for each compound, which
predicted the maximum activity using the optimum 4DQSAR model [12]. This is achieved by first identifying all
conformer states sampled for each compound, that are
within DE of the global minimum energy conformation of
the CEP [12]. Only thermodynamically accessible conformations were considered, and, then, we determined which of
these possible conformations had the highest activity as
predicted by the model [12]. In this work we have tried a
DE ¼ 2.0 kcal/mol as a cutoff value.
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Table A. Cross-correlation coefficients of the residuals of the fit for the top-ten models obtained in the 4D-QSAR analysis using
alignment 3 and cubic grid cells of 1.0 .

Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod
Mod

1
2
3
4
5
6
7
8
9
10

Mod 1

Mod 2

Mod 3

Mod 4

Mod 5

Mod 6

Mod 7

Mod 8

Mod 9

Mod 10

1.000
0.562
0.998
0.710
0.724
0.816
0.672
0.807
0.850
0.705

1.000
0.562
0.755
0.882
0.848
0.673
0.844
0.418
0.785

1.000
0.708
0.723
0.814
0.660
0.808
0.846
0.695

1.000
0.826
0.837
0.682
0.830
0.594
0.756

1.000
0.961
0.765
0.959
0.616
0.862

1.000
0.771
0.996
0.690
0.874

1.000
0.759
0.618
0.895

1.000
0.690
0.874

1.000
0.647

1.000

3 Results

Model 2

3.1 Alignments 1, 2 and 3 Using Grid Cells of 2.0 

pIC50 ¼ 9.03  68.32 (-6,5,0,any)  4.63 (-1,3,14,any) þ 38.23
(-3,6,0,any)  21.80 (3,4,5,np)  1.88 (-2,3,17,any) þ 3.90
(3,6,17,ar)
(2)
n ¼ 28 r2 ¼ 0.89 SE ¼ 0.09 q2 ¼ 0.85 LOF ¼ 0.38

As shown in Figure 1, three-ordered atoms alignments were
applied in the 4D-QSAR study: (1) a-c-e, (2) b-d-e, and (3) fd-a. Considering local lattices represented by cubic grid cell
of 2.0 , alignment 1 and 2 exhibited the poorest performance (q2 < 0.5) and an excessive number of terms (9 – 15
descriptors) in each equation (model). Evaluating the
statistical quality of the models in terms of q2 and number
of terms, we selected alignment 3 as the best alignment,
which used a grid cell of 2.0  (Figure 1). In this alignment,
we started using a grid cell of 1.0  in order to derive 4DQSAR models, and no significant increase in predictive
ability was observed after the seventh GCOD. Thus, from
this point forward, only the results obtained from alignment
3 using cubic grid cells of 1.0  are discussed.
3.2 Best Models from Alignment 3 Using Grid Cells of
1.0 
The best models from alignment 3 had good predictive
abilities (q2 ¼ 0.75 – 0.89) and squared coefficient of linear
correlation (r2) between 0.84 – 0.90. The cross-correlation
matrix of the residuals of fit of the top-ten models after the
GA-PLS optimization step is given in Table A (Supplementary Material). A coefficient of linear correlation (r)
greater than 0.7 indicates that two models are highly
correlated and may be considered to represent the training
set in the same manner [12]. The matrix in Table A
(Supplementary Material) indicates that there are at least
three unique models among the top-ten models for alignment 3: Models 1, 2, and 7, which are given as Eqs. 1, 2, and 3,
respectively.
Model 1
pIC50 ¼ 8.88  64.25 (-6,5,0,any)  4.42 (-1,3,14, any) þ 34.01
(-3,6,0,any) 21.03 (3,4,5,np) þ 2.21 (4,3,1,any) þ 53.48
(6,8,14,np)
(1)
n ¼ 28 r2 ¼ 0.90 SE ¼ 0.08 q2 ¼ 0.86 LOF ¼ 0.36
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Model 7
pIC50 ¼ 8.84  52.40 (-6,5,0,any) þ 22.57 (-1,-2,1,any)  3.80
(-1,3,14,any) þ 12.73 (-3,4, 1,np)  54.80 (3,6,4,any)
(3)
n ¼ 28 r2 ¼ 0.85 SE ¼ 0.13 q2 ¼ 0.83 LOF ¼ 0.42
The GCODs (-3,6,0,any), (-3,4,-1,np), (-1,-2,1,any),
(3,6,17,ar), (4,3,1,any), and (6,8,14,np), presenting positive
coefficients (Eqs. 1 – 3), correspond to favorable interactions between the molecule substituent and amino acid
residues in the active site of HIV-1 protease. Therefore,
substituents in these positions increase the potency of
the compounds. The GCODs (-6,5,0,any), (-2,3,17,any),
(-1,3,14,any), (3,4,5,np), and (3,6,4,any), presenting negative coefficients (Eqs. 1-3), correspond to unfavorable
interactions between the molecule substituent and amino
acid residues in the active site of HIV-1 protease. Therefore,
substituents in these positions decrease the potency. The
most important GCODs should be (-6,5,0,any) and
(-1,3,14,any) since they were most frequently selected by
the GA analysis and present in the three best models
(Models 1, 2, and 7). The second most important GCODs
should be (-3,6,0,any) and (3,4,5,np), present in two of the
three best models (Models 1 and 2). Therefore, the occupation of these GCODs is fundamental for the activity.
In order to gain a better understanding of the behavior of
the data fitted to the models, the cross-correlation matrix
among the different GCODs in Models 1, 2, and 7 are given
in Table B (Supplementary Material). There are correlation
(r > 0.7) between three pairs of GCODs: (-6,5,0,any) and
(-3,6,0,any) (r ¼ 0.770); (-3,4,-1,np) and (-3,6,0,any)
(r ¼ 0.838); and (3,6,4,any) and (3,4,5,np) (r ¼ 0.936). The
only pair of correlated GCODs that occurs in the same
model (Models 1 and 2) is the first one. Interrelated
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Table B. Cross-correlation coefficients of the GCODs of Models 1, 2, and 7 obtained in the 4D-QSAR analysis using alignment 3 and
cubic grid cells of 1.0 .

(-6,5,0,any)
(-1,3,14,any)
(-3,6,0,any)
(3,4,5,np)
(4,3,1,any)
(6,8,14,np)
(-1,-2,1,any)
(-3,4,-1,np)
(3,6,4,any)
(-2,3,17,any)
(3,6,17,ar)

(-6,5,0,
any)

(-1,3,14,
any)

(-3,6,0,
any)

(3,4,5,
np)

(4,3,1,
any)

(6,8,14,1
np)

(-1,-2,1,
any)

(-3,4,-1,
np)

(3,6,4,
any)

(-2,3,17,
any)

(3,6,17,
ar)

1.000
 0.120
0.770
0.141
0.212
 0.011
 0.044
0.612
0.078
 0.005
0.166

1.000
 0.085
0.100
0.020
 0.138
0.035
 0.152
0.204
 0.118
 0.218

1.000
0.194
0.322
0.009
 0.016
0.838
0.093
 0.054
 0.002

1.000
 0.132
 0.027
0.437
0.100
0.936
0.022
 0.033

1.000
0.212
0.455
0.381
 0.133
 0.005
 0.060

1.000
0.160
0.012
 0.063
 0.124
 0.109

1.000
0.066
0.509
 0.119
0.085

1.000
0.052
 0.104
0.080

1.000
 0.039
 0.060

1.000
0.213

1.000

Table 2. Observed and predicted pIC50 values and residual values for the training (bold) and test (italic) set compounds using Models 1, 2
and 7 (alignment 3 and cubic grid cells of 1.0 ).
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

pIC50
Observed
8.66
6.44
8.54
9.40
7.75
6.85
9.00
9.52
9.30
8.77
9.52
9.40
7.00
9.52
9.13
6.47
9.07
8.85
7.66
8.70
8.89
7.82
7.42
9.05
8.50
9.47
9.10
8.16
8.40
8.40
9.10
9.52

Model 1

Model 2

Predicted

Residual

Predicted

Residual

Predicted

Residual

8.71
6.34
8.58
8.89
7.92
6.75
9.12
9.54
9.18
8.94
9.41
9.41
7.38
9.08
9.01
6.23
8.87
8.54
7.57
8.80
8.87
7.75
7.49
8.87
8.73
9.52
8.73
8.84
8.71
8.80
8.87
8.94

0.052
 0.096
0.044
 0.506
0.178
 0.098
0.129
0.018
 0.114
0.172
 0.109
0.016
0.388
 0.440
 0.110
 0.235
 0.192
 0.311
 0.083
0.104
 0.008
 0.069
0.075
 0.167
0.242
0.051
 0.359
0.693
0.320
0.409
 0.218
 0.576

8.82
6.40
8.68
9.41
7.78
6.82
9.11
8.84
9.11
8.97
8.91
9.24
7.08
9.28
9.17
6.33
9.03
8.67
7.56
8.94
9.03
7.69
7.56
9.01
8.81
8.96
8.84
8.96
8.58
8.95
9.22
9.25

0.168
 0.035
0.147
0.013
0.035
 0.028
0.113
 0.683
 0.183
0.204
 0.606
 0.156
0.083
 0.239
0.045
 0.137
 0.040
 0.175
 0.092
0.247
0.145
 0.132
0.143
 0.026
0.316
 0.509
 0.255
0.812
0.183
0.559
0.124
 0.267

9.05
6.47
9.12
9.39
8.08
6.64
9.30
8.96
8.94
9.06
9.58
8.82
7.38
9.07
9.32
6.51
8.84
8.55
7.48
8.33
8.84
7.82
7.40
8.88
8.72
8.79
8.72
8.81
8.82
8.78
8.96
8.95

0.395
0.024
0.585
 0.005
0.341
 0.211
0.300
 0.556
 0.358
0.294
0.060
 0.576
0.380
 0.452
0.197
0.043
 0.229
 0.301
 0.174
 0.361
 0.045
0.000
 0.011
 0.159
0.225
 0.673
 0.376
0.656
0.424
0.383
 0.128
 0.566

independent variables occur in both the same model and in
different models, which is not surprising because many
models (Table A, Supplementary Material) are highly
correlated with one another. This behavior was also
observed in a different data set [13].
QSAR Comb. Sci. 2005, 24

Model 7

3.3 Outliers
The calculated pIC50 values for the training (28 compounds)
and test set (four compounds) were computed using Eqs. 1,
2, and 3. The residual values were calculated as the observed
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less calculated activity (Table 2). The observed and calculated pIC50 values are plotted in Figure 2 for training and test
sets.
To establish outlier compounds, the standard deviations
(SD) of the residuals from the training set (28 compounds)
were computed. Outliers are defined as compounds whose
residuals are more than twice the SD of the residual of fit.
Analyses of the data showed that Model 1 (Eq. 1) has two
outliers (compounds 28 and 32), Model 2 (Eq. 2) has also
two outliers (compounds 8 and 28), and Model 7 (Eq. 3)
does not have any outlier at all.
The template structure used in this 4D-QSAR study,
HOE/BAY-793 (compound 32), is an outlier compound
according Model 1. Since there is no reasonable explanation
this behavior, Model 1 was excluded and only Models 2 and
7 were discussed.

4 Discussion
4.1 Interpretation of Models 2 and 7

Figure 2. Plot of pIC50 calculated versus pIC50 experimental from
the 32 compounds in the Models 1, 2 and 7 (alignment 3 and cubic
grid cells of 1.0 ).

248

A graphic representation of the 3D-pharmacophore embedded in 4D-QSAR Models 2 and 7 is shown in Figure 3
using compound 32 as a reference. Light and dark spheres
represent GCODs with positive and negative coefficients,
respectively, in accordance with Eqs. 2 (Model 2) and 3
(Model 7). Each GCOD is labeled as “x, y,z,IPE” which
represent the Cartesian coordinates position of the selected
grid cell (x, y,z) and the respective atom type (IPE).
GCODs (3,4,5,np) and (3,6,4,any), which are highly
interrelated (r ¼ 0.936), are located near the P1 site of
Models 2 and 7, respectively (Figure 3). They are located at
almost the same region of space. The only difference
between them is that the first GCOD represents the nonpolar atom type closest to the P1 site, while the second
represents the other any atom types. These grid cells show
the highest frequency of occupation for compounds 2, 5, and
6, which belong to compounds 1-7 and 32. They differ only in
the P1/P1’ substituent (Table 1). Since the coefficients of
these GCODs are negative, the P1/P1’ substituents of
compounds 2, 5, and 6 are detrimental to the activity. This
decrease in potency suggests a steric limitation in this region
of the receptor for nonpolar substituents greater than benzyl
group and a favorable region of the receptor for a hydrogenbonding interaction.
In fact, the P1/P1’ side chains are more important for
activity in cell culture than for enzyme inhibition as
demonstrated by compound 1 which, though lacking the
P1/P1’ side chain, is highly active on the enzyme (IC50 ¼
2.2 nM) and almost inactive in cell culture (EC50 ¼
10.000 nM) [9].
GCOD (-1,3,14,any) is located close to the P3 site of
Models 2 and 7 (Figure 3). This grid cell represents a nonspecific atom type (IPE) and shows the highest frequency of
occupation, again for compounds 2, 5 and 6. Since the
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Figure 3. Models 2 and 7 obtained by 4D-QSAR (alignment 3 and cubic grid cells of 1.0 ) using compound 32 as a reference. Light
spheres indicate activity-enhancing pharmacophore sites and dark spheres indicate activity-decreasing pharmacophore sites. The
hydrogen atoms are omitted for clarity. GCODs are labeled as (x, y,z,IPE) which means the Cartesian coordinates position of the selected
grid cell (x, y,z) and the respective atom type (Interaction Pharmacophore Element, IPE).

coefficient of this GCOD is negative, the P3/P3’ substituents
of compounds 2, 5, and 6 are detrimental to the activity.
However, these substituents are not directly responsible for
the decrease in potency because we could observe a spatial
interference, i.e., intramolecular interactions, between the
P1 and the P3 substituents. Compounds 5 and 6 have one
intramolecular hydrogen bond between the oxygen atom of
the tert-butyl-sulfonyl (t-Bu-SO2) group (P3) and the amino
group of phenylalanine (P1), while compound 2 has two (P3/
P1 and P3’/P1’). Additionally, compound 2 has a p-staking
interaction between the phenyl group (P1) and the naphthyl
(P3) aromatic ring.
GCOD (-6,5,0,any) is located close to the naphthyl group
in the P3’ site of Models 2 and 7 (Figure 3), and represents a
non-specific atom type (IPE). GCODs (-3,6,0,any) and
(-3,4,-1,np) are also located near the naphthyl group in the
P3’ site of Models 2 and 7, respectively (Figure 3), where the
first GCOD represents an unspecific atom type IPE while
the second represents a nonpolar atom type. All of them are
interrelated to some extent (Table B, Supplementary Material). The grid cell (-6,5,0,any), however, has a negative
coefficient which decreases the potency of the compounds,
while the GCODs (-3,6,0,any) and GCOD (-3,4,-1,np) have
positive coefficients, increasing their potency. Therefore, we
have always a pair of grid cells with opposite effects in P3’
site, indicating that small movements in the naphthyl ring
will be able to increase or decrease the potency. The P3’
substituent might be directly responsible for this behavior;
QSAR Comb. Sci. 2005, 24

e.g. compound 23, which has the highest frequency of
occupation of GCODs (-6,5,0,any) and (-3,6,0,any). On the
other hand, P1’ and P2’ might be indirectly responsible for
this behavior, since the highest frequency of grid cell (6,5,0,any) occupation was found for compounds 6, 13, and 16
and also for compounds 6 and 12 in the case of grid cell
(-3,6,0,any). This indirect influence between the P1’/P3’ sites
was also observed in the previous discussion of GCOD
(-1,3,14,any) at P3 site. Overall, the potency of the
compounds depends on the size and type of the substituents
at these positions (P1’, P2’ and P3’), indicating that
substituents other than P3’ may have influence at P3’ site.
In other words, they might be responsible for favorable or
unfavorable steric interactions in this region of the receptor.
GCOD (3,6,17,ar) is located near the proximal ring of the
naphthyl group in P3 site of Model 2, and corresponds to an
aromatic type (IPE). This grid cell shows the highest
frequency of occupation for compounds 4 and 31, suggesting
a hydrophobic region in the receptor close to this ring.
Because the coefficient of this grid cell is positive, potential
inhibitors would benefit from the exploitation of this region
with others types of aromatic groups. In addition, the region
involving GCOD (-1,-2,1,any), located next to the naphthyl
ring in P3’ site of Model 7, and also with a positive regression
coefficient, confirms the importance of this site for the
increase of the potency of these compounds.
GCOD (-2,3,17,any) is located near the sulfonyl group in
the P3 site of Model 2, and represents a non-specific atom
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Figure 4. Superimposition of compounds 31 (gray) and 32 (black). The gray and black arrows indicate the methyl-sulfonyl and tertbutyl-sulfonyl groups, respectively. Light spheres indicate activity-enhancing pharmacophore sites and dark spheres indicate activitydecreasing pharmacophore sites. The hydrogen atoms are omitted for clarity. GCODs are labeled as (x, y,z,IPE) which means the
Cartesian coordinates position of the selected grid cell (x, y,z) and the respective atom type (Interaction Pharmacophore Element, IPE).

type (IPE). In all compounds in which this grid cell shows the
highest frequency of occupation, e.g. 1, 5, 7, 10, 12, 29, and
31, there is a t-Bu-SO2 substituent located in the P3/P3’
position. This is detrimental to their potency, since this
GCOD has a negative regression coefficient. This occurs
because these compounds adopt a conformation modulated
by intramolecular interactions between groups of the P1 and
P3 sites, as described earlier, modifying the preferential
orientation of the sulfonyl group.
It is important to have in mind that not all compounds
having the t-Bu-SO2 group are occupying this grid cell and
that analogues having other substituents do not occupy this
grid cell. Anyway, GCOD (-2,3,17,any) has no great weight
in the potency of the compounds as the magnitude of its
regression coefficient is just 1.88 (Eq. 2). In order to
illustrate the occupancy of this GCOD, Figure 4 shows a
superimposition between compounds 31 (pIC50 ¼ 9.09) and
32 (pIC50 ¼ 9.52), which differ only at the P3/P3’ site.
Compound 31 has the highest frequency of occupation for
GCOD (-2,3,17,any) while compound 32 does not have any
frequency of occupation at all.
4.2 External Validation of Models 2 and 7
The test data set (compounds 16, 19, 25, and 31) was used in
order to evaluate the predictive ability of the Models 2 and
7, since it was not included in the development of the 4DQSAR models. The observed and predicted pIC50 values
and the residues of the fit for the test set are show in Table 2.
It is interesting to see how well the experimentally observed
activity agrees with the predicted one. Considering only the
test set compounds, the standard deviation (SD) of the
residuals computed by Eq. 2 is equal to 0.21 while for Eq. 3,
the SD is equal to 0.18.
4.3 Postulated 4D-QSAR Bioactive Conformation
The 4D-QSAR methodology postulates as the “active”
conformation the lowest-energy conformer state from the
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set sampled for each compound, which maximize the
predicted activity value using the best 4D-QSAR model
[12]. In this work, DE was set at 2.0 kcal/mol. Therefore, the
bioactive conformation of compound 32 was selected from
Models 2 and 7 (a unique conformation), and it was assumed
to be the bioactive conformation for this compound in this
series of inhibitors. In addition, the postulated bioactive
conformation of 32 was docked (Figures 5 and 6) into the
region occupied by the crystallographic structure of 32
(HOE/BAY-793) complexed with HIV-1 protease [20].
We superimposed the bioactive conformation of compound 32 and its complexed crystallographic structure [20],
as shown in Figure 5, considering the four carbon atoms
from the carbonyl groups (Figure 1). We observed a very
similar orientation for the P1’, P2’ and P3’ substituents.
However, on the P1, P2 and P3 sites, it showed a different
orientation. The root-mean-square (RMS) deviation was
equal to 0.083 .
Figure 5 shows the GCODs of Model 2 with a frequency
of occupation higher than zero for compound 32. Therefore,
we can see only GCODs (3,6,17,ar) and (-3,6,0,any), both
with positive coefficients, corresponding to substituents of
P3 and P3’, respectively. The amino acid residues, which
define the binding pocket of compound 32 into the HIV-1
protease active site around these two GCODs, were
designated in Figure 5. Substituents of compound 32
occupying GCOD (3,6,17,ar) are proximal to three polar
residues, namely, the side chains of Arg8, Asp29, and
Arg87, and those occupying GCOD (-3,6,0,any) are proximal to two apolar residues, namely, the side chains of Pro81
and Val82. Therefore, future inhibitor design studies should
focus on the length and volume of the substituents (P3/P3’)
in the aromatic region related to GCOD (3,6,17,ar), in order
to avoid repulsive steric interactions or steric hindrance
predicted by GCOD (-3,6,0,any), close to the side chain of
Pro81 and Val82.
In addition, in Figure 6, the five hydrogen bond interactions observed after the docking of the bioactive conformation of compound 32 into the active site of HIV-1
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Figure 5. The bioactive conformation of compound 32 (gray) postulated by the best 4D-QSAR models (Model 2 and 7) superimposed
to the crystallographic structure of HOE/BAY-793 (black) into the active site of HIV-1 protease (PDB code: 1VIJ) [20]. The spheres
represent the GCODs of compound 32 according Model 2 and the only protein residues shown (black) are those in around these GCODs.
Light spheres indicate activity-enhancing pharmacophore sites. The hydrogen atoms are omitted for clarity. GCODs are labeled as
(x, y,z,IPE) which means the Cartesian coordinates position of the selected grid cell (x, y,z) and the respective atom type (Interaction
Pharmacophore Element, IPE).

Figure 6. Representation of postulated bioactive conformation the compound 32 (gray) after docking into the active site of the crystal
structure of HIV-1 protease (PDB code: 1VIJ) [20] showing the protein residues (black) participating in hydrogen bonding with 32. The
spheres represent heteroatoms involved in hydrogen bonding. The hydrogen atoms are omitted for clarity.

protease are shown. Considering the direction from P3 to
P3’ of 32 (Figures 1 and 6), the hydrogen bonds are between
the P3 terminal t-Bu-SO2 group and the backbone-NH
group of Gly48 (1.82 ); the P3 amide-carbonyl group and
the backbone-NH group of Asp29 (2.31 ); the P1’ hydroxyl
group and the carboxyl group of Asp25’ (2.39 ); the P2’
amide-NH group and the backbone-carbonyl group of
Gly48’ (2.23 ), and the P3’ terminal t-Bu-SO2 group and
the backbone-NH group of Asp29’ (2.04 ).
In resemblance, the crystallographic conformation of 32
[20] shows seven hydrogen bond interactions in the active
site of HIV-1 protease: two with Gly48 (P3-SO2 and P2-NH
groups), one with Asp29 (P3-carbonyl group), one with
Gly27 (P1-hydroxyl group), one with Asp25’ (P1-hydroxyl
group), and two with Asp25 (P1’-hydroxyl group). It is
QSAR Comb. Sci. 2005, 24

interesting to note that, although the best superimposition
between the postulated bioactive conformation of 32 and its
crystallographic bounded conformation to be observed for
residues of P’ side (Figure 5), the hydrogen bonding pattern
of the docked postulated bioactive conformation is similar
to that of the crystallographic structure at P side and not at P’
side.

5 Concluding Remarks
In the present study, we built and evaluated 4D-QSAR
models for HIV-1 protease inhibitors, based on a series of
HOE/BAY-793 analogues, a diaminodiol inhibitor. The
models, generated from the best alignment (alignment 3)
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selected from the three trial alignments, reflect a mutual
superposition of the ligands along with their relative
orientation towards the binding pocket. It should be pointed
out that the starting structure of each ligand was constructed
and minimized inside the active site of the HIV-1 crystallographic structure [20], replacing the bounded structure of
the reference compound (HOE/BAY-793, compound 32). In
this way, information about the geometry of the binding
pocket was indirectly included in the models developed by
the 4D-QSAR approach.
In the best 4D-QSAR models, namely Models 2 and 7,
from alignment 3 using a grid cell of 1.0 , we observed a
decrease in the potency related to GCODs (3,4,5np) and
(3,6,4,any), suggesting a receptor steric limitation around
the P1/P1’ sites for nonpolar substituents greater than
benzyl groups but, at the same time, a receptor favorable
region for hydrogen-bonding interactions.
In the P3/P3’ sites, we observed an increase in the potency
related to GCODs (3,6,17,ar), (-3,6,0,any), and (-3,4,-1,np)
and, at the same time, a decrease in the potency related to
GCOD (-6,5,0,any), all of them related to the naphthyl
group, thus indicating that small movements in this aromatic
ring may increase or decrease the potency. Compounds 29
(no substituent, pIC50 ¼ 8.39) and 25 (benzyl, pIC50 ¼ 8.49),
which differ only at the Ca-substituent at the P3/P3’ site, are
almost equipotent, while compound 32 is one logarithm
unity more potent (naphthyl, pIC50 ¼ 9.52). A decrease in
potency related to the GCOD (-2,3,17,any), which corresponds to the t-Bu-SO2 group), was also observed in the P3/
P3’ site.
In addition, we noted a preferential orientation for P3/P3’
substituents (e.g. naphthyl and t-Bu-SO2 groups), modulated by intramolecular interactions between groups at the
P1 and P3 (P1’ and P3’) sites; e.g., compound 2 has two
intramolecular hydrogen bond interactions (P1/P3 and P1’/
P3’) and a p-staking interaction between the aromatic rings
of the P1 and P3 sites.
Unfortunately, since we could not find any correlation
between the P2/P2’ sites and the GCODs from Models 2 and
7, they could not be explored in our 4D-QSAR analysis.
However, P2’ (and P1’) may be indirectly responsible for the
opposite effects of the pair of GCODs at P3’ site, since the
highest frequency of occupation of grid cell (-6,5,0,any) was
found for compounds 6, 13, and 16 and also for compounds 6
and 12 in the case of GCOD (-3,6,0,any).
Moreover, the lowest-energy conformer state which
maximize the predicted activity value using the best 4DQSAR models (Models 2 and 7) was docked into the active
site of the HIV-1 protease, and it is clear that the postulated
bioactive conformation of 32 is well accommodated and
shares a similar binding mode when compared to the
crystallographic structure of the HIV-1 protease complex
(PDB code: 1VIJ).
Finally, these studies showed that molecular modification
at the P1/P1’ and P3/P3’ sites on the core structure of
compound 32 may lead to an increase in the potency,
252

generating more powerful inhibitors. Concerning the P1/
P1’position, polar and hydrophilic groups should be preferred for two reasons: because they are not very bulky; and
because GCOD (3,4,5,np), detrimental to the potency,
showed the highest frequency of occupation for hydrophobic substituent. Therefore, we propose the application of
the Eqs. 2 and 3 for compounds with modification in the P1/
P1’ site by hydrophobic substituents no greater than benzyl
groups (e.g. phenyl, 1-naphthyl and 2-naphthyl) or by
hydrophilic substituents.
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Pesquisa do Estado do Rio de Janeiro (FAPERJ) for their
support. We thank to Prof. A. J. Hopfinger who kindly
supplied the 4D-QSAR program for academic use.

References
[1] C. R. Ogden, C. W. Flexner, Protease Inhibitors in AIDS
Therapy. Marcel Dekker, Inc. New York, Basel, 2001.
[2] R. C. Gallo, L. Montagnier, Sci. Am. 1988, 259, 40 – 48.
[3] N. E. Kohl, E. A. Emini, W. A. Schleif, L. J. Davis, J. C.
Heimbach, R. A. F. Dixon, E. M. Scolnick, I. S. Sigal, P. Natl.
Acad. Sci. USA 1988, 85, 4686 – 4690.
[4] L. H. Pearl, W. R. Taylor, Nature 1987, 328, 482.
[5] J. S. Bardi, I. Luque, E. Freire, Biochemistry-US 1997, 36,
6588 – 6596.
[6] A. Brik, C. H. Wong, Org. Biomol. Chem. 2003, 1, 5 – 14.
[7] I. Katoh, T. Yasunaga, Y. Ikawa, Y. Yoshinaka, Nature 1987,
329, 654 – 656.
[8] R. Garg, S. P. Gupta, H. Gao, A. K. Debnath, Chem. Rev.
1999, 99, 3525 – 3601.
[9] K. H. Budt, A. Peyman, J. Hansen, J. Knolle, C. Meichsner,
A. Paessens, D. Ruppert, B. Stowasser, Bioorgan. Med. Chem.
1995, 3, 559 – 571.
[10] P. Gayathri, V. Pande, R. Sivakumar, S. P. Gupta, Bioorgan.
Med. Chem. 2001, 9, 3059 – 3063.
[11] M. Akamatsu, C. Yamagami, N. Motohashi, Bioorgan. Med.
Chem. Lett. 2002, 12, 2281 – 2285.
[12] A. J. Hopfinger, S. Wang, J. S. Tokarski, B. Jin, M. Albuquerque, P. J. Madhav, C. J. Duraiswami, J. Am. Chem. Soc.
1997, 119, 10509 – 10524.
[13] M. G. Albuquerque, A. J. Hopfinger, E. J. Barreiro, R. B. de
Alencastro, J. Chem. Inf. Comp. Sci. 1998, 38, 925 – 938.
[14] M. Ravi, A. J. Hopfinger, R. E. Hormann, L. Dinan, J. Chem.
Inf. Comp. Sci. 2001, 41, 1587 – 1604.
[15] O. A. Santos-Filho, A. J. Hopfinger, J. Comput. Aided Mol.
Des. 2001, 15, 787 – 810.
[16] D. H. Pan, Y. F. Tseng, A. J. Hopfinger, J. Chem. Inf. Comp.
Sci. 2003, 43, 1591 – 1607.
[17] X. Hong, A. J. Hopfinger, J. Chem. Inf. Comp. Sci. 2003, 43,
324 – 336.

 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

QSAR Comb. Sci. 2005, 24

594
Elaine Fontes Ferreira da Cunha et al.

[18] M. Iyer, R. Mishru, Y. Han, A. J. Hopfinger, Pharm. Res.
2002, 19, 1611 – 1621.
[19] M. D. Krasowski, X. Hong, A. J. Hopfinger, N. L. Harrison, J.
Med. Chem. 2002, 45, 3210 – 3221.
[20] G. Lange-Savage, H. Berchtold, A. Liesum, K. H. Budt, A.
Peyman, J. Knolle, J. Sedlacek, M. Fabry, R. Hilgenfeld, Eur.
J. Biochem. 1997, 249, 912 – 912.
[21] Accelrys Inc., 9685 Scraton Road, San Diego, CA 92121-3752,
USA
[22] 4D-QSAR Users Manual v.1.00. The Chem21 Group Inc.,
1780 Wilson Dr., Lake forest, IL 60045, 1997.

QSAR Comb. Sci. 2005, 24

[23] MOLSIM Users Guide v.3.0. Doherty DC & The Chem21
Group Inc., 1780 Wilson Dr., Lake Forest, IL 60045, 1997.
[24] S. J. Weiner, P. A. Kollman, D. T. Nguyen, J. Comput. Chem.
1986, 7, 230 – 252.
[25] N. C. Romeiro, M.G. Albuquerque, R. B. Alencastro, A. J.
Hopfinger, Construction of 4D-QSAR Models for Use in the
Design of Novel p38-MAPK Inhibitors, 2004. (Submitted)
[26] D. Rogers, A. J. Hopfinger, J. Chem. Inf. Comp. Sci. 1994, 34,
854 – 866
[27] C. L. Senese, A. J. Hopfinger, J Chem. Inf. Comp. Sci. 2003,
43, 2180 – 2193.

 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

253

2482

J. Med. Chem. 2003, 46, 2482-2493

Annexure - 5

Novel Indolyl Aryl Sulfones Active against HIV-1 Carrying NNRTI Resistance
Mutations: Synthesis and SAR Studies
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The potent anti-HIV-1 activities of L-737,126 (2) and PAS sulfones prompted us to design and
test against HIV-1 in acutely infected MT-4 cells a number of novel 1- and 3-benzenesulfonylindoles. Indoles belonging to the 1-benzenesulfonyl series were found poorly or totally
inactive. On the contrary, some of the 3-benzenesulfonyl derivatives turned out to be as potent
as 2, being endowed with potencies in the low nanomolar concentration range. In particular,
(2-methylphenyl)sulfonyl (72) and (3-methylphenyl)sulfonyl (73) derivatives showed EC50 values
of 1 nM. Introduction of two methyl groups at positions 3 and 5 of the phenyl ring of 2 furnished
derivatives (80 and 83) which showed very potent and selective anti-HIV-1 activity not only
against the wt strain, but also against mutants carrying NNRTI-resistant mutations at positions
103 and 181 of the reverse transcriptase gene.
Introduction

Chart 1

Current drugs effective against the HIV-1 reverse
transcriptase (RT) are classified according to their
structure as nucleoside (NRTIs) and non-nucleoside
reverse transcriptase inhibitors (NNRTIs).1 NRTIs, such
as AZT, ddC, ddI, and 3TC, interfere with the enzyme
activity following metabolic activation to the triphosphate forms and incorporation into the growing DNA
strand, which causes premature chain termination. On
the contrary, NNRTIs do not require preliminary phosphorylation and are less toxic than nucleoside analogues
because they do not affect the activity of cellular
polymerases. However, NNRTIs give rise to the rapid
emergence of drug-resistant strains which are crossresistant to other inhibitors within the class. Development of new NNRTIs effective against current clinical
resistant strains is, therefore, highly pursued.
Following the discovery of the nitrophenyl phenyl
sulfone (NNPS, 1),2 new derivatives (such as L-737,126,
2) have been described which were characterized by the
substitution of the nitrophenyl moiety with a 5-chloro1H-indol-3-yl-2-carboxyamide3 (Chart 1). Although
L-737,126 turned out to be one of the most potent and
selective NNRTIs ever known, its poor solubility hindered further development. Compounds more potent
than NNPS have also been obtained following the
replacement of the benzene ring with pyrrole4,5 (e.g., the
1H-pyrrol-1-yl aryl sulfones (PASs) 3 and 4). In this
case, the presence of a p-chloroanilino moiety was
determinant for their potency and selectivity.

Chart 2

* Corresponding authors: R. S.: phone +39 06 4991 3800; fax +39
06 491 491; e-mail: romano.silvestri@uniroma1.it; P. L. C.: phone:
+39 070 675 4148; fax +39 070 675 4210; e-mail: placolla@unica.it.
† Università di Roma “La Sapienza”.
‡ Università di Siena.
§ Cooperative Laboratory Idenix - Università di Cagliari.
| Dipartimento di Biologia Sperimentale, Università di Cagliari.

To our knowledge, no attempts have been published
reporting SAR investigations on indolyl sulfones. Therefore, we designed, synthesized, and evaluated in vitro
the anti-HIV-1 activity of novel indolyl aryl sulfones
(IASs). The aim was to investigate the effect of the
following structural changes: (i) the shift of the benzene
sulfonyl moiety from position 3 to position 1 of the indole
ring; (ii) the modification of the carboxyamide side chain
and its shift from position 2 to position 3 (Chart 2); (iii)
the introduction of different substituents on the phenyl
ring; (iv) the replacement of phenyl ring with a pchloroanilino pharmacophore. The most potent derivatives were also tested for activity against HIV-1 strains
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Scheme 1a

a Reagents and reaction conditions. a: t-BuOK, 18-crown-6, THF, r.t., 3.5 h; b: KOH, EtOH-THF 1:1, r.t., 4 h; c: CDI, THF, r.t., 2 h,
then NH3(g), r.t., 1 h; d: CDI, THF, r.t., 2 h, then NH2NH2‚H2O, r.t., 1 h; e: (COCl)2, AlCl3, CH2Cl2, 0 °C to r.t., 2 h; f: NH3(g), DMF, r.t.,
1 h; g: EtOH, NaHCO3, r.t., overnight; h: i-PrOH, NaHCO3, r.t., overnight; i: Fe, MeCOOH, 60 °C, 2 h.

carrying some of the most clinically relevant mutations
conferring resistance to NNRTIs.

Scheme 2a

Chemistry
The synthesis of 1-arylsulfonyl-1H-indole derivatives
is depicted in Scheme 1. Compounds 5-7 and 12-16
were prepared by reaction of indole or ethyl indole-2carboxylate with appropriate arylsulfonyl chlorides in
the presence of potassium tert-butoxide and 18-crown6. Amino derivative 17 was obtained by iron powder
reduction of 16 in glacial acetic acid. Reaction of
1-phenylsulfonyl-1H-indole (5) or its 5-chloro derivative
12 with oxalyl chloride in the presence of anhydrous
aluminum trichloride6 afforded the corresponding 3-carbonyl chlorides, which were transformed into 10, 18, and
11, 19 by reaction with ethanol or 2-propanol, respectively, in the presence of sodium hydrogen carbonate,
or into amides 22 and 23 by reaction with ammonia.
Alkaline hydrolysis of the esters 6 or 13 furnished the
corresponding acids which were transformed into amides
the 20 and 21 by reaction with 1,1′-carbonyldiimidazole
and subsequent displacement of the related imidazolides
with gaseous ammonia. The hydrazide 24 was prepared
similarly by using hydrazine hydrate.
The synthesis of 3-arylthio-1H-indole and the corresponding 3-arylsulfonyl derivatives is depicted in Scheme
2. The required 3-arylthio-1H-indole-2-carboxylates were
prepared by reaction of proper arylthiodisulfides with
1H-indole-2-carboxylic acids in the presence of sodium
hydride according to the Atkinson method7 and subsequent esterification of the 3-arylthio-1H-indole-2-carboxylic acids with (trimethylsilyl)diazomethane. Esters
26, 27, 29-33, and 36 were prepared according to this
procedure. The intermediates 3-arylthio-1H-indole-2carboxylic acids were purified with some difficulty by

a Reagents and reaction conditions. a: ArS-SAr, NaH, DMF,
50 °C, overnight, N2 stream; b: (trimethylsilyl)diazomethane, CH2Cl2, r.t., 90 min; c: N-(ArS)succinimide, BF3‚Et2O, CH2Cl2, r.t., 2
h, then 45 °C, 2 h, Ar stream; d: MCPBA, CHCl3, r.t., 1 h; e: 30%
NH4OH, NH4Cl, sealed tube, 100 °C, overnight; f: NH2NH2‚H2O,
EtOH, 60 °C, 1.5 h.
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Scheme 3a
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Table 2. Cytotoxicities and Anti-HIV-1 Activities of Sulfides
25, 93-96, and Sulfones 39, 97-99a

a Reagents and reaction conditions. a: NaBH , THF-H O,
4
2
60 °C, 2 h.

Table 1. Cytotoxicities and Anti-HIV-1 Activities of
Derivatives 5-24a
compd

CC50b

EC50c

SId

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
2

15012
>200
>200
>100
50 ( 6
32 ( 2.5
54 ( 5
75 ( 6.2
>200
>200
>200
31 ( 2
39 ( 4
42 ( 3.5
>200
>200
>200
32 ( 3.1
200
>200
45 ( 5

>150
>200
>200
>100
1.8 ( 0.22
>32
>54
>75
>200
>200
>200
>31
8.30 ( 72
>42
>200
15 ( 1.2
66 ( 5
>32
>200
>200
0.001 ( 0.0002

28
4.7
13.3
>3
45 000

a Data represent mean values ( SE for three separate experiments. b Compound concentration (µM) required to reduce the
viability of mock-infected cells by 50% as determined by the MTT
method. c Compound concentration (µM) required to achieve 50%
protection of MT-4 cells from HIV-1 induced cytopathogenicity as
determined by the MTT method. d Selectivity index: CC50/EC50
ratio.

crystallization. Moreover, as already reported,7 this
procedure furnished poor yields when the preparation
of carboxylic esters was attempted. For this reason, an
alternative synthetic method was adopted. Compounds
25, 28, 34, 35, 37, and 38 were prepared by reaction of
methyl or ethyl 1H-indole-2-carboxylates with N-(arylthio)succinimides in the presence of boron trifluoride
diethyl etherate.8 Oxidation of 3-arylthio-1H-indole-2carboxylates to the related sulfones was performed with
3-chloroperoxybenzoic acid (MCPBA). Esters 25-52,
94,9 96,9 98,9 and 999 were transformed into amides 2,
53-64, 70-84 and hydrazides 65-69, 86-92 by heating at 100 °C with 30% ammonium hydroxide in a sealed
tube or by treatment with hydrazine hydrate at 60 °C,
respectively. Sodium borohydride reduction of ketone 84
furnished the related alcohol 85 (Scheme 3).
Results and Discussion
Table 1 reports the results obtained with compounds
synthesized to investigate the effect, on the antiretroviral activity, of the shift of the benzenesulfonyl moiety
from position 3 (the prototype is L-737,126, 2) to position
1 of the indole ring. These derivatives are also characterized by the presence of carboxyethyl or carboxyamide
groups either at positions 2 or 3 of the indole.

compd

CC50b

EC50c

SId

25
93e
94e
95e
96e
39
97e
98e
99e
2

1.4 ( 0.5
>200
g200
>200
>200
157 ( 12
>200
>200
>200
45 ( 5

1.4 ( 0.4
>200
g200
2.3 ( 0.28
2.5 ( 0.22
3.7 ( 0.3
2.5 ( 0.23
>200
1.9 ( 0.5
0.001 ( 0.0002

>87
>80
42
>91
105
45 000

a Data represent mean values ( SE for three separate experiments. b Compound concentration (µM) required to reduce the
viability of mock-infected cells by 50% as determined by the MTT
method. c Compound concentration (µM) required to achieve 50%
protection of MT-4 cells from HIV-1 induced cytopathogenicity as
determined by the MTT method. d Selectivity index: CC50/EC50
ratio. e Literature13

With the exception of 9 (EC50 ) 1.8 µM) and 17
(EC50 ) 8.3 µM), which are 1-benzenesulfonyl-2-carboxyethyl derivatives, and of 20 (EC50 ) 15 µM) and 21
(EC50 ) 66 µM), which are 1-benzenesulfonyl-2 carboxyamide derivatives, the other 1-benzenesulfonyl
indoles were totally devoid of anti-HIV-1 activity.
Noteworthy, 9 and 17 were both characterized by a
p-chloroanilino pharmacophore, which appears to be
determinant for the antiretroviral activity (compare 9
and 17 with 6 and 13, respectively). As far as 1-benzenesulfonyl-2-carboxyamide derivatives are concerned,
the shift of the carboxyamide function to position 3 of
the indole (22, 23), or its substitution with a 2-carboxyhydrazide group (24), led to loss of activity. Noteworthy,
an about 4-fold reduction of antiretroviral activity
correlated with the introduction of a chlorine atom at
position 5 of the indole ring, no matter whether a
carboxyethyl or a carboxyamide group was present at
position 2 (compare 9 and 20 with 17 and 21, respectively.
Tables 2-4 summarize the anti-HIV-1 activity of
arylthio and 3-benzenesulfonyl indoles carrying different substituents on the phenyl ring and/or at position
2 of the indolo moiety. With some exceptions, compounds
carrying carboxyethyl groups at position 2 of the indole
proved weakly active (Table 2). Noteworthy, three of
them (39, 97, 99) were the counterparts of the 1-arylsulfonylindoles 6, 9, 17, respectively. Although structureactivity relationships were not immediately obvious, the
2-carboxyethyl sulfone derivatives 39, 97, 99 proved
equally or even more potent than sulfur counterparts
25, 94, 96 with sole exception of the 2-aminobenzene
derivative 95 (compare 98 and 95).
Substitution of the ester function with an amide
function led to a very significant increase of both potency
and selectivity (Table 3). Among the monosubstituted
sulfones, the introduction of a methyl group at position
ortho (72), meta (73), or para (74) of the phenyl ring
led to derivatives as potent as the reference compound
2. When electron-withdrawing (75, 76) or bulky (77, 78)
substituents were introduced, a 10- to 100-fold reduction
of potency was observed. The positive biological effect
of the presence of methyl groups in the phenyl ring was
confirmed in the disubstituted series, where 2,4-Me2 and
3,5-Me2 derivatives proved fairly potent (79, 80, 8385), although in some cases also cytotoxic. Unlike what
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Table 3. Cytotoxicities and Anti-HIV-1 Activities of
Derivatives 53-64 and 70-85a

Table 4. Cytotoxicities and Anti-HIV-1 Activities of
Derivatives 65-69 and 86-92a

compd

CC50b

EC50c

SId

compd

CC50b

EC50c

SId

53
54
55
56
57
58
59
60
61
62
63
64
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
2

14 ( 2
20 ( 2.8
9 ( 1.5
26 ( 2.5
0.45 ( 0.3
13 ( 2
13 ( 1.6
52 ( 4.2
45 ( 3
0.7 ( 0.1
61 ( ( ( 7
33 ( 2.7
>200
3.5 ( 0.18
>200
>200
>200
17 ( 2.1
>200
>200
26 ( 2
37 ( 3.2
15 ( 1.2
40 ( 5.2
4.6 ( 0.33
18 ( 0.9
>200
>200
45 ( 5

1.4 ( 0.95
9 ( 1.2
0.02 ( 0.005
0.3 ( 0.1
>0.45
1.4 ( 0.5
3.1 ( 0.4
1.9 ( 0.17
8 ( 0.6
0.006 ( 0.0005
1.2 ( 0.6
1.6 ( 0.2
0.18 ( 0.05
0.3 ( 0.06
0.001 ( 0.0001
0.001 ( 0.0002
0.003 ( 0.0003
0.014 ( 0.002
0.011 ( 0.0009
0.08 ( 0.006
0.13 ( 0.02
0.004 ( 0.0004
0.004 ( 0.0003
0.1 ( 0.018
0.04 ( 0.005
0.002 ( 0.0001
0.015 ( 0.002
0.025 ( 0.002
0.001 ( 0.0002

10
2.2
450
87
9
4
27
6
117
51
20
>1,111
11.7
>200 000
>200 000
>66 667
1214
>18 182
>2500
200
9250
3750
400
115
9000
>13 333
>8000
45 000

65
66
67
68
69
86
87
88
89
90
91
92
2

44 ( 3.2
129 ( 2.5
66 ( 7
30 ( 3.3
13 ( 2.1
133 ( 17
>200
>200
44 ( 5.2
>200
>200
19 ( 2.2
45 ( 5

0.5 ( 0.06
1.5 ( 0.02
5 ( 0.6
10 ( 1.7
>13
0.5 ( 0.06
0.01 ( 0.004
0.05 ( 0.006
0.3 ( 0.025
0.2 ( 0.015
0.1 ( 0.005
0.3 ( 0.02
0.001 ( 0.0002

88
86
13
3
266
>20 000
>4000
147
>1000
>2000
63
45 000

a Data represent mean values ( SE for three separate experiments. b Compound concentration (µM) required to reduce the
viability of mock-infected cells by 50% as determined by the MTT
method. c Compound concentration (µM) required to achieve 50%
protection of MT-4 cells from HIV-1 induced cytopathogenicity as
determined by the MTT method. d Selectivity index: CC50/EC50
ratio.

was observed in the PAS series,5 replacement of the
phenyl ring with a p-chloroanilino pharmacophore led
to loss of activity (compare 2 with 82). As a rule, the
2-carboxyamide sulfone derivatives (70-85) turned out
to be less cytotoxic and more potent than sulfur counterparts (53-64) (compare 55, 56, 57, 62 with 2, 72,
74, 80, respectively).
To improve the solubility of IAS derivatives, the
carboxyamide group was replaced with a carboxyhydrazide chain (Table 4). Unfortunately, this attempt
gave compounds considerably less potent then the amide
counterparts. Again, sulfone derivatives were less cytotoxic and more potent than sulfur counterparts.
The most potent derivatives were then tested against
a panel of HIV-1 strains carrying clinically relevant
NNRTI resistance mutations (Table 5) in comparison
with Efavirenz, the most potent clinically used NNRTI.10 The lead compound 2 and its monomethylsubstituted derivatives (72, 73, 74) were found inhibitory to the Y181C mutant at submicromolar concentrations, whereas they proved inefficient inhibitors of
both the K103N-Y181C double mutant and the EFVR
(K103R-V179D-P225H) triple mutant, which is highly
resistant to Efavirenz. Interestingly, the potency of
monomethyl derivatives against the mutant strains was
found to progressively increase as the methyl group was
shifted from position 4 (74) (in the case of K103N-Y181C
and K103R-V179D-P225H), or from position 2 (72) (in
the case of Y181C), to position 3 (73) of the phenyl ring.
Among disubstituted derivatives, the 2,4-Me2 derivative
(79) confirmed the same low inhibitory potency of the

a Data represent mean values ( SE for three separate experiments. b Compound concentration (µM) required to reduce the
viability of mock-infected cells by 50% as determined by the MTT
method. c Compound concentration (µM) required to achieve 50%
protection of MT-4 cells from HIV-1 induced cytopathogenicity as
determined by the MTT method. d Selectivity index: CC50/EC50
ratio.

2-methyl derivative (72) against all resistant strains.
On the contrary, the 3,5-Me2 derivative (80) proved
highly potent against Y181C, K103N-Y181C, and K103RV179D-P225H mutants. Interestingly, the activity of 80
against the two HIV-1 strains carrying mutations at the
103 position of the RT gene was 10-fold superior to that
of 2. Finally, it is worth noting that, when compared to
Efavirenz, 80 turned out to be a 4-fold less efficient
inhibitor of the double mutant K103N-Y181C, but a 22fold better inhibitor of the triple mutant K103R-V179DP225H.
HIV-1 bearing the K103N mutation are known to be
the most frequently emerging variants in patients
subjected to HAART based on Nevirapine and Efavirenz
as single NNRTIs. Therefore, it was interesting to
determine whether the high level resistance of the
double mutant K103N-Y181C to the more active indoles
was due primarily to the K103N mutation or to the
concomitant effect of the two mutations on the RT nonnucleoside binding site. Hence, compounds 80, 2 and
Efavirenz were assayed in MT-4 cells against an HIV-1
strain containing a single K103N mutation. The EC50s
were in each case greater than 1.0 µM, suggesting that
the high level resistance of the double mutant has to
be related to the presence of K103N mutation.
Compounds 74, 80, and 2 were then tested against
recombinant RTs (rRT) from wt, K103N, and Y181C
mutant HIV-1. Consistently with the results obtained
in cell-based assays, all compounds inhibited both the
wt and Y181C enzymes, but not the rRT carrying the
K103 mutation. This confirmed that title compounds
target the HIV-1 reverse transcriptase (Table 6).
Conclusions
This study clearly demonstrated that the position of
both benzenesulfonyl and carboxyamide moieties on the
indole ring were crucial for the anti-HIV-1 activity. In
terms of chemical features we found that the best
results were obtained with 3-benzenesulfonylindoles
carrying a 2-carboxyamide function (Table 3). Related
esters (Table 2) and hydrazides (Table 4) were always
less potent, whereas the corresponding carboxylic acids
were totally inactive (data not shown). The modest anti-
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Table 5. Anti-HIV-1 Activities of Derivatives 72-74, 79 and 80 against Some Clinically Relevant HIV-1 Resistant Strainsa
compd

wtIIIB, EC50b

wtIIIB, EC90c

Y181C, EC50b

K103N-Y181C, EC50b

EFVR, EC90d

72
73
74
79
80
2
EFVe

0.001 ( 0.0001
0.001 ( 0.0002
0.003 ( 0.0003
0.004 ( 0.0004
0.004 ( 0.0003
0.001 ( 0.0002
0.004 ( 0.0003

0.005 ( 0.0003
0.005 ( 0.0006
0.01 ( 0.005
0.01 ( 0.01
0.002 ( 0.0003
0.007 ( 0.0007
0.008 ( 0.001

0.16 ( 0.04
0.006 ( 0.001
0.02 ( 0.004
0.15 ( 0.08
0.03 ( 0.008
0.02 ( 0.005
0.025 ( 0.005

10 ( 2
7 ( 1.5
>100
10 ( 1.8
0.65 ( 0.1
8 ( 1.7
0.15 ( 0.05

2.6 ( 1
0.26 ( 0.05
93 ( 12
5.3 ( 1.2
0.08 ( 0.01
0.9 ( 0.15
1.8 ( 0.5

a Data represent mean values ( SE for three separate experiments. b Compound concentration (µM) required to achieve 50% protection
of MT-4 cells from the indicated strain HIV-1 induced cytopathogenicity as determined by the MTT method. c Compound concentration
(µM) required to reduce the amount of p24 by 90% in WTIIIB infected C8166 cells. d Compound concentration (µM) required to reduce the
amount of p24 by 90% in C8166 cells infected with an efavirenz resistant strain carrying mutations K103R, V179D, and P225H. e EFV,
Efavirenz.

Table 6. Activities of Derivatives 74, 80, 2 and Efavirenz
against wt and Mutant Recombinant RTsa
compd

wtIIIB, IC50b

K103N, IC50b

Y181C, IC50b

74
80
2
EFVc

0.072 ( 0.0055
0.031 ( 0.0061
0.025 ( 0.0032
0.033 ( 0.0023

>5
>5
>5
3.4 ( 0.3

0.11 ( 0.010
0.13 ( 0.024
0.16 ( 0.051
0.085 ( 0.01

Data represent mean values ( SE for two separate experiments. b Compound concentration (µM) required to inhibit the
HIV-1 rRT activities by 50%. c EFV, Efavirenz.
a

HIV-1 activity of 1-benzenesulfonyl indoles, which has
been previously reported by us on structurally similar
derivatives,5 may be due to the fact that they interact
with the RT non-nucleoside binding site (NNBS) differently from 3-benzenesulfonyl indoles.
A second interesting aspect of this study is that both
potency and spectrum of 3-benzenesulfonyl-2-carboxyamido indoles vary depending on the number and
position of the substituents on the phenyl ring. Numerous phenyl-substituted IASs proved as potent as the
parent compound 2 against HIV-1 wt (72-74, 79, 80,
and 83) and some of them also showed comparable/
slightly lower activity against the Y181C (73, 74, and
80) and K103N-Y181C (72, 73, 79, and 80) strains
carrying clinically relevant NNRTI resistance mutations
and the K103R-V179D-P225H (72, 73, and 80) strain
highly resistant to Efavirenz. However, it is the 3,5Me2 substitution that comes up as the major determinant for the broad spectrum activity against resistant
mutants. In fact, derivative 80 turned out as active as
2 and Efavirenz against wt and Y181C, 10- and 20-fold
more potent than 2 and Efavirenz, respectively, against
K103R-V179D-P225H and, finally, about 10-fold more
potent than 2 and only 4-fold less potent than Efavirenz
against K103N-Y181C mutant.
Assays against both wt and mutant enzymes confirm
that, like Efavirenz, title compounds target the HIV-1
RT. Why in enzyme assays the potency of all the
compounds tested is up to 15-fold lower than in cellbased assays is not immediately obvious. Nevertheless,
time of addition studies carried out with 80 (data not
shown) indicate that, like Efavirenz, it must be added
to acutely infected cell cultures within 6 h post infections
in order to prevent the HIV-1 multiplication. In addition, 80 is not inhibitory to the HIV-2 multiplication in
C8166 cells and lacks activity in enzyme assays with
HIV-1 recombinant integrase (data not shown). Taken
together, the above results suggest that IASs target the
RT of susceptible viruses. Although title compounds
potently inhibit wt and mutant HIV-1 carrying the
Y181C mutation, but not the variants carrying other

clinically relevant NNRTI mutations such as K103N
and K103N-Y181C, the results presented herein offer
a great stimulus for further improvement of the activity
spectrum of novel analogues of 2.
Experimental Section
Chemistry. Melting points (mp) were determined on a
Büchi 510 apparatus and are uncorrected. Infrared spectra (IR)
were run on Perkin-Elmer 1310 and SpectrumOne spectrophotometers. Band position and absorption ranges are given
in cm-1. Proton nuclear magnetic resonance (1H NMR) spectra
were recorded on Bruker AM-200 (200 MHz) and Bruker
Avance 400 MHz FT spectrometers in the indicated solvent.
Chemical shifts are expressed in δ units (ppm) from tetramethylsilane. Column chromatography columns were packed
with alumina Merck (70-230 mesh) and silica gel Merck (70230 mesh). Aluminum oxide TLC cards (Fluka) (aluminum
oxide precoated aluminum cards with fluorescent indicator at
254 nm) and silica gel TLC cards (Fluka) (silica gel precoated
aluminum cards with fluorescent indicator at 254 nm) were
used for thin-layer chromatography (TLC). Developed plates
were visualized by Spectroline ENF 260C/F UV apparatus.
Organic solutions were dried over anhydrous sodium sulfate.
Concentration and evaporation of the solvent after reaction
or extraction was carried out on a rotary evaporator Büchi
Rotavapor operating at reduced pressure. Elemental analyses
were performed by laboratories of Dr. M. Zancato, Dipartimento di Scienze Farmaceutiche, University of Padova (Italy).
Analytical results were within (0.4% of the theoretical values.
General Procedure for the Preparation of the 1-Arylsulfonyl-1H-indoles 5-8 and 1-Arylsulfonyl-5-chloro1H-indoles 12-16. Example. 1-Phenylsulfonyl-1H-indole
(5). To a stirred mixture of potassium tert-butoxide (2.58 g,
0.023 mol) and 18-crown-6 (0.45 g, 0.0017 mol) in anhydrous
THF (25 mL) was added dropwise a solution of indole (2.00 g,
0.017 mol) in the same solvent (25 mL). After cooling at 0 °C
for 15 min, a solution of benzenesulfonyl chloride (3.01 g, 0.017
mol) in anhydrous THF (25 mL) was added dropwise. Reaction
was stirred at room temperature for 3.5 h, then concentrated
to a small volume and extracted with ethyl acetate. Organic
extracts were washed with brine and dried. Removal of the
solvent gave a residue which was purified on silica gel column
chromatography (chloroform) to afford 5, yield 90%, mp 7879 °C (from ligroin), lit.12 mp 77-79 °C. Thus, compounds 6-8
and 12-16 were prepared.
Ethyl 1-phenylsulfonyl-1H-indole-2-carboxylate (6),
yield 96%, mp 89-90 °C (from ligroin), lit.12 mp 89-91 °C.
Ethyl 1-[(2-nitrophenyl)sulfonyl]-1H-indole-2-carboxylate (7), yield 30%, mp 140-142 °C (from toluene/cyclohexane), 1H NMR (CDCl3): δ 1.23 (t, J ) 7.1 Hz, 3H), 4.22 (q,
J ) 7.1 Hz, 2H), 7.30-7.42 (m, 2H), 7.49 (m, 1H), 7.62-7.80
(m, 3H), 7.82-7.95 (m, 2H), 8.10 ppm (d, J ) 8.5 Hz, 1H). IR
(Nujol): ν 1725 cm-1. Anal. (C17H14N2O6S (374.36)) C, H,
N, S.
Ethyl 1-[(5-chloro-2-nitrophenyl)sulfonyl]-1H-indole2-carboxylate (8), and Ethyl 1-[(2-amino-5-chlorophenyl)sulfonyl]-1H-indole-2-carboxylate (9) were prepared by us
previously.5

599

Indolyl Aryl Sulfones Active against HIV-1

Journal of Medicinal Chemistry, 2003, Vol. 46, No. 12 2487

5-Chloro-1-phenylsulfonyl-1H-indole (12), yield 73%,
mp 73-74 °C (from ligroin), lit.14 mp 47-48 °C.
Ethyl 5-chloro-1-phenylsulfonyl-1H-indole-2-carboxylate (13) yield 84%, mp 104-105 °C (from cyclohexane), lit.8
1
H NMR (CDCl3): δ 1.38 (t,, J ) 7.1 Hz, 3H), 4.39 (q, J ) 7.1
Hz, 2H), 7.06 (s, 1H), 7.36 (dd, J ) 2.1 and 9.1 Hz, 1H), 7.427.63 (m, 4H), 7.95-8.07 (m, 3H). IR (Nujol): ν 1730 cm-1. Anal.
(C17H14ClNO4S (363.81)) C, H, N, Cl, S.
Ethyl 1-[(4-methylphenyl)sulfonyl]-1H-indole-2-carboxylate (14), yield 58%, mp 84-86 °C (from cyclohexane).
1
H NMR (CDCl3): δ 1.40 (t, J ) 7.1 Hz, 3H), 2.38 (s, 3H), 4.41
(q, J ) 7.1 Hz, 2H), 7.06 (s, 1H), 7.27 (d, J ) 8.3 Hz, 2H), 7.37
(dd, J ) 2.0 and 9.0 Hz, 1H), 7.52 (d, J ) 2.0 Hz, 1H), 7.89 (d,
J ) 8.3 Hz, 2H), 8.04 ppm (d, J ) 9.0 Hz, 1H), IR (Nujol): ν
1730 cm-1. Anal. (C18H16ClNO4S (377.84)) C, H, N, Cl, S.
Ethyl 1-[(4-methylphenyl)sulfonyl]-1H-indole-2-carboxylate (15), yield 62%, mp 86-88 °C (from cyclohexane).
1
H NMR (CDCl3): δ 1.40 (t, J ) 7.1 Hz, 3H), 4.40 (q, J ) 7.1
Hz, 2H), 7.10 (s, 1H), 7.39 (dd, J ) 2.0 and 9.0 Hz, 1H), 7.46
(d, J ) 8.7 Hz, 2H), 7.55 (d, J ) 2.0 Hz, 1H), 7.97 (d, J ) 8.7
Hz, 2H), 8.04 ppm (d, J ) 9.0 Hz, 1H). IR (Nujol): ν 1730 cm-1.
Anal. (C17H13Cl2NO4S (398.26)) C, H, N, Cl, S.
Ethyl 1-[(5-chloro-2-nitrophenyl)sulfonyl]-5-chloro1H-indole-2-carboxylate (16), yield 28%, mp 161 °C (from
toluene/cyclohexane). 1H NMR (CDCl3): δ 1.31 (t, J ) 7.2 Hz,
3H), 4.34 (q, J ) 7.2 Hz, 2H), 7.49 (dd, J ) 2.1 and 9.1 Hz,
1H), 7.66-7.72 (m, 1H), 7.75 (d, J ) 2.1 Hz, 1H), 7.86-7.92
(m, 2H), 7.95 ppm (d, J ) 9.1 Hz, 1H), IR (Nujol): ν 1710 cm-1.
Anal. (C17H12Cl2N2O6S (441.98)) C, H, N, Cl, S.
Ethyl 1-[(2-amino-5-chlorophenyl)sulfonyl]-5-chloro1H-indole-2-carboxylate (17) was prepared by iron powder
reduction of 16 in glacial acetic acid as previously reported by
us,5 yield 88%, mp 105-106 °C (from cyclohexane). 1H NMR
(CDCl3): δ 1.39 (t, J ) 7.0 Hz, 3H), 4.38 (q, J ) 7.0 Hz, 2H),
5.30 (broad s, 2H, disappeared on treatment with D2O), 6.61
(d, J ) 8.8 Hz, 1H), 7.14 (s, 1H), 7.22 (dd, J ) 2.4 and 8.8 Hz,
1H), 7.37 (dd, J ) 2.1 and 9.2 Hz, 1H), 7.56 (d, J ) 2.1 Hz,
1H), 7.72 (d, J ) 2.4 Hz, 1H), 7.83 ppm (d, J ) 9.2 Hz, 1H), IR
(Nujol): ν 1710, 3370, 3480 cm-1. Anal. (C17H14Cl2N2O4S
(412.00)) C, H, N, Cl, S.
Synthesis of the 1-(Phenylsulfonyl)-1H-indole-3-carboxylic Esters 10, 11, 18, and 19. Example. Ethyl 1-(Phenylsulfonyl)-1H-indole-3-carboxylate (10). 1-(Phenylsulfonyl)1H-indole-3-carbonyl chloride was prepared by reaction with
1-phenylsulfonyl-1H-indole (5) with oxalyl chloride in the
presence of anhydrous aluminum trichloride as reported by
Ketcha and Gribble.6 A suspension of 1-(phenylsulfonyl)-1Hindole-3-carbonyl chloride (1.0 g, 0.0031 mol), sodium hydrogen
carbonate (0.62 g, 0.0031 mol), and absolute ethanol (150 mL)
was stirred at room-temperature overnight. After concentration to a small volume, the residue was extracted with ethyl
acetate and washed with brine. Evaporation of the solvent gave
a residue which was purified on silica gel column chromatography (dichloromethane:petroleum ether 1:1) to afford 10, yield
78%, mp 113-114 °C (from ligroin), lit.13 mp 118.5-119.5 °C.
1
H NMR (CDCl3): δ 1.42 (t, J ) 7.1 Hz, 3H), 4.41 (q, J ) 7.1
Hz, 2H), 7.27-7.40 (m, 2H), 7.40-7.64 (m, 3H), 7.88-8.02 (m,
3H), 8.16 (m, 1H), 8.28 ppm (s, 1H). IR (Nujol): ν 1710 cm-1.
Thus, compounds 11, 18, and 19 were prepared.
Isopropyl 1-(phenylsulfonyl)-1H-indole-3-carboxylate
(11), yield 86%, mp 90-92 °C (from ligroin). 1H NMR
(CDCl3): δ 1.40 (d, J ) 6.2 Hz, 6H), 5.28 (sp, J ) 6.2 Hz, 1H),
7.28-7.42 (m, 2H), 7.42-7.66 (m, 3H), 7.95 (m, 3H), 8.13 (m,
1H), 8.27 ppm (s, 1H). IR (Nujol): ν 1680 cm-1. Anal. (C18H17NO4S (343.39)) C, H, N, S.
Ethyl 5-chloro-1-(phenylsulfonyl)-1H-indole-3-carboxylate (18), yield 97%, mp 145-146 °C (from cyclohexane). 1H
NMR (CDCl3): δ 1.42 (t, J ) 7.1 Hz, 3H), 4.39 (q, J ) 7.1 Hz,
2H), 7.32 (dd, J ) 2.0 and 8.7 Hz, 1H), 7.42-7.67 (m, 3H),
7.83-7.98 (m, 3H), 8.11 (d, J ) 2.0 Hz, 1H), 8.28 ppm (s, 1H).
IR (Nujol): ν 1705 cm-1. Anal. (C17H14ClNO4S (363.81)) C, H,
N, S, Cl.
Isopropyl 5-chloro-1-(phenylsulfonyl)-1H-indole-3-carboxylate (19), yield 54%, mp 121-122 °C (from ligroin). 1H

NMR (CDCl3): δ 1.40 (d, J ) 6.2 Hz, 6H), 5.27 (sp, J ) 6.2
Hz, 1H), 7.32 (dd, J ) 2.0 and 8.9 Hz, 1H), 7.43-7.68 (m, 3H),
7.83-7.98 (m, 3H), 5.56 (d, J ) 2.0 Hz, 1H), 8.26 ppm (s, 1H).
IR (Nujol): ν 1715 cm-1. Anal. (C18H16ClNO4S (377.84)) C, H,
N, S, Cl.
1-(Phenylsulfonyl)-1H-indole-2-carboxyamide (20). A
mixture of 6 (3.29 g, 0.01 mol), 2 N KOH (20 mL, 2.24 g KOH,
0.04 mol), THF (20 mL), and ethanol (20 mL) was stirred at
room temperature for 4 h, then it was quenched on crushed
ice and made acidic with 37% HCl. Ethyl acetate was added,
and the organic layer was separated, washed with brine, and
dried. Removal of the solvent furnished the crude acid (2.1 g,
0.007 mol, 70%) which was dissolved in anhydrous THF (50
mL) and treated portionwise with 1,1′-carbonyldiimidazole
(1.62 g, 0.1 mol). After stirring at room temperature for 2 h,
gaseous ammonia was bubbled through at 0 °C for 1 h. Water
and ethyl acetate were added while shaking. The organic layer
was separated, washed with brine, and dried. Removal of the
solvent furnished a crude product which was purified on
alumina column chromatography (chloroform-ethanol 95:5)
to afford 20, yield 95%, mp 205-206 °C (from toluene). 1H
NMR (DMSO-d6): δ 7.03 (s, 1H), 7.21-7.47 (m, 2H), 7.537.81 (m, 5H, 4H disappeared on treatment with D2O), 7.97 (d,
J ) 8.2 Hz, 1H), 8.08-8.20 (m, 2H), 8.30 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1660, 3100,
3420 cm-1. Anal. (C15H12N2O3S (300.33)) C, H, N, S.
5-Chloro-1-(phenylsulfonyl)-1H-indole-2-carboxyamide (21) was prepared as 20 starting from 13, yield
50%, mp 193-194 °C (from ligroin). 1H NMR (DMSO-d6): δ
6.99 (s, 1H), 7.42 (dd, J ) 2.0 and 9.0 Hz, 1H), 7.56-7.78 (m,
4H), 7.84 (broad s, 1H, disappeared on treatment with D2O),
7.99 (d, J ) 9.0 Hz, 1H), 8.11-8.22 (m, 2H), 8.34 ppm (broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1660,
3160, 3420 cm-1. Anal. (C15H11ClN2O3S (334.77)) C, H, N, S,
Cl.
1-(Phenylsulfonyl)-1H-indole-2-carboxyhydrazide (24)
was prepared as 20 by reaction with hydrazine hydrate, yield
52%, mp 148-150 °C (from aqueous ethanol). 1H NMR
(DMSO-d6): δ 4.63 (broad s, 2H, disappeared on treatment
with D2O), 6.98 (s, 1H), 7.28 (m, 1H), 7.40 (dt, J ) 1.2 and 7.5
Hz, 1H), 7.54-7.78 (m, 4H), 7.97 (d, J ) 8.1 Hz, 1H), 8.138.23 (m, 2H), 10.02 ppm (broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1670, 3340 cm-1. Anal.
(C15H13N3O3S (315,34)) C, H, N, S.
1-(Phenylsulfonyl)-1H-indole-3-carboxyamide (22). Gaseous ammonia was bubbled at 0 °C through a solution of
1-(phenylsulfonyl)-1H-indole-3-carbonyl chloride6 (1.0 g, 0.0031
mol) in DMF (20 mL) for 1 h. Reaction was quenched on
crushed ice and extracted with ethyl acetate. Organic layer
was washed with brine and dried. Removal of the solvent gave
a crude product which was purified on silica gel column
chromatography (ethyl acetate) to afford 22, yield 21%, mp
233-235 °C (from ethanol). 1H NMR (DMSO-d6): δ 7.24-7.44
(m, 3H, 2H disappeared on treatment with D2O), 7.57-7.80
(m, 3H), 7.87-8.09 (m, 4H, 3H disappeared on treatment with
D2O), 8.18 (m, 1H), 8.59 ppm (s, 1H). IR (Nujol): ν 1640, 3330,
3440 cm-1. Anal. (C15H12N2O3S (300.33)) C, H, N, S.
5-Chloro-1-(phenylsulfonyl)-1H-indole-3-carboxyamide (23). This compound was prepared as reported for 22
starting from 5-chloro-1-(phenylsulfonyl)-1H-indole-3-carbonyl
chloride, yield 30%, mp 245-247 °C (from ethanol). 1H NMR
(DMSO-d6): δ 7.37-7.49 (dd, J ) 2.0 and 8.9 Hz, 1H, and
broad s, 1H, disappeared on treatment with D2O, overlapped
signals), 7.60-7.83 (m, 3H), 7.91-8.10 (m, 4H, after treatment
with D2O showed 3H), 8.19 (d, J ) 2.0 Hz, 1H), 8.69 ppm (s,
1H). IR (Nujol): ν 1635, 3180, 3300, 3430 cm-1. Anal. (C15H11ClN2O3S (334.77)) C, H, N, S, Cl.
General Procedure for the Synthesis of the 3-Arylthio1H-indole-2-carboxylates 25, 28, 34, 35, 37 and 38. Example. Ethyl 3-(phenylthio)-1H-indole-2-carboxylate (25).
Boron trifluoride diethyl etherate (0.135 g, 0.12 mL, 0.001 mol)
was added to a mixture of ethyl 1H-indole-2-carboxylate (0.59
g, 0.003 mol), N-(phenylthio)succinimide11 (0.68 g, 0.0033 mol),
and anhydrous dichloromethane (20 mL) under dry argon
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atmosphere. After stirring at room temperature for 2 h, boron
trifluoride ethyl dietherate (0.27 g, 0.24 mL, 0.002 mol) was
added, and then the reaction was heated at 45 °C for 2 h. After
cooling, the reaction was diluted chloroform and brine while
shaking. The organic layer was separated, washed with
saturated solution of sodium hydrogen carbonate and then
with brine, and dried. The solvent was evaporated to give a
residue which was purified on silica gel column chromatography (chloroform-ethanol 95:5) to give 25, yield 72%, mp
133-134 °C (from cyclohexane). 1H NMR (CDCl3): δ 1.30 (t,
J ) 7.2 Hz, 3H), 4.38 (q, J ) 7.2 Hz, 2H), 7.00-7.20 (m, 5H),
7.26-7.50 (m, 3H), 7.59 (m, 1H), 9.52 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1680, 3300
cm-1. Anal. (C17H15NO2S (297.08)) C, H, N, S. Thus, compounds
28, 34, 35, 37, and 38 were prepared.
Methyl 5-chloro-3-[(3-methylphenyl)thio]-1H-indole-2carboxylate (28), methyl 5-chloro-1H-indole-2-carboxylate
was used, yield 80%, mp 179-180 °C (from ethanol). 1H NMR
(DMDO-d6): δ 2.20 (s, 3H), 3.38 (s, 3H), 6.80 (m, 1H), 6.907.10 (m, 2H), 7.11 (t, J ) 7.6 Hz, 1H), 7.38-7.48 (m, 2H), 7.55
(dd, J ) 1.2 and 8.3 Hz, 1H), 12.58 ppm (broad, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1660, 3370 cm-1.
Anal. (C17H14ClNO2S (331.82)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(2,4-dimethylphenyl)thio]-1H-indole2-carboxylate (34), methyl 5-chloro-1H-indole-2-carboxylate
was used, yield 60%, mp 191-193 °C (from ethanol). 1H NMR
(DMSO-d6): δ 2.19 (s, 3H), 2.35 (s, 3H), 3.87 (s, 3H), 6.67 (d,
J ) 8.0, Hz, 1H), 6.81 (m, 1H), 7.04 (m, 1H), 7.23 (d, J ) 2.0
Hz, 1H), 7.31 (dd, J ) 2.1 and 8.7 Hz, 1H), 7.53 (d, J ) 8.7
Hz, 1H), 12.52 ppm (broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1670 and 3270 cm-1. Anal. (C18H16ClNO2S (345.84)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(3,5-dimethylphenyl)thio]-1H-indole2-carboxylate (35), methyl 5-chloro-1H-indole-2-carboxylate
was used, yield 77%, mp 174-175 °C (from cyclohexane). 1H
NMR (CDCl3): δ 2.19 (s, 6H), 3.95 (s, 3H), 6.73-6.82 (m, 3H),
7.28-7.41 (m, 2H), 7.58 (m, 1H), 9.30 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1675, 3280
cm-1. IR (Nujol): ν 1670 and 3270 cm-1. Anal. (C18H16ClNO2S
(345.84)) C, H, N, S, Cl.
Ethyl 5-bromo-3-[(3,5-dimethylphenyl)thio]-1H-indole2-carboxylate (37), ethyl 5-bromo-1H-indole-2-carboxylate
was used, yield 93%, mp 162-165 °C (from ethanol). 1H NMR
(DMSO-d6): δ 1.25 (t, J ) 7.1 Hz, 3H), 2.14 (s, 6H), 4.29 (q,
J ) 7.1 Hz, 2H), 6.72 (m, 2H), 6.76 (m, 1H), 7.43 (dd, J ) 1.8
and 8.8 Hz, 1H), 7.51 and 7.53 (two d, J ) 1.8 and 8.8 Hz,
overlapped signals, 2H), 12.65 ppm (broad s, 1H, disappeared
on treatment with D2O). IR (Nujol): ν 1670, 3270 cm-1. Anal.
(C19H18BrNO2S (404.32)) C, H, N, S, Br.
Ethyl 5-acetyl-3-[(3,5-dimethylphenyl)thio]-1H-indole2-carboxylate (38), ethyl 5-acetyl-1H-indole-2-carboxylate
was used, yield 70%, mp 164-166 °C (from ethanol). 1H NMR
(DMSO-d6): δ 1.25 (t, J ) 7.1 Hz, 3H), 2.14 (s, 6H), 2.48 (s,
3H), 4.35 (q, J ) 7.1 Hz, 2H), 6.80 (m, 3H), 7.58 (d, J ) 8.8
Hz, 1H), 7.90 (m, 1H), 8.02 (m, 1H), 8.02 (m, 1H), 12.80 ppm
(broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1670, 3270 cm-1. Anal. (C21H21NO3S (367.46)) C, H,
N, S.
General Procedure for the Synthesis of the 3-Arylthio1H-indole-2-carboxylates 26, 27, 29-33 and 36. Example.
Methyl 5-chloro-3-(phenylthio)-1H-indole-2-carboxylate
(26). 5-Chloro-1H-indole-2-carboxylic acid (2.93 g, 0.015 mol)
was added by portions to a mixture of sodium hydride (60%
dispersion in mineral oil, 1.80 g, 0.045 mol) in anhydrous DMF
(35 mL) under a nitrogen stream at 0 °C. After 15 min, 1,1′diphenyl disulfide (4.37 g, 0.020 mol) was added portionwise,
and then the reaction was heated at 50 °C overnight under a
nitrogen atmosphere. After cooling, the mixture was poured
on crushed ice, made acidic with 2 N HCl, and extracted with
ethyl acetate. The organic layer was separated, washed with
brine, and dried. Removal of the solvent gave a residue which
was triturated with cyclohexane, filtered, and then crystallized
by the same solvent to give satisfactory pure 5-chloro-3(phenylthio)-1H-indole-2-carboxylic acid (2.27 g, 45%). The acid

was dissolved in dichloromethane (120 mL) and methanol (30
mL) and treated with trimethylsilyldiazomethane (10.5 mL of
a 2 N solution in hexane, 0.015 mol) while stirring at room
temperature for 90 min. After concentration to a small volume,
the residue was extracted with ethyl acetate, washed with 0.1
N acetic acid and then with brine, and dried. Removal of the
solvent gave the crude product which was purified by passing
through a silica gel column chromatography to furnish 26, 1.95
g, yield 91%, (overall yield 41%), mp 195-195 °C (from toluene
cyclohexane). 1H NMR (CDCl3): δ 3.93 (s, 3H), 7.03-7.12 (m,
5H), 7.30 (dd, J ) 1.9 and 8.7 Hz, 1H), 7.38 (d, J ) 8.7 Hz,
1H), 7.56 (m, 1H), 9.30 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1675, 3270 cm-1. Anal.
(C16H12ClNO2S (317.78)) C, H, N, S, Cl. Thus, compounds 27,
29-33, and 36 were prepared.
Methyl 5-chloro-3-[(2-methylphenyl)thio]-1H-indole-2carboxylate (27), overall yield 47%, mp 188-190 °C (from
toluene/cyclohexane). 1H NMR (CDCl3): δ 2.48 (s, 3H), 3.91
(s, 3H), 6.78 (dd, J ) 1.2 and 7.8 Hz, 1H), 6.93 (m, 1H), 7.04
(dt, J ) 1.3 and 7.1 Hz, 1H), 7.16 (d, J ) 7.1 Hz, 1H), 7.29
(dd, J ) 1.8 and 8.8 Hz, 1H), 7.37 (d, J ) 8.8 Hz, 1H), 7.45 (d,
J ) 1.8 Hz, 1H), 9.26 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1670, 3300 cm-1. Anal.
(C17H14ClNO2S (331.82)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(4-methylphenyl)thio]-1H-indole-2carboxylate (29), overall yield 52%, mp 220-222 °C (from
toluene). 1H NMR (CDCl3): δ 2.28 (s, 3H), 3.94 (s, 3H), 7.02
and 7.10 (two d, J ) 8.3 Hz, 4H), 7.30 (dd, J ) 1.8 and 8.8 Hz,
1H), 7.37 (d, J ) 8.8 Hz, 1H), 7.55 (d, J ) 1.8 Hz, 1H), 9.21
ppm (broad s, 1H, disappeared on treatment with D2O). IR
(Nujol): ν 1680 and 3270 cm-1. Anal. (C17H14ClNO2S (331.82))
C, H, N, S, Cl.
Methyl 5-chloro-3-[(4-fluorophenyl)thio]-1H-indole-2carboxylate (30), overall yield 54%, mp 176-177 °C (from
toluene/cyclohexane). 1H NMR (CDCl3): δ 3.96 (s, 3H), 6.846.98 (m, 2H), 7.12-7.42 (m, 4H), 7.56 (d, J ) 1.6 Hz, 1H), 9.38
ppm (broad s, 1H, disappeared on treatment with D2O). IR
(Nujol): ν 1680, 3290 cm-1. Anal. (C16H11ClFNO2S (335.78))
C, H, N, S, Cl, F.
Methyl 5-chloro-3-[(4-chlorophenyl)thio]-1H-indole-2carboxylate (31), overall yield 60%, mp 203-204 °C (from
toluene/cyclohexane). 1H NMR (DMSO-d6): δ 3.87 (s, 3H), 7.09
and 7.30 (two d, J ) 8.5 Hz, 4H), 7.33-7.43 (m, 2H), 7.57 (d,
J ) 8.6 Hz, 1H), 12.77 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1675, 3270 cm-1. IR
(Nujol): ν 1680, 3290 cm-1. Anal. (C16H11Cl2NO2S (352.23)) C,
H, N, S, Cl.
Methyl 5-chloro-3-[(4-isopropylphenyl)thio]-1H-indole2-carboxylate (32), overall yield 41%, mp 172-173 °C (from
cyclohexane). 1H NMR (CDCl3): δ 1.12 (d, J ) 7.0 Hz, 6H),
2.83 (sp, J ) 7.0 Hz, 1H), 3.93 (s, 3H), 7.06 and 7.13 (two d,
J ) 8.3 Hz, 4H), 7.28-7.38 (m, 2H), 7.51 (m, 1H), 9.23 ppm
(broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1680, and 3280 cm-1. Anal. (C19H18ClNO2S (359.87)) C,
H, N, S, Cl.
Methyl 5-chloro-3-[(4-tert-butylphenyl)thio]-1H-indole2-carboxylate (33), overall yield 58%, mp 237-238 °C (from
toluene/cyclohexane). 1H NMR (CDCl3): δ 1.26 (s, 9H), 3.93
(s, 3H), 7.22 and 7.13 (two d, J ) 8.7 Hz, 4H), 7.27 (dd, J )
1.9 and 8.5 Hz, 1H), 7.35 (d, J ) 8.5 Hz, 1H), 7.51 (d, J ) 1.9
Hz, 1H), 9.21 ppm (broad s, 1H, disappeared on treatment with
D2O). IR (Nujol): ν 1675 and 3280 cm-1. Anal. (C20H20Cl2NO2S
(373.89)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(2,6-dichorophenyl)thio]-1H-indole2-carboxylate (36), overall yield 55%, mp 241-243 °C (from
toluene). 1H NMR (DMSO-d6): δ 3.89 (s, 3H), 6.92 (dd, J )
0.6 and 2.0 Hz, 1H), 7.26 (dd, J ) 2.0 and 8.8 Hz, 1H), 7.40
(dd, J ) 6.8 and 9.1 Hz, 1H), 7.48 (dd, J ) 0.6 and 8.8 Hz,1H),
7.52-7.60 (m, 2H), 12.43 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1680, 3280 cm-1. Anal.
(C16H10Cl3NO2S (386.67)) C, H, N, S, Cl.
General Procedure for Oxidation of the 3-Arylthio1H-indole-2-carboxylates 25-38 to Sulfones 39-52. Example. Ethyl 3-(phenysulfonyl)-1H-indole-2-carboxylate
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(39). 3-Chloroperoxybenzoic acid (1.32 g, 0.00766 mol) was
added to an ice-cooled solution of ethyl 3-(phenylthio)-2carboxylate (25) (0.78 g, 0.00264 mol) in chloroform (42 mL).
Reaction was stirred at room temperature for 1.5 h, poured
on crushed ice, and extracted with chloroform. The organic
solution was shaken with saturated solution of sodium hydrogen carbonate and then with brine. After concentration to a
small volume, the solution was passed through a silica gel
column chromatography (ethyl acetate) to afford 39, yield 75%,
mp 148-149 °C (from toluene/cyclohexane). 1H NMR (DMSOd6): δ 1.30 (t, J ) 7.0 Hz, 3H), 4.36 (q, J ) 7.0 Hz, 2H), 7.287.47 (m, 2H), 7.52-7.70 (m, 4H), 7.95-8.07 (m, 2H), 8.24 (m,
1H), 13.03 ppm (broad s, 1H, disappeared on treatment with
D2O). Anal. (C17H15NO4S (329.37)) C, H, N, S. Thus, compounds 40-52 were prepared.
Methyl 5-chloro-3-(phenysulfonyl)-1H-indole-2-carboxylate (40), yield 48%, mp 254-255 °C (from toluene). 1H
NMR (DMSO-d6): δ 3.88 (s, 3H), 7.44 (dd, J ) 1.6 and 8.9 Hz,
1H), 7.53-7.71 (m, 4H), 7.97-8.07 (m, 2H), 8.26 (d, J ) 1.6
Hz, 1H), 13.39 ppm (broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1715, 3250 cm-1. Anal. (C16H12ClNO4S
(349.78)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(2-methylphenyl)sulfonyl]-1H-indole-2-carboxylate (41), yield 33%, mp 275-276 °C (from
toluene). 1H NMR (DMSO-d6): δ 2.30 (s, 3H), 3.78 (s, 3H), 7.35
(d, J ) 6.9 Hz, 1H), 7.42-7.66 (m, 3H), 7.70 (d, J ) 8.8 Hz,
1H), 8.17 (dd, 1H), 8.32 (m, 1H), 13.49 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1710, 3220
cm-1. Anal. (C17H14ClNO4S (363.81)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(3-methylphenyl)sulfonyl]-1H-indole-2-carboxylate (42), yield 81%, mp 181-182 °C (from
toluene). 1H NMR (DMSO-d6): δ 2.38 (s, 3H), 3.88 (s, 3H),
7.08-7.30 (m, 1H), 7.40-7.55 (m, 2H), 7.61 (d, J ) 8.8 Hz,
1H), 7.91 (m, 2H), 8.26 (d, J ) 1.8 Hz, 1H), 13.33 ppm (broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1735,
3700 cm-1. Anal. (C17H14ClNO4S (363.81)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(4-methylphenyl)sulfonyl]-1H-indole-2-carboxylate (43), yield 50%, mp 229-231 °C (from
toluene). 1H NMR (DMSO-d6): δ 2.36 (s, 3H), 3.91 (s, 3H), 7.40
(d, J ) 8.4 Hz, 2H), 7.45 (dd, J ) 1.8 and 8.8 Hz, 1H), 7.62 (d,
J ) 8.8 Hz, 1H), 7.29 (d, J ) 8.4 Hz, 2H), 8.27 (d, J ) 1.8 Hz,
1H), 13.4 ppm (very broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1715 and 3260 cm-1. Anal. (C17H14ClNO4S (363.81)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(4-fluorophenyl)sulfonyl]-1H-indole2-carboxylate (44), yield 74%, mp 211-213 °C (from toluene).
1
H NMR (DMSO-d6): δ 3.90 (s, 3H), 7.36-7.51 (m, 3H), 7.51
(d, J ) 8.9 Hz, 1H), 8.03-8.16 (m, 2H), 8.26 (m, 1H), 13.44
ppm (broad s, 1H, disappeared on treatment with D2O). IR
(Nujol): ν 1735, 3390 cm-1. Anal. (C16H11ClFNO4S (367.77))
C, H, N, S, Cl, F.
Methyl 5-chloro-3-[(4-chlororophenyl)sulfonyl]-1H-indole-2-carboxylate (45), yield 54%, mp 218-219 °C (from
toluene/cyclohexane). 1H NMR (DMSO-d6): δ 3.90 (s, 3H), 7.46
(dd, J ) 2.0 and 8.8 Hz, 1H), 7.73 (d, J ) 8.6 Hz, 2H), 7.68 (d,
J ) 8.8 Hz, 1H), 8.03 (d, J ) 8.6 Hz, 2H), 8.26 (d, J ) 2.0 Hz,
1H), 13.49 ppm (broad s, 1H, disappeared on treatment with
D2O). Anal. (C16H11Cl2NO4S (384.23)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(4-isopropylphenyl)sulfonyl]-1Hindole-2-carboxylate (46), yield 100%, mp 204-206 °C (from
toluene). 1H NMR (DMSO-d6): δ 1.18 (d, J ) 7.0 Hz, 6H), 2.94
(sp, J ) 7.0 Hz, 1H), 3.90 (s, 3H), 7.40-7.52 (m, 3H), 7.60 (d,
J ) 8.8 Hz, 1H), 7.95 (d, J ) 8.2 Hz, 2H), 8.23 (d, J ) 1.4 Hz,
1H), 13.33 ppm (broad s, 1H, disappeared on treatment with
D2O). IR (Nujol): ν 1735 and 3240 cm-1. Anal. (C19H18ClNO4S
(391.86)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(4-tert-butylphenyl)sulfonyl]-1Hindole-2-carboxylate (47), yield 96%, mp 240-241 °C (from
toluene).1H NMR (DMSO-d6): δ 1.26 (s, 9H), 3.91 (s, 3H), 7.43
(dd, J ) 1.9 and 8.6 Hz, 1H), 7.54-7.67 (m, 3H), 7.96 (d, J )
8.5 Hz, 2H), 8.23 (d, J ) 1.9 Hz, 1H), 13.28 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1740 and
3260 cm-1. Anal. (C20H20ClNO4S (405.89)) C, H, N, S, Cl.

Methyl 5-chloro-3-[(2,4-dimethylphenyl)sulfonyl]-1Hindole-2-carboxylate (48), yield 58%, mp 241-242 °C (from
toluene). 1H NMR (DMSO-d6): δ 2.22 (s, 3H), 2.33 (s, 3H), 3.75
(s, 3H), 7.11 (m, 1H), 7.28 (m, 1H), 7.45 (dd, J ) 1.7 and 8.7
Hz, 1H), 7.64 (d, J ) 8.7 Hz, 1H), 8.02 (d, J ) 8.1 Hz, 1H),
8.28 (d, J ) 1.7 Hz, 1H), 13.36 ppm (broad s, 1H, disappeared
on treatment with D2O). IR (Nujol): ν 1700 and 3235 cm-1.
Anal. (C18H16ClNO4S (377.84)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1Hindole-2-carboxylate (49), yield 74%, mp 234-236 °C (from
toluene/cyclohexane). 1H NMR (DMSO-d6): δ 2.33 (s, 6H), 3.88
(s, 3H), 7.28 (m, 1H), 7.43 (dd, J ) 2.0 and 8.6 Hz, 1H), 7.557.67 (m, 3H), 8.24 (d, J ) 2.0 Hz, 1H), 13.33 ppm (broad s,
1H, disappeared on treatment with D2O). IR (Nujol): ν 1740,
3200 cm-1. Anal. (C18H16ClNO4S (377.84)) C, H, N, S, Cl.
Methyl 5-chloro-3-[(2,6-dichlorophenyl)sulfonyl]-1Hindole-2-carboxylate (50), yield 100%, mp 273-276 °C (from
toluene).1H NMR (DMSO-d6): δ 3.72 (s, 3H), 7.46 (dd, J ) 2.1
and 8.9 Hz, 1H), 7.53-7.68 (m, 4H), 8.28 (m, 1H), 12.42 ppm
(broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1670, 3240 cm-1. Anal. (C16H10Cl3NO4S (418.67)) C, H,
N, S, Cl.
Ethyl 5-bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-carboxylate (51), yield 77%, mp >300 °C (from
aqueous ethanol). 1H NMR (DMSO-d6): δ 1.28 (t, J ) 7.1 Hz,
3H), 2.32 (s, 6H), 4.35 (q, J ) 7.1 Hz, 2H), 7.28 (m, 1H), 7.55
(d, J ) 1.2 Hz, 2H), 7.60 (m, 2H), 8.38 ppm (t, J ) 1.2 Hz,
1H). IR (Nujol): ν 1690, 3260 cm-1. Anal. (C19H18BrNO4S
(436.32)) C, H, N, S, Br.
Ethyl 5-acetyl-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-carboxylate (52), yield 62%, mp 193-195 °C (from
ethanol). 1H NMR (DMSO-d6): δ 1.31 (t, J ) 7.1 Hz, 3H), 2.32
(s, 6H), 2.68 (s, 3H), 4.38 (q, J ) 7.1 Hz, 2H), 7.28 (m, 1H),
7.60-7.71 (m, 3H), 8.01 (dd, J ) 1.7 and 8.8 Hz, 1H), 8.89 (m,
1H), 12.7 ppm (very broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1665, 1700, 3280 cm-1. Anal. (C21H21NO5S (399.46)) C, H, N, S.
General Procedure for the Synthesis of Amides 2, 5364, and 70-84. Example. 3-(Phenylthio)-1H-indole-2carboxyamide (53). Ethyl 3-(phenylthio)-1H-indole-2-carboxylate (25) (0.50 g, 0.0017 mol) was heated with 30%
ammonium hydroxide (25 mL) and ammonium chloride (40
mg) in a sealed tube at 100 °C overnight. After cooling, the
reaction mixture was poured on ice water, stirred for 15 min,
and extracted with ethyl acetate. The organic layer was
washed with brine and dried and the solvent evaporated to
afford a residue which was purified on silica gel column
chromatography (chloroform-ethanol 95:5) to give 53, yield
69%, mp 197 °C (from toluene). 1H NMR (CD3COCD3): δ 7.007.38 (m, 8H, 7H, after treatment with D2O), 7.51-7.73 (m, 2H),
8.02 (broad s, 1H, disappeared on treatment with D2O),11.58
ppm (broad s, 1H, disappeared on treatment with D2O). IR
(Nujol): ν 1730, 3280, 3400 cm-1. Anal. (C15H12N2OS (368.33))
C, H, N, S. Thus, compounds 2, 54-64 and 70-84 were
prepared.
3-[(2-Amino-5-chlorophenyl)thio]-1H-indole-2-carboxyamide (54), yield 64%, mp 200-202 °C (from toluene/
cyclohexane). 1H NMR (DMSO-d6): δ 5.63 (broad s, 2H,
disappeared on treatment with D2O), 6.65-6.78 (m, 2H), 6.94
(dd, J ) 2.3 and 8.6 Hz, 1H), 7.14 (t, J ) 7.4 Hz, 1H), 7.29 (t,
J ) 7.4 Hz, 1H), 7.43-7.65 (m, 2H), 7.83 and 7.99 (two broad
s, 2H, disappeared on treatment with D2O) 12.21 ppm (broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1655,
3280, 3380 cm-1. Anal. (C15H12ClN3OS (317.79)) C, H, N, S.
5-Chloro-3-(phenylthio)-1H-indole-2-carboxyamide (55),
yield 51%, mp 212-213 °C (from toluene/cyclohexane), lit.8 mp
213-215 °C. 1H NMR (DMSO-d6): δ 7.05-7.35 (m, 6H), 7.44
(d, J ) 1.9 Hz, 1H), 7.56 (d, J ) 8.7 Hz, 1H), 7.77 and 8.05
(two broad s, 2H, disappeared on treatment with D2O), 12.53
ppm (broad s, 1H, disappeared on treatment with D2O). IR
(Nujol): ν 1635, 3120, 3385 cm-1.
5-Chloro-3-[(2-methylphenyl)thio]-1H-indole-2-carboxyamide (56), yield 94%, mp 222-224 °C (from ethanol).
1H NMR (DMSO-d ): δ 2.47 (s, 3H), 6.47 (d, J ) 7.8 Hz, 1H),
6
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6.89-7.12 (m, 2H), 7.18-7.41 (m, 2H), 7.60 (d, J ) 8.7 Hz,
1H), 7.70 and 7.96 (two broad s, 2H, disappeared on treatment
with D2O), 8.79 ppm (broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1645, 3260, 3300, 3420 cm-1. Anal.
(C16H13ClN2OS (316.80)) C, H, N, S, Cl.
5-Chloro-3-[(4-methylphenyl)thio]-1H-indole-2-carboxyamide (57), yield 69%, mp 232-235 °C (from ethanol).
1
H NMR (DMSO-d6): δ 2.21 (s, 3H), 6.99 and 7.08 (two d, J )
8.4 Hz, 4H), 7.30 (dd, J ) 1.8 and 8.7 Hz, 1H), 7.44 (d, J ) 1.8
Hz, 1H), 7.54 (d, J ) 8.7 Hz, 1H), 7.79 and 8.09 (two broad s,
disappeared on treatment with D2O), 12.51 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1650, 3200,
3300, and 3440 cm-1. Anal. (C16H13ClN2OS (316.80)) C, H, N,
S, Cl.
5-Chloro-3-[(4-fluorophenyl)thio]-1H-indole-2-carboxyamide (58), yield 52%, mp 210-212 °C (from ethanol). 1H
NMR (DMSO-d6): δ 7.12 (s, 2H), 7.16 (s, 2H), 7.31 (dd, J )
1.9 and 8.6 Hz, 1H), 7.46 (d, J ) 1.9 Hz, 1H), 7.55 (d, J ) 8.6
Hz, 1H), 7.81 and 8.10 (two broad s, 2H, disappeared on
treatment with D2O), 12.55 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1675, 3120, 3360, and 3440
cm-1. Anal. (C15H10ClFN2OS (320.76)) C, H, N, S, Cl, F.
5-Chloro-3-[(4-chlorophenyl)thio]-1H-indole-2-carboxyamide (59), yield 57%, mp 232-233 °C (from ethanol). 1H
NMR (DMSO-d6): δ 7.06 (d, J ) 8.5 Hz, 2H), 7.24-7.38 (m,
3H), 7.43 (m, 1H), 7.55 (d, J ) 8.7 Hz, 1H), 7.75 and 8.08 (two
broad s, 2H, disappeared on treatment with D2O), 12.58 ppm
(broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1660, 3200, 3320, and 3460 cm-1. Anal. (C15H10Cl2N2OS (337.22)) C, H, N, S, Cl.
5-Chloro-3-[(4-isopropylphenyl)thio]-1H-indole-2-carboxyamide (60), yield 75%, mp 195 °C (from ethanol). 1H
NMR (DMSO-d6): δ 1.12 (d, J ) 6.7 Hz, 6H), 2.79 (sp, J ) 6.7
Hz, 1H), 7.02 and 7.14 (two d, J ) 8.2 Hz, 4H), 7.29 (dd, J )
1.6 and 8.7 Hz, 1H), 7.46 (d, J ) 1.6 Hz, 1H), 7.55 (d, J ) 8.7
Hz, 1H), 7.79 and 8.02 (two broad s, 2H, disappeared on
treatment with D2O), 12.48 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1640, 3280, and 3370 cm-1.
Anal. (C18H17ClN2OS (344.85)) C, H, N, S, Cl.
5-Chloro-3-[(4-tert-butylphenyl)thio]-1H-indole-2-carboxyamide (61), yield 100%, mp 234-235 °C (from ethanol).
1H NMR (DMSO-d ): δ 1.20 (s, 9H), 7.01 (d, J ) 8.5 Hz, 2H),
6
7.22-7.34 (m, 3H), 7.47 (d, J ) 1.9 Hz, 1H), 7.55 (d, J ) 8.7
Hz,1H), 7.78 and 8.00 (two broad s, 2H, disappeared on
treatment with D2O), 12.46 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1630-50, 3160, 3280, 3420
cm-1. Anal. (C19H19ClN2OS (358.82)) C, H, N, S, Cl.
5-Chloro-3-[(3,5-dimethylphenyl)thio]-1H-indole-2-carboxyamide (62), yield 91%, mp 201-203 °C (from ethanol).
1H NMR (DMSO-d ): δ 2.14 (s, 6H), 6.69 (m, 2H), 6.79 (m,
6
1H), 7.30 (dd, J ) 1.6 and 8.6 Hz, 1H), 7.44 (d, J ) 1.6 Hz,
1H), 7.55 (d, J ) 8.6 Hz, 1H), 7.73 and 8.01 (two broad s, 2H,
disappeared on treatment with D2O), 12.46 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1650, 3260,
and 3440 cm-1. Anal. (C17H15ClN2OS (330.83)) C, H, N, S, Cl.
5-Chloro-3-[(2,6-dichlorophenyl)thio]-1H-indole-2-carboxyamide (63), yield 97%, mp 242-245 °C (from ethanol).
1H NMR (DMSO-d ): δ 7.12 (dd, J ) 0.6 and 2.0 Hz, 1H), 7.20
6
(dd, J ) 2.0 and 8.7 Hz, 1H), 7.38 (dd, J ) 7.0 and 8.9 Hz,
1H), 7.46 (dd, J ) 0.6 and 8.7 Hz, 1H), 7.52-7.59 (two d, J )
7.0 and 8.9 Hz, 2H), 7.74 and 8.03 (two broad s, 2H, disappeared on treatment with D2O), 12.25 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1630, 3180,
and 3380 cm-1. Anal. (C15H9Cl3N2OS (371.66)) C, H, N, S, Cl.
5-Chloro-3-[(2-amino-5-chlorophenyl)thio]-1H-indole2-carboxyamide (64), yield 85%, mp 233-235 °C (from
ethanol). 1H NMR (DMSO-d6): δ 5.70 (broad s, 2H, disappeared on treatment with D2O), 6.71 (d, J ) 8.6 Hz, 1H), 6.76
(d, J ) 2.4 Hz, 1H), 6.97 (dd, J ) 2.4 and 8.6 Hz, 1H), 7.29
(dd, J ) 1.9 and 8.7 Hz, 1H), 7.52 (d, J ) 8.7 Hz, 1H), 7.56 (d,
J ) 1.9 Hz, 1H), 7.88 and 8.10 (two broad s, 2H, disappeared
on treatment with D2O), 12.40 ppm (broad s, 1H, disappeared
on treatment with D2O). IR (Nujol): ν 1670, 3100, 3310, 3370,
and 3420 cm-1. Anal. (C15H11Cl2N3OS (352.24)) C, H, N, S, Cl.

3-(Phenylsulfonyl)-1H-indole-2-carboxyamide (70), yield
40%, mp 226-227 °C (from ethanol). 1H NMR (CD3COCD3):
δ 7.24-7.72 (m, 8H, 7H, 6H, after treatment with D2O), 7.968.12 (m, 2H), 8.24 (m, 1H), 9.11 (broad s, 1H, disappeared on
treatment with D2O), 11.88 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1660, 3170, 3270, 3370
cm-1. Anal. (C15H12N2O3S (300.05)) C, H, N, S.
3-[(2-Amino-5-chlorophenyl)sulfonyl]-1H-indole-2-carboxyamide (71), yield 40%, mp 238-239 °C (from aqueous
ethanol). 1H NMR (CDCl3): δ 4.99 (broad s, 2H, disappeared
on treatment with D2O), 6.12 (broad s, 1H, disappeared on
treatment with D2O), 6.58 (d, J ) 8.8 Hz, 1H), 7.15-7.55 (m,
4H), 7.76 (d, J ) 2.3 Hz, 1H), 8.02 (d, J ) 7.9 Hz, 1H), 9.15
(broad s, 1H, disappeared on treatment with D2O), 10.19 ppm
(broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1645, 3225, and 3380 cm-1. Anal. (C15H12ClN3O3S
(349.79)) C, H, N, S, Cl.
5-Chloro-3-[(2-methylphenyl)sulfonyl]-1H-indole-2-carboxyamide (72), yield 82%, mp 260-261 °C (from ethanol).
1H NMR (DMSO-d ): δ 2.39 (s, 3H), 7.27-7.64 (m, 5H), 7.81
6
(d, J ) 1.7 Hz, 1H), 8.03 (dd, J ) 1.1 and 7.9 Hz, 1H), 8.23
and 8.29 (two partially overlapped broad s, 2H, disappeared
on treatment with D2O), 13.11 ppm (broad s, 1H, disappeared
on treatment with D2O). IR (Nujol): ν 1670, 3290, 3220, 3410
cm-1. Anal. (C16H13ClN2O3S (348.80)) C, H, N, S, Cl.
5-Chloro-3-[(3-methylphenyl)sulfonyl]-1H-indole-2-carboxyamide (73), yield 87%, mp 265-268 °C (from aqueous
ethanol). 1H NMR (DMSO-d6): δ 2.36 (s, 3H), 7.34 (m, 1H),
7.40-7.58 (m, 3H), 7.77-7.88 (m, 2H), 7.95 (m, 1H), 8.24 and
8.47 (two broad s, 1H, disappeared on treatment with D2O),
13.02 ppm (broad s, 1H, disappeared on treatment with D2O).
IR (Nujol): ν 1650, 3180, 3380 cm-1. Anal. (C16H13ClN2O3S
(348.80)) C, H, N, S, Cl.
5-Chloro-3-[(4-methylphenyl)sulfonyl]-1H-indole-2-carboxyamide (74), yield 90%, mp >300 °C (from ethanol). 1H
NMR (DMSO-d6): δ 2.33 (s, 3H), 7.28-7.46 (m, 3H), 7.54 (d,
J ) 8.7 Hz, 1H), 7.86-7.99 (m, 3H), 8.27 and 8.51 (two broad
s, disappeared on treatment with D2O), 13.08 ppm (broad s,
1H, disappeared on treatment with D2O). IR (Nujol): ν 1660,
3200, and 3380 cm-1. Anal. (C16H13ClN2O3S (348.80)) C, H, N,
S, Cl.
5-Chloro-3-[(4-fluorophenyl)sulfonyl]-1H-indole-2-carboxyamide (75), yield 94%, mp 229-230 °C (from ethanol).
1H NMR (DMSO-d ): δ 7.29-7.58 (m, 4H), 7.95 (m, 1H), 8.076
8.21 (m, 2H), 8.24 and 8.47 (two broad s, 2H, disappeared on
treatment with D2O), 13.11 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1650, 3150, 3230 cm-1.
Anal. (C15H10ClFN2O3S (352.76)) C, H, N, S, Cl, F.
5-Chloro-3-[(4-chlorophenyl)sulfonyl]-1H-indole-2-carboxyamide (76), yield 90%, mp >300 °C (from ethanol). 1H
NMR (DMSO-d6): δ 7.36 (m, 1H), 7.55 (d, J ) 8.6 Hz, 1H),
7.68 (d, J ) 8.2 Hz, 2H), 7.94 (m, 1H), 8.07 (d, J ) 8.2 Hz,
2H), 8.23 and 8.45 (two broad s, 2H, disappeared on treatment
with D2O), 13.15 ppm (broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1650, 3150, 3230, and 3440 cm-1.
Anal. (C15H10Cl2N2O3S (369.22)) C, H, N, S, Cl.
5-Chloro-3-[(4-isopropylphenyl)sulfonyl]-1H-indole-2carboxyamide (77), yield 79%, mp 272-275 °C (from ethanol). 1H NMR (DMSO-d6): δ 1.15 (d, J ) 6.8 Hz, 6H), 2.92
(sp, J ) 6.8 Hz, 1H), 7.35 (dd, J ) 1.9 and 8.6 Hz, 1H), 7.46
(d, J ) 8.4 Hz, 2H), 7.55 (d, J ) 8.6 Hz, 1H), 7.90 and 8.02 (m,
3H), 8.24 and 8.50 (two broad s, 2H, disappeared on treatment
with D2O), 13.03 ppm (broad s, 1H, disappeared on treatment
with D2O). IR (Nujol): ν 1660, 3140, and 3380 cm-1. Anal.
(C18H17ClN2O3S (376.66)) C, H, N, S, Cl.
5-Chloro-3-[(4-tert-butylphenyl)sulfonyl]-1H-indole-2carboxyamide (78), yield 100%, mp 276-277 °C (from
ethanol). 1H NMR (DMSO-d6): δ 1.25 (s, 9H), 7.44 (dd, J )
1.9 and 8.7 Hz, 1H), 7.54 (d, J ) 8.7 Hz, 1H), 7.61 and 7.94
(two d, J ) 8.6 Hz, 4H), 7.98 (d, J ) 1.9 Hz, 1H), 8.22 and
8.48 (two broad s, 2H, disappeared on treatment with D2O),
12.99 ppm (broad s, 1H, disappeared on treatment with D2O).
IR (Nujol): ν 1660, 3180, 3280, and 3430 cm-1. Anal. (C19H19ClN2O3S (390.88)) C, H, N, S, Cl.
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5-Chloro-3-[(2,4-dimethylphenyl)sulfonyl]-1H-indole2-carboxyamide (79), yield 89%, mp 217-220 °C (from
aqueous ethanol). 1H NMR (DMSO-d6): δ 2.32 (s, 6H), 7.16
(s, 1H), 7.22-7.40 (m, 2H), 7.58 (d, J ) 8.8 Hz, 1H), 7.80 (s,
1H), 9.94 (d, J ) 8.1 Hz, 1H), 8.26 and 8.32 (two broad s, 2H,
disappeared on treatment with D2O), 13.07 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1660, 3180,
3280 and 3420 cm-1. Anal. (C17H15ClN2O3S (362.83)) C, H, N,
S, Cl.
5-Chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole2-carboxyamide (80), yield 85%, mp 274-277 °C (from
ethanol). 1H NMR (DMSO-d6): δ 2.31 (s, 6H), 7.26 (m, 1H),
7.34 (dd, J ) 1.6 and 8.7 Hz, 1H), 7.57 (d, J ) 8.7 Hz, 1H),
7.63 (m, 2H), 7.96 (d, J ) 1.6 Hz, 1H), 8.21 and 8.46 (two broad
s, 2H, disappeared on treatment with D2O), 13.02 ppm (broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1680,
3220, and 3340 cm-1. Anal. (C17H15ClN2O3S (362.83)) C, H, N,
S, Cl.
5-Chloro-3-[(2,6-dichlorophenyl)sulfonyl]-1H-indole-2carboxyamide (81), yield 100%, mp 288-290 °C (from
ethanol). 1H NMR (DMSO-d6): δ 7.37 (dd, J ) 2.1 and 8.8 Hz,
1H), 7.54-7.66 (m, 4H), 7.94 (dd, J ) 0.4 and 2.1 Hz,1H), 8.14
(broad s, 2H, disappeared on treatment with D2O), 13.16 ppm
(broad s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1670, 3160, 3300, and 3440 cm-1. Anal. (C15H9Cl3N2O3S
(403.66)) C, H, N, S, Cl.
5-Chloro-3-[(2-amino-5-chlorophenyl)sulfonyl]-1H-indole-2-carboxyamide (82), yield 87%, mp 225-227 °C (from
aqueous ethanol). 1H NMR (DMSO-d6): δ 6.54 (broad s, 2H,
disappeared on treatment with D2O), 6.73 (d, J ) 8.9 Hz, 1H),
7.20-7.39 (m, 2H), 7.53 (d, J ) 8.6 Hz, 1H), 7.64 (m, 1H), 7.80
(d, J ) 2.3 Hz, 1H), 8.27 and 8.48 (two broad s, 2H, disappeared on treatment with D2O), 13.00 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1660, 3280,
3360, cm-1. Anal. (C15H11Cl2N3O3S (384.24)) C, H, N, S, Cl.
5-Bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole2-carboxyamide (83), yield 42%, mp >300 °C (from aqueous
DMF). 1H NMR (DMSO-d6): δ 2.31 (s, 6H), 7.26 (m, 1H), 7.46
(m, 2H), 7.62 (m, 2H), 8.10 (m, 1H), 8.31 and 8.46 (two broad
s, 1H, disappeared on treatment with D2O), 13.05 ppm (broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1680,
3210, 3360 cm-1. Anal. (C17H15BrN2O3S (407.28)) C, H, N,
S, Br.
5-Acetyl-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2carboxyamide (84), yield 54%, mp >300 °C (from ethanol).
1H NMR (DMSO-d ): δ 2.30 (s, 6H), 2.64 (s, 3H), 7.26 (m, 1H),
6
7.58 (d, J ) 8.7 Hz, 1H), 7.49 (m, 2H), 7.91 (dd, J ) 1.7 and
8.7 Hz, 1H), 8.31 and 8.50 (two broad s, 1H, disappeared on
treatment with D2O), 8.60 (d, J ) 1.7 Hz, 1H), 13.1 ppm (broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1670,
3150, 3250, 3350 cm-1. Anal. (C19H18N2O4S (370.42)) C, H,
N, S.
5-Chloro-3-(phenylsulfonyl)-1H-indole-2-carboxyamide (2), yield 65%, mp 254-255 °C (from toluene), lit.8
mp 255-257 °C. 1H NMR (DMSO-d6): δ 7.35 (m, 1H), 7.487.62 (m, 4H), 7.94-8.12 (m, 3H), 8.25 and 8.49 (two broad s,
2H, disappeared on treatment with D2O), 12.80 ppm (broad s,
1H, disappeared on treatment with D2O). IR (Nujol): ν 1660,
3220, 3380 cm-1.
General Procedure for the Synthesis of Hydrazides
65-69 and 86-92. Example. 5-Chloro-3-(phenylthio)-1Hindole-2-carboxyhydrazide (65). A mixture of methyl 5-chloro-3-(phenylthio)-1H-indole-2-carboxylate (26) (0.54 g, 0.0017
mol), hydrazine hydrate (4 mL), and ethanol (4 mL) was heated
at 60 °C for 1.5 h. After quenching on crushed ice, the solid
which formed was filtered, washed with water, and dried to
afford 65, yield 80%, mp 231 °C (from ethanol). 1H NMR
(DMSO-d6): δ 4.73 (broad s, 2H, disappeared on treatment
with D2O), 6.98-7.34 (m, 6H), 7.39 (m, 1H), 7.55 (d, J ) 8.7
Hz, 1H), 4.38 (broad s, 1H, disappeared on treatment with
D2O), 12.55 ppm (broad s, 1H, disappeared on treatment with
D2O). IR (Nujol): ν 1630, 3210 cm-1. Anal. (C15H12ClN3OS
(317.79)) C, H, N, S, Cl. Thus, compounds 66-69 and 86-92
were prepared.

5-Chloro-3-[(4-methylphenyl)thio]-1H-indole-2-carboxyhydrazide (66), yield 90%, mp 249-250 °C (from
ethanol). 1H NMR (DMSO-d6): δ 2.21 (s, 3H), 4.74 (broad s,
2H, disappeared on treatment with D2O), 6.96 and 7.07 (two
d, J ) 8.2 Hz, 4H), 7.28 (dd, 1H, J ) 1.9 and 8.2 Hz), 7.39 (d,
J ) 1.9 Hz, 1H), 7.53 (d, J ) 8.7 Hz, 1H), 4.37 (broad s, 1H,
disappeared on treatment with D2O), 12.52 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1630, 3300
and 3380 cm-1. Anal. (C15H14ClN3OS (331.81)) C, H, N, S, Cl.
5-Chloro-3-[(4-fluorophenyl)thio]-1H-indole-2-carboxyhydrazide (67), yield 90%, mp 235-236 °C (from ethanol).
1
H NMR (DMSO-d6): δ 4.74 (broad s, 2H, disappeared on
treatment with D2O), 7.10 (s, 2H), 7.13 (s, 2H), 7.28 (dd, J )
2.0 and 8.7 Hz, 1H), 7.41 (d, J ) 2.0 Hz, 1H), 7.54 (d, J ) 8.7
Hz, 1H), 9.43 (broad s, 1H, disappeared on treatment with
D2O) 12.55 ppm (broad s, 1H, disappeared on treatment with
D2O). IR (Nujol): ν 1635, 3240 cm-1. Anal. (C15H11ClFN3OS
(335.78)) C, H, N, S, Cl, F.
5-Chloro-3-[(4-chlorophenyl)thio]-1H-indole-2-carboxyhydrazide (68), yield 100%, mp 247-248 °C (from ethanol).
1
H NMR (DMSO-d6): δ 4.74 (broad s, 2H, disappeared on
treatment with D2O), 7.03 (d, J ) 8.5 Hz, 2H), 7.25-7.36 (m,
3H), 7.39 (m, 1H), 7.55 (d, J ) 8.7 Hz, 1H), 9.42 (broad s, 1H,
disappeared on treatment with D2O) 12.60 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1630, 3240
cm-1. Anal. (C15H11Cl2N3OS (352.23)) C, H, N, S, Cl.
5-Chloro-3-[(2-amino-5-chlorophenyl)thio]-1H-indole2-carboxyhydrazide (69), yield 87%, mp 265-268 °C (from
ethanol). 1H NMR (DMSO-d6): δ 4.78 (broad s, 2H, disappeared on treatment with D2O), 5.74 (broad s, 2H, disappeared
on treatment with D2O), 6.71 (d, J ) 8.4 Hz, 1H), 6.85 (d, J )
2.2 Hz, 1H), 6.97 (dd, J ) 2.2 and 8.4 Hz, 1H), 7.27 (dd, J )
1.9 and 8.7 Hz, 1H), 7.45-7.56 (m, 2H), 9.57 (broad s, 1H,
disappeared on treatment with D2O), 12.38 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1630, 3250,
3300, 3420 cm-1. Anal. (C15H12Cl2N4OS (367.25)) C, H, N,
S, Cl.
3-(Phenylsulfonyl)-1H-indole-2-carboxyhydrazide (86),
yield 100%, mp 225-227 °C (from ethanol). 1H NMR (DMSOd6): δ 4.79 (broad s, 2H, disappeared on treatment with D2O),
7.18-7.38 (m, 2H), 7.43-7.69 (m, 4H), 7.70-8.12 (m, 3H),
10.06 (broad s, 1H, disappeared on treatment with D2O), 12.81
ppm (s, 1H). Anal. (C15H13N3O3S (301.34)) C, H, N, S.
5-Chloro-3-(phenylsulfonyl)-1H-indole-2-carboxyhydrazide (87), yield 100%, mp > 300 °C (from ethanol). 1H
NMR (DMSO-d6): δ 4.77 (broad s, 2H, disappeared on treatment with D2O), 7.34 (m, 1H), 7.50-7.67 (m, 4H), 7.93 (m, 1H),
8.02-8.14 (m, 2H), 10.11 (broad s, 1H, disappeared on treatment with D2O), 13.29 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1635, 3180, 3280 cm-1.
Anal. (C15H12ClN3O3S (349.79)) C, H, N, S, Cl.
5-Chloro-3-[(4-methylphenyl)sulfonyl]-1H-indole-2-carboxyhydrazide (88), yield 100%, mp >300 °C (from ethanol).
1
H NMR (DMSO-d6): δ 2.34 (s, 3H), 4.81 (broad s, 2H,
disappeared on treatment with D2O), 7.30-7.43 (m, 3H), 7.52
(d, J ) 7.9 Hz, 1H), 7.78-8.02 (m, 3H), 10.08 (broad s, 1H,
disappeared on treatment with D2O), 13.07 ppm (very broad
s, 1H, disappeared on treatment with D2O). IR (Nujol): ν 1640,
3310 and 3390 cm-1. Anal. (C16H14ClN3O3S (363.81)) C, H, N,
S, Cl.
5-Chloro-3-[(4-fluorophenyl)sulfonyl]-1H-indole-2-carboxyhydrazide (89), yield 90%, mp 252-253 °C (from
ethanol). 1H NMR (DMSO-d6): δ 4.81 (broad s, 2H, disappeared on treatment with D2O), 7.28-7.58 (m, 4H), 7.94 (m,
1H), 8.12-8.24 (m, 2H), 10.10 (broad s, 1H, disappeared on
treatment with D2O), 13.13 ppm (broad s, 1H, disappeared on
treatment with D2O). IR (Nujol): ν 1640, 3190, 3280 cm-1.
Anal. (C15H11ClFN3O3S (367.78)) C, H, N, S, Cl, F.
5-Chloro-3-[(4-chlorophenyl)sulfonyl]-1H-indole-2-carboxyhydrazide (90), yield 100%, mp 247-248 °C (from
ethanol). 1H NMR (DMSO-d6): δ 4.80 (broad s, 2H, disappeared on treatment with D2O), 7.35 (dd, J ) 1.6 and 8.7 Hz,
1H), 7.53 (d, J ) 8.7 Hz, 1H), 7.66 (d, J ) 8.5 Hz, 2H), 7.93 (d,
J ) 1.6 Hz, 1H), 8.11 (d, J ) 8.5 Hz, 2H), 10.07 (broad s, 1H,
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disappeared on treatment with D2O) 13.15 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1640, 3180,
3300 cm-1. Anal. (C15H11Cl2N3O3S (384.23)) C, H, N, S, Cl.
5-Chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole2-carboxyhydrazide (91), yield 82%, mp >300 °C (from
ethanol).1H NMR (DMSO-d6): δ 2.27 (s, 6H), 4.80 (very broad
s, 2H, disappeared on treatment with D2O), 7.20 (s, 1H), 7.28
(dd, J ) 2.0 and 8.7 Hz, 1H), 7.48 (d, J ) 8.7 Hz, 1H), 7.65 (s,
2H), 7.89 (d, J ) 2.0 Hz, 1H), 10.05 ppm (broad s, 1H,
disappeared on treatment with D2O). Anal. (C17H16ClN3O3S
(377.84)) C, H, N, S, Cl.
5-Chloro-3-[(2-amino-5-chlorophenyl)sulfonyl]-1H-indole-2-carboxyhydrazide (92), yield 92%, mp 218-220 °C
(from aqueous ethanol).1H NMR (DMSO-d6): δ 4.82 (broad s,
2H, disappeared on treatment with D2O), 6.63 (broad s, 2H,
disappeared on treatment with D2O), 6.74 (d, J ) 8.9 Hz, 1H),
7.23-7.38 (m, 2H), 7.53 (d, J ) 8.8 Hz, 1H), 7.61 (d, J ) 1.6
Hz, 1H), 7.84 (d, J ) 2.4 Hz, 1H), 10.20 (broad s, 1H,
disappeared on treatment with D2O), 13.04 ppm (broad s, 1H,
disappeared on treatment with D2O). IR (Nujol): ν 1640, 3300,
3450 cm-1. Anal. (C15H12Cl2N4O3S (399.35)) C, H, N, S, Cl.
5-(1-Hydroxyethyl)-3-(3,5-dimethylphenylsulfonyl)-1Hindole-2-carboxyamide (85) Sodium borohydride (0.03 g,
0.0008 mol) was added to a mixture of 5-acetyl-3-(3,5-dimethylphenylsulfonyl)-1H-indole-2-carboxyamide (84) (0.30 g, 0.0008
mol) in THF (8.5 mL) containing 0.1 mL of water, and then
the reaction was refluxed for 1 h. After cooling, water was
added while stirring for a few minutes, and then the mixture
was extracted with ethyl acetate. The organic extracts were
washed with brine, dried, and evaporated to dryness to give
85, yield 83%, mp 260-262 °C (from ethanol). 1H NMR
(DMSO-d6): δ 1.36 (d, J ) 6.4 Hz, 3H), 4.80 (m, 1H, showed
q, J ) 6.4 Hz after treatment with D2O), 5.21 (d, J ) 4.1 Hz,
disappeared on treatment with D2O), 7.19 (m, 1H), 7.25 (dd,
J ) 1.5 and 8.7 Hz, 1H), 7.38 (d, J ) 8.7 Hz, 1H), 7.54 (m,
2H), 7.91 (m, 1H), 8.16 and 8.54 (two broad s, 1H, disappeared
on treatment with D2O), 12.7 ppm (broad s, 1H, disappeared
on treatment with D2O). IR (Nujol): ν 1660, 3160, 3250, 3350,
3530 cm-1. Anal. (C19H20N2O4S (372.43)) C, H, N, S.
N-(3,5-Dimethylphenylthio)succinimide. 3,5-Dimethylthiophenol (2.76 g, 0.02 mol) was added by a syringe to an
ice-cooled mixture of N-chlorosuccinimide (3.34 g, 0.025 mol)
and anhydrous dichloromethane (30 mL) under argon atmosphere. After 1 h, N-chlorosuccinimide (0.4 g, 0.003 mol) was
added, and then the reaction was stirred for 2.5 h. Triethylamine (3.9 mL, 0.028 mol) was added while stirring for 15 min,
and then dichloromethane and 1 N HCl were added. After
shaking, the organic layer was dried, concentrated to a small
volume, and passed through a Celite column. After evaporation
of the solvent, the residue was triturated with diethyl ether
to give 3.0 g (64%) of title compound, mp 131-134 °C. 1H NMR
(CDCl3): δ 2.29 (s, 6H), 2.83 (s, 4H), 6.98 (s, 1H), 7.25 ppm (s,
2H).
N-(3-Methylphenylthio)succinimide was prepared as
N-(3,5-dimethylphenylthio)succinimide by using 3-methylthiophenol, yield 48%, mp 98-100 °C. 1H NMR (CDCl3): δ 2.29
(s, 6H), 2.83 (s, 4H), 6.98 (s, 1H), 7.25 ppm (s, 3H).
Antiviral Assay Procedures. Compounds. Compounds
were solubilized in DMSO at 200 mM and then diluted in
culture medium.
Cells and Viruses. MT-4, C8166, and H9/IIIB cells were
grown at 37°C in a 5% CO2 atmosphere in RPMI 1640 medium
and supplemented with 10% fetal calf serum (FCS), 100 IU/
mL penicillin G, and 100 µg/mL streptomycin. Cell cultures
were checked periodically for the absence of mycoplasma
contamination with a MycoTect Kit (Gibco). Human immunodeficiency viruses type-1 (HIV-1, IIIB strain) was obtained
from supernatants of persistently infected H9/IIIB cells. The
HIV-1 stock solutions had titers of 4.5 × 106 50% cell culture
infectious dose (CCID50)/mL. The K103R-V179D-P225H mutant was derived from an IIIB strain passaged in C8166 cells
in the presence of Efavirenz (up to 2 µM). The Y181C mutant
(NIH N119) derives from an AZT-sensitive clinical isolate
passaged initially in CEM, and then in MT-4 cells, in the

presence of nevirapine (10 µM). The K103N-Y181C (NIH A17)
derives from the IIIB strain passaged in H9 cells in the
presence of BI-RG 587 (1 µM). K103R-V179D-P225H, Y181C
and K103N-Y181C stock solutions had titers of 3.0 × 105
CCID50/mL, 1.3 × 106 CCID50/mL and 2.5 × 105 CCID50 / mL,
respectively.
HIV Titration. Titration of HIV was performed in C8166
cells by the standard limiting dilution method (dilution 1:2,
four replica wells per dilution) in 96-well plates. The infectious
virus titer was determined by light microscope scoring of
syncytia after 4 days of incubation. Virus titers were expressed
as CCID50/mL.
Anti-HIV Assays. The activity of test compounds against
multiplication of wt HIV-1, Y181C, and K103N-Y181C in
acutely infected cells was based on inhibition of virus-induced
cytopathicity in MT-4 cells. The activity of the compounds
against the K103R multiplication in acutely infected cells was
based on inhibition of p24 antigen in C8166 cells. Briefly, 50
µL of culture medium containing 1 × 104 cells were added to
each well of flat-bottom microtiter trays containing 50 µL of
culture medium with or without various concentrations of test
compounds. Then 20 µL of HIV suspensions (containing the
appropriate amount of CCID50 to cause complete cytopathicity
at day 4) were added. After incubation at 37°C, cell viability
was determined by the 3-(4,5-dimethylthiazol-1-yl)-2,5-diphenyltetrazolium bromide (MTT) method.15 Alternatively, p24
levels were determined by an immunoenzymatic kit (Abbott).
The cytotoxicity of test compounds was evaluated in parallel
with their antiviral activity and was based on the viability of
mock-infected cells, as monitored by the MTT method.
RT Assays. Assays were performed as previously described.16 Briefly, purified rRTs were assayed for their RNAdependent DNA polymerase activity in a 50 µL volume
containing 50 mM Tris-HCl (pH 7.8), 80 mM KCl, 6mM MgCl2,
1 mM DTT, 0.1 mg mL-1 BSA, 0.5 OD260 unit mL-1 template:
primer [poly(rC)-oligo(dG)12-18], and 10 mM [3H]dGTP (1 Ci
mmol-1). After incubation for 30 min at 37 °C, the samples
were spotted on glass fiber filters (Whatman GF/A), and the
acid-insoluble radioactivity was determined.
Statistical Analysis. Means ( SE for triplicate (cell-based
assays) or duplicate (enzyme assays) determinations are
reported. The statistical significance of differences was determined by a nonparametric Mann-Whitney test. P < 0.05 was
the criterion for significance.
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Abstract
The concepts of high-throughput (HT) screening and combinatorial synthesis have been integrated into the pharmaceutical
discovery process, but are not yet commonplace in the pharmaceutical development arena. Emerging strategies to speed
pharmaceutical development and capture solid form diversity of pharmaceutical substances have resulted in the emergence of
HT crystallization technologies. The primary type of diversity often refers to polymorphs, which are different crystal forms of
the same chemical composition. However, diverse salt forms, co-crystals, hydrates and solvates are also amenable to study in
HT crystallization systems. The impact of form diversity encompasses issues of stability and bioavailability, as well as
development considerations such as process definition, formulation design, patent protection and regulatory control. This
review highlights the opportunities and challenges of HT crystallization technologies as they apply to pharmaceutical research
and development.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction
Active pharmaceutical ingredients (APIs) are frequently delivered to the patient in the solid-state as part
of an approved dosage form (e.g., tablets, capsules,
etc.). Solids provide a convenient, compact and generally stable format to store an API or a drug product.
Understanding and controlling the solid-state chemistry of APIs, both as pure drug substances and in
formulated products, is therefore an important aspect
of the drug development process. APIs can exist in a
variety of distinct solid forms, including polymorphs,
solvates, hydrates, salts, co-crystals and amorphous
solids. Each form displays unique physicochemical
properties that can profoundly influence the bioavailability, manufacturability purification, stability and
other performance characteristics of the drug [1].
Hence, it is critical to understand the relationship
between the particular solid form of a compound and
its functional properties. Discovery and characterization of the diversity of solid forms of a drug substance
provide options from which to select a form that
exhibits the appropriate balance of critical properties
for development into the drug product. Importantly,
the desired properties may vary with each mode of
delivery (i.e., oral, pulmonary, parenteral, transdermal,
etc.), such that the solid form may differ for each
optimized dosage form. Given these options, the
choice and design of pharmaceutical solid forms can
be critically important to successful drug development.
Solid form discovery and design depends on the
nature of the molecule of interest and type of physical
property challenges faced in its development. The
preferred solid form is generally the thermodynamically most stable crystalline form of the compound
[1,2]. However, the stable crystal form of the parent
compound may exhibit inadequate solubility or dissolution rate resulting in poor oral absorption, particularly for water-insoluble compounds. In this case,
alternative solid forms may be investigated. For
ionizable compounds, preparation of salt forms using
pharmaceutically acceptable acids and bases is a
common strategy to improve bioavailability [1,3,4].

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

.
.
.
.

292
295
296
297

Like the parent compound, pharmaceutical salts may
exist in several polymorphic, solvated and/or hydrated
forms.
Most APIs and their salts are purified and isolated
by crystallization from an appropriate solvent during
the final step in the synthetic process. A large number
of factors can influence crystal nucleation and growth
during this process, including the composition of the
crystallization medium and the process(es) used to
generate supersaturation and promote crystallization
[1,5 –13]. The most notable variables of composition
and processing are summarized in Table 1. Solid form
screening is used to understand the effects that these
variables have on the polymorphic outcome of a
crystallization experiment, so that a robust process
can be identified to produce the desired crystal form.
Traditionally, the study of solid form diversity of
active compounds has relied on the use of a variety
of common process methods for generation of new
forms, coupled with modern characterization methods
for analysis of the solids produced [2,14]. Most often,
however, a combination of solvent recrystallization
(cooling or evaporative, as well as slurry conversion)
and thermal analysis (e.g., hot stage microscopy,
differential scanning calorimetry) are employed for
initial form screening. Such methods are inherently
slow and only allow exploration of a small fraction of
the composition and process space that can contribute
to form diversity. Before suggesting a form for development, scientists may have carried out only a few
dozen crystallization experiments and possibly prepared a handful of different salts of a compound. The
main reasons for the limited number of experiments
are the constraints on availability of compound and
scientists’ analytical capacity in a given time frame,
and they are therefore often forced to make form
selection decisions on incomplete data. Accordingly,
it is not surprising that unexpected and undesired
outcomes can, and do, occur later on in development.
Despite more than a century of research [15], the
fundamental mechanisms and molecular properties
that drive crystal form diversity, specifically the
nucleation of polymorphic forms, are not well under-
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Table 1
Crystallization composition and processing variables [1,2,8]
Process variablesa

Composition type
Polymorph/
solvates
n

n

n

n

Salts/
co-crystals

Thermal

Anti-solvent

Evaporation

Slurry conversion

Rate of
evaporation

n

Solvent/
solvent
combinations
Degree of
supersaturation
Additive type

n

Counter-ion
type

n

Heating rate

n Anti-solvent
type

n

Acid/base
ratio
n Solvent/
solvent
combinations

n

Cooling rate

n Rate of antisolvent addition
n Temperature
of anti-solvent
addition

n

Evaporation time

n

Carrier gas

Additive
concentration

n

Degree of
super-saturation
n Additive type
and concentration
n pH
n Ionic strength

n

n Time of antisolvent addition

n

a

n

Maximum
temperature

n

Incubation
temperature(s)
n Incubation time

Surface-volume
ratio

Solvent type

Incubation
temperature
n Incubation
time
n

Other variables
n

Mixing rate

n

Impeller design

n Crystallization
vessel design
(including
capillaries, etc.)

Thermal cycling
and gradients

n

Applicable to all types of screens.

stood [13,16]. As a result, predictive methods of
assessing polymorphic behavior of pharmaceutical
compounds by ab initio calculations remain a formidable challenge. Even in cases where the existence of
a crystalline form is predicted, the stability relative to
other crystalline packing arrangements has been difficult to estimate with accuracy [17]. Moreover, the
prediction of packing structures for multicomponent
(e.g., solvates, hydrates, co-crystals) or ionic systems
is not yet possible [17]. Due to these limitations, solid
form discovery remains an experimental exercise,
where manual screening methods are employed to
explore form diversity of a compound.
Control over solid form throughout the drug
development process is of paramount importance.
Reliable preparation and preservation of the desired
form of the drug substance must be demonstrated,
and has become increasingly scrutinized by regulatory agencies as more sensitive and quantitative
solid-state analytical methods have become available
[18]. Many strategies to influence and control the
crystallization process to produce the solid form of
interest have been reported. Some examples include
stereochemical control using tailor-made auxiliaries
[19 – 21], targeted solvent recrystallization [22 – 24],
and templating using a variety of surfaces (e.g.,
organic single crystal substrates [25], surfaces of
metastable crystal faces [25,26], inorganic crystal

surfaces [27] and polymeric materials [28]). Recent
studies have also begun to uncover the role of
reaction byproducts and other impurities in determining polymorphic outcome and crystal properties
[29 – 32], and in fact, it has been shown that in some
cases such species can stabilize metastable crystal
forms [33,34]. In addition, new processing methods
continue to be developed to improve discovery and
characterization of new forms, including precipitation
by supercritical fluid [35,36], laser induced nucleation [37 –39] and capillary crystallization [40 –42].
However, there remains a lack of fundamental understanding of the nucleation process and the specific
factors that contribute to crystallization of diverse
forms of a compound [13,21,23]. In order to fully
control the crystallization process, the link between
the physical or chemical processes that influence
nucleation and crystal growth needs to be better
established. It is in this area that new experimental
methodologies have the potential to enable development of this knowledge base.
There is reason to believe that the already complicated landscape of pharmaceutical solid forms will
become even more complex in the future. It is now
increasingly appreciated that hydrogen bonded cocrystal structures between active agents and molecules
other than water or solvent can be prepared. For
example, co-crystals of aspirin, rac-ibuprofen and
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rac-flurbiprofen have been prepared by disrupting the
carboxylic acid dimers using 4,4V-bipyridine [43].
These structures are formally molecular compounds
(or co-crystals) but do not involve formation of
covalent bonds or charge transfer from or to the active
substance. Recent demonstrations of these principles
with drug compounds have been published [43 – 45].
Exploration of a given compound’s polymorphs,
hydrates, solvates, salts, co-crystals and combinations
of all of these appears intractable by conventional
experimental methods, and as the number of potential
methods for exploring and controlling crystal form
diversity continue to expand, existing strategies will
become increasingly inadequate. In an effort to understand form diversity in a more comprehensive
manner, high-throughput (HT) crystallization systems
have recently been developed. This methodology uses
a combinatorial approach to solid form generation,
where large arrays of conditions and compositions are
processed in parallel. Experiments are performed at
small scale to reduce the material demand and to
afford the largest number of conditions possible.
The large number of crystallization trials performed
in these experiments reflects the reality that nucleation
rate has an extremely non-linear dependence on the
experimental conditions, and as such, the probability
of a chance occurrence of a particular form is increased by a HT approach. Supersaturation (solubility)
and induction time of the various possible solid forms
are independently controlled by these conditions,
resulting in highly non-linear time dependence of
crystallization. In addition, the combinatorial approach permits exploration of a chemical continuum,
where use of many solvent mixtures may allow one to
assess what underlying physical or chemical processes
are required to produce a particular solid form. Once a
variety of conditions that can be used to produce a
given crystal form on the microscale are identified in
the HT screen, scale-up studies are typically conducted to optimize the process for laboratory scale
production.
In this review, the development and application of
novel HT crystallization technologies for exploration
of solid form diversity are discussed. The operational
features of a fully integrated, automated HT crystallization system are presented, highlighting the design
requirements for hardware and software components,
as well as general specifications for consumables.

Case studies are used to illustrate the benefits and
capabilities of the approach, including salt selection in
early lead optimization (ELO) and pre-clinical development, polymorph and solvate screening in highly
polymorphic systems, comprehensive discovery of
crystal forms to reduce the risk of late displays of
polymorphism, comparison of experimental and predictive methods of solid form discovery, and engineering of co-crystals. The need for post-screening
characterization of crystal forms to enable ranking and
selection of the most suitable form for development is
briefly reviewed. Finally, the implications of HT
crystallization technologies on the future of solid form
screening processes, intellectual property protection
and regulatory compliance are discussed.

2. Development of high-throughput crystallization
technologies
HT crystallization systems have been developed to
more rapidly and comprehensively explore the multiparameter space that contributes to solid form diversity [40,46 – 51]. In its simplest description, HT
crystallization can be broken down into three key
experimental steps: design of experiment (DOE),
execution of experimental protocols and analysis of
data. Systems designed to carry out these experiments
generally consist of both hardware and software
components that drive and track experimentation,
and permit data storage, retrieval and analysis. Such
systems should be designed to be flexible and scalable
to ensure that a variety of experimental procedures
can be carried out either serially or concurrently.
Thus, the system can be employed at various stages
of drug development, where differences exist in the
quality and quantity of compound available. While it
is highly desirable to have the ability to mine and
model experimental data, and to use the subsequent
knowledge to guide further experiments, not all HT
crystallization systems are equipped with these features. In Section 3, the hardware and software considerations for design and development of a fully
integrated, informatics-driven HT crystallization system are described.
While the concepts of HT screening are widely
applied in the pharmaceutical industry, most notably
in the drug discovery arena [52], the application of
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HT approaches to drug development, in particular
solid form screening, are just beginning to be realized. These latter approaches, however, are more akin
to HT experimentation than HT screening. Hence,
several important distinctions, which reflect on the
design of HT experimental systems, need to be made.
First, the goal of HT screening is to get a small
number of successful outcomes, which are then
passed on to the next stage of development. Little
effort is typically made to learn why certain outcomes
were positive and why others were negative. In
contrast, HT experimentation, such as HT crystallization, is carried out with the goal of having each point
in the experiment produce multiple types of data that
can be interpreted, and the interpretation used to
guide the experimental process to a successful conclusion. Second, unlike traditional HT screening
assays where experiments are generally conducted
under constant experimental conditions, HT crystallization experiments for solid form discovery are best
conducted using a variety of process methods, each
having varying experimental conditions (e.g., temperature variations as a function of time) over the course
of the experiment. These additional process variables
permit maximal diversity in the experimental space,
increasing the likelihood that comprehensive coverage will be achieved. Finally, there is a distinction to
be made in terms of relative ‘‘hit rates’’. In both HT
screening and HT crystallization, a ‘‘hit’’ can be
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thought of as a set of conditions that gives rise to a
desired result. In HT screening, the desired result is
typically an activity, or potency, that exceeds a predefined threshold. In HT crystallization, a hit is
defined as the formation of a solid. The typical
observed hit rate of HT screening is on the order of
0.1% of the total number of samples analyzed. In
contrast, HT crystallization experiments can yield hit
rates ranging from tens of percents to nearly 100%,
depending on the type of experiment and the process
mode(s) used. For example, while only a handful of
compounds from a selection of thousands may exhibit
the required potency, 10– 50% of crystallization trials
may yield solids. In fact, the range of wells that yield
solids is very wide, depending on process mode and
experimental time scale, as will be discussed in
subsequent sections. The impact of these differences
is manifested in the design and operational requirements of HT experimentation systems.
A fully integrated HT crystallization system consists of a number of components, including experimental design and execution software, robotic
dispensing and handling hardware, automated highspeed micro-analytical tools, end-to-end sample tracking and integrated cheminformatics analysis software
for data visualization, modeling and mining. A schematic overview detailing the workflow of such a
system is depicted in Scheme 1 [53]. These features
are supported by a comprehensive informatics foun-

Scheme 1. A schematic illustration of the workflow of a fully integrated HT crystallization system [53].
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dation that is used to handle the large quantities of
data generated. Specifically, informatics tools are used
to design statistically relevant and diverse experiments, drive the automation hardware to perform the
specified operations, and provide an analytical function to analyze, compare and sort the results of
experiments. An important feature of these systems
is the ability to mine and model experimental data and
use the knowledge generated to guide further experiments. These functions are supported by use of a
relational database that provides a mechanism of
communication between system components.
When designing a HT crystallization experiment, or
set of experiments, a large variety of parameters of
composition and process are involved. Experimental
designs must be aimed at covering a large multifactorial parameter space, with the goal of determining
which experimental factors affect the desired outcome.
In practice, it is desirable to place constraints on the
experimental space, making common statistical design
methods such as full or partial factorial designs inappropriate or impractical. For example, hardware limitations, including minimum and maximum dispense
volumes or masses and accessible temperature ranges,
as well as constraints related to chemical compatibility
(i.e., reactivity of components, miscibility, etc.) or
toxicity limits of components (if appropriate), need
to be considered. Thus, alternative DOE methods that
can accommodate such constraints are required. Doptimal design [54,55] is an example of a DOE
algorithm that can take a set of constraints, such as
the ones described above, in combination with a target
analytical model and determine the optimal set of
experimental points to test. Another commonly used
DOE algorithm is diversity generation, with which the
experimentalist selects a set of pertinent chemical
properties and uses the algorithm to evenly spread
experimental points over the chosen property space. In
addition, some systems utilize a solubility calculator
tool to estimate the solubility of the API in the given
solvent/additive mixture. The calculated information is
then used to select the appropriate concentration of
API in each mixture so that it is supersaturated with
respect to the reference phase at the harvest temperature. Here, the driving force for crystallization can also
be varied by tailoring the composition of each sample
based on the API solubility in that mixture. With such
DOE tools, experiments may be designed to effective-

ly and simultaneously explore the diverse composition
and process space described in Table 1.
Ideally, DOE algorithms should also incorporate
prior knowledge or experimental results, which have
been stored in a database as a set of rules or models, to
limit an experimental space to have certain predicted
characteristics. For example, over the course of time, a
regression model may be developed between a set of
known or calculated chemical properties and a parameter of experimental interest. The model could be
used during the design of a new experiment in order to
test only those chemicals that are predicted to give a
desirable result. Since a large number of factors need
to be considered during experimental design, the DOE
interface available to the scientist must not only be
flexible and easy to use, but must also offer tools that
aid design efficiency and effectiveness and permit
input of scientific knowledge generated over time.
At the end of the experimental design process, the
resulting set of experimental conditions is translated
into a series of commands for the HT systems, and
stored in a relational database for later retrieval by the
software that controls the automation. When an experiment is activated, the overall operation of the
automation systems is managed by the HT informatics
system, which is responsible for physical operation of
the HT platforms as well as data tracking and storage.
Execution of experimental commands is carried out
by automated laboratory equipment that comprises the
HT crystallization system. Specialized automated systems perform several of the functions in a sequence of
events that make up the experiment. Each station is
controlled through an interface to the informatics
system that ensures the samples are processed at the
correct stations, in the correct order, with the selected
experimental parameters being followed. Parameters
of operation are recorded, including the time at which
an action is taken. After execution of the experimental
steps, the software interface retrieves any pertinent
information generated by the automated platform,
such as assay results or operational parameters, stores
these data in the relational database, and updates the
status of the experiment to reflect the completion of
operations.
In general, the hardware required for a HT crystallization system is comprised of four major functional
elements: sample preparation, solids generation, solids
detection and sample analysis. Sample preparation
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involves adding the compound of interest (API) to the
diverse set of conditions used to conduct crystallization studies. Typically, the API is dispensed as a
solution in a suitable solvent, followed by solvent
removal to yield the solid API. Solvent removal can
be achieved by passive evaporation or by controlled
active evaporation (e.g., use of a vortex dryer).
Alternatively, the API can be delivered in the solid
state with suitable powder handling systems. Depending on the amount of saturation desired, the crystallization vessel used, and the API’s solubility in
solvents or solvent mixtures of interest, API masses
ranging from a few hundreds of micrograms to several
milligrams will be present in each vessel. Once the
API has been delivered to the crystallization vessels
(tubes, vials or microwell plates), combinations of
solvents and/or additives are added to each vessel. By
taking advantage of the power of combinatorial
approaches, large numbers of unique combinations
can be dispensed from manageable sets of starting
materials.
Compatibility of equipment components (syringes,
dispense tips, tubing, etc.) and consumables (plates,
tubes, etc.) with solvents and other compounds is a
key hurdle faced in the development of combinatorial
crystallization for small molecules. Unlike protein
crystallization systems [56,57], which are commonly
based on the sitting-drop method in aqueous media,
small molecule crystallization employs a range of
crystallization additives and processes. The additives
include organic solvents with varying properties (e.g.,
alcohols, acetone, hexane, ethyl acetate, etc.), water,
acids, bases and co-crystal formers, as well as other
compounds (e.g., small molecule templating agents,
surfactants, pharmaceutical excipients, etc.). This
wide range of materials needs to be handled by
appropriate liquid handling techniques to enable the
combinatorial assembly previously mentioned. Ideally, liquid transfers are achieved using multichannel
pipettors with individually controllable channels.
Depending on the crystallization vessel design, the
volumes of reagents dispensed will be as low as a few
microliters to as high as several hundred microliters.
Potential for cross-contamination and tendency
toward unwanted solvent evaporation from crystallization wells are challenges that need to be addressed
in a HT crystallization system. A large number of the
solvents used to crystallize small molecules have high
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vapor pressure under ordinary laboratory conditions.
Sealing of the crystallization vessels is key to being
able to control composition during crystallization
from these solvents. Due to solvent fugacity, vessels
need to be protected from ingress of the components
of neighboring wells. These problems have been
solved by different means, such as sealing of individual tubes with a Teflon-backed crimp seal [40] or Orings/gasket seals and clamped covers [47,51].
HT crystallization must enable several process
modes that are compatible with the compound (e.g.,
chemical stability, thermal stability, etc.). In some
cases, multiple modes of operation may be combined.
The most common modes of solids generation will be
discussed below, including thermal cooling crystallization, anti-solvent and evaporative crystallization.
Less common process modes include melt crystallization, flash or quench cooling and template-directed
crystallization. It is important to note that generation
of maximal diversity in solid form requires multiple
modes of operation [6,18,58].
In thermally induced cooling crystallization, samples created in the sample preparation process described above are subjected to temperature ramps.
Prior to beginning the temperature ramp, samples are
exposed to an elevated temperature for a short period
of time in order to dissolve the API in the crystallization medium. Although dissolution can be achieved
most simply by diffusion and convection from the
heating process, addition of external energy can speed
up the process (e.g., sonication). Samples may be
optically inspected (see Fig. 1) and vessels that contain
undissolved solids can be flagged in the database for
further analysis. For instance, undissolved samples
may be treated as slurry conversion experiments and
monitored over time for crystal form changes. The
thermal cycle is then initiated, using controlled cooling
to induce supersaturation. In this mode of crystallization, samples continually experience an under cooling
and, based on the level of supersaturation in the vessel,
may recrystallize at a given temperature after a period
of time. Thermal crystallization tends to generate a
cumulative number of samples that are produced over
time in a fashion approximating a square root function,
as illustrated in Fig. 2. This means that initially there is
a small bolus of ‘‘hits’’, after which the rate of
crystallization tails off over a period of time, typically
in days to weeks. This results in a manageable hit rate
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Fig. 1. Photo of optical inspection station. (Inset shows close up of
crystallization vessel that contains crystals.) (Courtesy of TransForm Pharmaceuticals, 2002.)

for analysis, on the order of approximately 10% in
aggregate. This mode of solids generation has the
lowest throughput rate, typically, because experiments
span days to weeks, with system residence times of
months being possible.
In contrast, anti-solvent addition, also known as
‘‘crash-out’’ (or ‘‘drown out’’) crystallization, relies
on the fact that an API is soluble to varying degrees in
the crystallization medium, but is largely insoluble in
a particular solvent or solvents (e.g., the anti-solvent).
As a result, this mode of crystallization can operate at
high-throughput rates, with samples being turned
around hourly. When crystallization vessels containing API in reagent mixtures are exposed to aliquots of
anti-solvent, nearly all vessels will contain API that
has precipitated out of solution. This creates a challenge to the analytical process, as the near 100% hit
rate leads to a large bolus of samples. There are,
however, advantages to this mode of solids generation, such as the ability to produce microfine crystallites and amorphous solids, should they be desired.
Lastly, evaporative crystallization can be carried
out on the combinatorial array of samples. This mode
of operation relies on gradually increasing the concentration of API in the vessel to achieve supersaturation and to increase the degree of supersaturation
(by preferential evaporation) in order to induce crystallization. Concentration of samples can be achieved
either passively or actively by controlled flow of inert
gas while maintaining temperature. With evaporative

methods, differential rates of solvent loss from mixtures result in unknown composition of the crystallization medium at the time of crystal nucleation. In
addition, the degree of supersaturation changes over
the course of the experiment, often resulting in the
appearance of multiple crystal forms. The evaporative
mode of solids generation typically produces throughput and hit rates intermediate between the thermal and
anti-solvent processes.
As suggested above, in appropriately configured HT
crystallization systems, several process modes may be
used in series or in parallel [40]. Frequently, the
preparation of replicate plates (in some systems
‘‘daughter’’ plates [47,51]) is necessary for parallel
processing by different process modes. Systems may
be additionally equipped with the ability to serially
process sample arrays using different process modes
[59]. This feature is particularly attractive for cases
where only small quantities of sample are available,
increasing the drive to generate useful information
from every sample. Here, samples may be processed
by optimal modes first (e.g., thermal crystallization),
then a secondary process step can be applied to maximize the hit rate. Another example where this feature is
useful is in the case of salt selection, especially in early
drug discovery. Upon the addition of salt forming acids
or bases, the solubility of the compound is modulated
by in-situ salt formation, often resulting in reduced or
non-existent driving forces for crystallization (e.g.,
subsaturation) of the salt species, particularly in polar

Fig. 2. Typical rate of appearance of solids during a thermally driven
HT crystallization experiment [65].
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solvents. It should be noted that rapid onset of supersaturation can be experienced in any of the process
modes discussed and can result in oiling out or precipitation of amorphous solids, rather than generation of
crystalline solids. Thus, it is important to monitor and
control the crystallization conditions throughout the
experiment.
In general, the percentage of wells that yield solids
varies, depending on process mode and experimental
time scale. For example, evaporative modes usually
result in a solid in virtually every vessel, while slow
undercooling results in far fewer (on the order of low
percents). The differences in hit rates between these
process methods arise in part from the differences in
the supersaturation attained. For evaporative crystallization, supersaturation is achieved in all cases as the
concentration of the active compound is continuously
increased as solvent is evaporated. In contrast, the
composition of wells processed by thermal crystallization is fixed. In some cases, because there is limited
data on the precise state of supersaturation for each of
the large variety of experimental compositions and
potential crystal forms, some wells may remain
subsaturated during the process. For these wells,
additional process steps, such as partial evaporation
or anti-solvent addition, may be employed to generate
supersaturation to yield a solid. In contrast, as mentioned previously, a fraction of the wells may not go
fully into solution at elevated temperatures. In this
case, the temperature of the system may be raised to
achieve full dissolution, additional solvent may be
added to solubilize residual solids or the samples
may simply be monitored for slurry conversion over
time. To overcome these challenges, we have developed a solubility calculator tool using group contribution theory to estimate the solubility of the reference
solid phase at specified temperatures in each solvent
composition. These data are then used at the DOE step
to define the viable concentrations of the active compound for crystallization (i.e., minimum concentration
required to achieve saturation and maximum solubility
limit or concentration) in each solvent mixture. Additionally, the timescale of the experiment has a significant impact on the observed hit rate. Hit rates will
approach 100% for viable crystallization conditions in
the limit of infinite time, but in practice most experiments are conducted over days to weeks, so observed
hit rates reflect this temporal influence. In fact, similar
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behavior is observed in manual experimentation. Note
that only some HT crystallization systems are configured to permit selective sampling of ‘‘hits’’, providing
the ability to further incubate un-crystallized samples
to monitor for slow growing crystal forms.
Solids detection can be achieved by examining each
sample using machine vision systems. Samples may be
monitored over time to detect precipitation in vessels
that were previously devoid of solids. This simple, yet
robust process can rapidly and non-destructively determine state changes in the crystallization vessels and
signal when a particular vessel or set of vessels is ready
for solid-state analysis. Depending on the sample array
configuration, the signaling of ‘‘hits’’ results in harvesting of samples by one of two approaches. In the
‘‘cherry-picking’’ approach, only those samples that
have been flagged as containing solids are selected for
further processing [40]. In contrast, using a sacrificial
approach the entire plate must be moved forward after
a predetermined fraction of the samples in that array
have produced precipitates [47,51]. The latter, of
course, can be carried out without an online detection
system. Here, samples can be processed in batches,
without regard to whether there are actually solids
present in a vessel. This simple process approach is
effective, but has significant limitations, the primary of
which being that samples are destroyed after a fixed
amount of time regardless of their state. Hence, it is
advantageous to employ an online detection and harvest system so that samples can be differentially and
asynchronously processed, with only those vessels
containing solids undergoing analysis [40,60].
Sample analysis is the final action in execution of
the HT crystallization process. Depending on the mode
of operation and the choice of analytical measurements
employed, this process may involve several steps. Most
HT crystallization systems use Raman spectroscopy
and/or powder X-ray diffraction (PXRD) for primary
analysis of harvested solid-state samples. Both techniques have advantages and disadvantages in terms of
their ability to discriminate between forms of a solid
(i.e., polymorphs, salt forms, solvates, hydrates)
[1,14,61]. The rate of generation of samples for analysis likely dictates which technique is used for the
primary approach. Generally speaking, Raman spectroscopy can be employed in a more rapid fashion than
PXRD, since acquisition times for Raman are considerably less dependent on sample size, as is depicted in
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Fig. 3. Comparison of acquisition times of Raman and X-ray
powder diffraction data as a function of mass of API [65]. (Data
collected on D/Max Rapid, Contact Rigaku/MSC, 9009 New Trails
Drive, The Woodlands, TX, USA 77381-5209).

Fig. 3. In addition, plate-based PXRD methods are
susceptible to problems with preferred orientation
effects, which may prevent accurate classification of
samples. As a result, Raman spectroscopy methods are
often used as a primary means of characterization in HT
crystallization systems. Although one disadvantage of
the Raman technique is interference due to fluorescent
samples, the wavelength of the excitation laser can be
changed to the near-IR to reduce fluorescence of
problematic samples. Recent advances in PXRD instrumentation, brought on by the increasing demands
of HT crystallization, make it possible to achieve
similar analysis timescales with PXRD and Raman,
on the order of less than one minute per sample
depending on the capabilities of particular instruments
used. Clearly, the best option is to employ both methods for initial sample evaluation, which can be realized
with the appropriate informatics structure, as described
in Section 3.
Once the primary solid-state characterization data
are collected and stored, samples are generally classified into groups (or bins) that display similar characteristics (e.g., Raman spectra or powder X-ray diffraction
patterns) using informatics tools. A variety of methods
can be used to accomplish the binning. For instance,
Raman spectra may be compared (based on relevant
features or over the entire spectral range) and clustered
using calculated similarity measures, such as Tanimoto
coefficients. In one method [40,60,61], each Raman

spectrum, which represents the contents of an individual well at a given time, is filtered to remove background and to accentuate Raman peaks and shoulders.
Peaks are then located and assigned a wavenumber
using standard derivative methods and the amplitude of
each peak is calculated. These data are used to calculate
a similarity (or distance) measure related to the Tanimoto coefficient, from which the Raman spectra are
binned into groups of similar samples using a classification algorithm such as hierarchical clustering. This
method often uses peak positions, rather than amplitudes to discriminate between different patterns in
order to reduce the significance of potential preferred
orientation effects, which can result in modulation of
relative peak intensity for certain crystallographic
planes. The window over which two peaks are considered to be at the same position (e.g., 1 cm 1 wavenumber), as well as a minimum height for a filtered
peak to be considered for clustering, can be selected by
the user, allowing regions of interest (e.g., spectral
ranges) to be explored in greater detail. With appropriate settings, a Raman spectrum that has only one peak
or feature in a slightly different location than observed
in other patterns can be differentiated and binned as
unique, indicating a different or new crystal form.
During clustering, each spectrum is assigned an arbitrary number, i.e., a sorted spectrum number, for ease of
tracking, and the resultant clusters are graphed as
shown in Fig. 4, where the red-colored regions repre-

Fig. 4. Raman cluster diagram showing n-by-n matrix of sorted
spectrum numbers for all samples resulting from the HT polymorph
screen of Ritonavir. Clusters are indicated by warm-colored (red)
regions, which have been outlined to guide the eye, and indicate
different solid forms [65].
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sent bins of similar samples. Alternatively, the results
from several analytical methods such as Raman and
PXRD can be used to simultaneously classify samples.
Regardless of the choice of primary analytical
method, and in keeping with traditional methodologies for solid form screening, it is necessary to further
characterize the solids generated in HT crystallization
systems to accurately determine their solid form and
properties. Most HT systems integrate multiple analytical methods as part of the screening process. These
so-called secondary analytical methods often include
thermal property measurement (e.g., melting point)
and optical microscopy (for crystallinity, habit, etc.).
Depending on how the samples are processed and the
degree of computerized support, these techniques may
be applied to all samples, or a subset of selected
samples. For systems that analyze all samples by
secondary techniques, several HT plate-based methods for optical microscopy and melting point determination have been developed [47,51]. It is important
to note that, in this case, all samples are destroyed
during characterization of the melting point. When
replicates are retained, the functional properties such
as dissolution rate and hygroscopicity can be analyzed
using either manual or HT methods. (For more information on functional analysis, see Section 4 on postscreening analyses and form selection.)
With the aid of informatics tools, the data sets
obtained can be used to generate information about
the experimental space. Software interfaces that allow
access to the data permit classification and regression
analysis to be performed. The results are displayed in
high-dimensional visualization tools that can be used
to guide further experiments toward optimizing processes to make each form. For instance, sample
composition and processing information can be linked
to the resulting crystal form and morphology. Correlation of trends between experimental factors and the
products can lead to hypotheses that can be used to
direct the design of follow-up experiments. An example of this was reported by Peterson et al. [40], where
the knowledge gained from iterative experiments was
used to drive new experimental designs, which ultimately yielded the desired outcome, i.e., the isolation
and characterization of the highly unstable form III of
acetaminophen (paracetamol).
While these new methodologies provide unprecedented capabilities for solids form discovery, it is clear
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that there remains a need for some level of manual
processing, particularly in the case of detailed form
characterization such as single crystal structure determination, scale-up of the desired form and understanding the effects of downstream processing on
potential form conversion. HT methods provide the
landscape of possible forms and their properties and
should be used in conjunction with traditional methods to enable rapid, efficient selection of the optimal
form for development.

3. Applications of high-throughput crystallization
screening in pharmaceutical research and
development: case studies
HT technologies offer unprecedented capabilities
for form discovery and characterization. Potential
applications range across the entire pharmaceutical
value chain, including screening of active molecules
in discovery during ELO, form selection for preclinical candidates, final form optimization for early
clinical candidates, process chemistry development
of crystallization processes for bulk drug and intermediates, as well as identification of new or enabling
solid forms for product life cycle management. While
numerous impact points have been identified, only
limited information on the use and performance of
HT form screening systems is available in the literature, indicating that the benefits of these new methodologies have just begun to be realized. In the
following sections, case studies on the application
of HT crystallization systems are reviewed. Special
attention is given to the implications of new form
discoveries.
3.1. High-throughput salt selection
Preparation of salt forms of an active compound is
commonly used to modulate physicochemical properties. In most cases, the goal is to increase solubility (or
dissolution rate) to improve bioavailability or to enhance the manufacturability of poorly soluble ionizable compounds [1,3,4]. Salts may also be employed
to increase chemical stability [3] or to reduce the
solubility of a given compound for certain applications
(e.g., sustained release dosage forms) [62]. Thus, it is
important to consider the route of administration and

618

286

S.L. Morissette et al. / Advanced Drug Delivery Reviews 56 (2004) 275–300

dosage form requirements when selecting a salt form
for development. Since the choice of counter-ion
affects the properties of salt forms [3,4], salt selection
studies involve the preparation of a number of different
salts using a variety of pharmaceutically acceptable
acids or bases with differing properties (e.g., acidity/
basicity, molecular size, shape, flexibility, etc.). The
relevant physicochemical properties of each salt are
characterized, including degree of crystallinity, hygroscopicity, aqueous solubility, crystal habit, and physical and chemical stability. Based on these properties
of the salt forms, their suitability for development can
be evaluated. Several strategies for streamlining and
optimizing salt selection procedures have been
reported, including in-situ techniques for ranking the
solubility of salts [63], tiered approaches in which the
least time-consuming studies are carried out first and
used to remove from consideration salts that are not
viable [64]. One issue not readily considered by
existing strategies is the polymorphism and solvate
forming behavior of the different salt forms of a
compound, which could be used as an additional
criterion when more than one salt may be viable, but
the degree of polymorphism and solvate formation of
each may become a criterion for form selection.
HT crystallization technologies have been used to
more rapidly and comprehensively identify the range of
salt forms that may be prepared for a given compound
or series of compounds, and characterize their crystal
form diversity (polymorphs, solvates, hydrates). However, only a few studies have been published or
presented. Several HT salt selection studies on wellcharacterized pharmaceutical compounds have been
carried out to demonstrate the power of these technologies in solid form discovery. For example, in a small
HT study (i.e., 96 wells) on the antibacterial sulfathiazole, salt formation was explored using varying stoichiometric ratios of pharmaceutically acceptable
organic and mineral bases in an array of solvent
conditions [65]. The screen resulted in the rapid identification and characterization of 10 salt forms and
showed that the salts exhibited a range of melting
points depending on the counter-ion type and stoichiometric ratio. Similar HT salt selection experiments on
caffeine and naproxen resulted in the identification of
numerous salts of each compound [47,50,51].
In the discovery phase, HT crystallization has been
used to identify soluble salt forms of compounds

during ELO to facilitate early animal dosing, thereby
providing the ability to uncover underlying chemical
and/or biological responses elicited by candidate molecules, including toxicity or efflux [46,59]. Such
information permits rapid identification of problematic compounds or scaffolds, allowing resources to be
directed to projects with greater opportunity for success. HT crystallization can facilitate selection of leads
that are more likely to survive preclinical development. HT crystallization has been used successfully to
identify multiple new salt forms and the polymorphs
and solvates of each compound belonging to two
discovery programs using less than 200 mg of compound per screen [59]. Approximately 150 – 200
experiments were performed on each compound using
a library of pharmaceutically acceptable acids or bases
with an array of solvent compositions and process
conditions. Each screen resulted in discovery of
multiple new salt forms, and in some cases polymorphs and solvates. Interestingly, similar salt types
were identified for each compound in a given series,
as illustrated in Fig. 5, where the frequency of
occurrence is plotted as a function of counter-ion for
each discovery series. Clear trends in the degree of
solid form diversity of salt forms, including polymorphism and solvation behavior, were also evident
within each compound series. These data indicate
the potential for identifying salts suitable for most
compounds tested in a particular scaffold or series,
based on analysis of only a portion of the series, i.e., a
platform-based approach to salt selection, provided
the chemistry surrounding the ionizable functionality
is not significantly altered during further structure –
activity relationship (SAR) development. Furthermore, solubility measurements of each salt form in
physiologically relevant fluids allowed ranking of salt
forms in a given series, and comparison of salts
between series was also possible. The average turnaround time per screen was approximately 2 weeks,
such that feedback on the physicochemical properties
of each compound was provided to the medicinal
chemists on a similar time scale as potency, selectivity
and metabolism screens.
Salt selection is normally part of the standard
preformulation studies carried out during preclinical
development, where rapid identification of the possible salts of a compound and their properties can
facilitate product development. To further facilitate
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Fig. 5. Frequency of occurrence (%) plotted as a function of the counter-ion of the salt for compounds from discovery series A and B [59].

such studies, a microplate technique capable of investigating an array of conditions has been developed
to determine which counter-ion and solvent conditions can be used to prepare crystalline salts of the
compound [66]. Each plate is prepared by first
depositing approximately 0.5 mg of compound into
each well using an appropriate amount of stock
solution. The counter-ion type is systematically varied along the rows of the plate and different crystallization solvents are deposited down the columns of
the plate. Crystallization is monitored by optical
microscopy over the course of the evaporative crystallization, which can be accelerated by flowing a
stream of dry nitrogen over the plate. Once salt forms
are identified, they are scaled up for more detailed
characterization.
The microplate approach was demonstrated by
Bastin et al. [66] through several examples, however
little detail of the specific screening protocol and
results was provided. All three of the reported examples are on compounds that are weak bases with pKa
between 4.1 and 5.3. Only a small number of stable,
crystalline salts could be prepared for the two very
weak bases (i.e., pKa < 4.25), as opposed to the larger
variety found for the stronger base. In each case, the
salt forms were scaled-up for more detailed analysis
and comparison to the respective free base compound
to determine the optimal form for development. This
approach provides a useful mechanism for preliminary, small-scale salt formation studies. Both the
crystallization media and process modes accessible
by the technique are somewhat limited, resulting in a
narrow exploration of experimental conditions for salt

formation. For example, only solvents compatible
with plate materials can be used, thereby reducing
the probability that a crystalline phase can be identified. In addition, current protocols only provide for
evaporative crystallization, likely due to difficulties
with sealing of the plates. In this case, the composition
of the crystallization medium is not well controlled.
The utility of HT crystallization in ELO, although
demonstrated by initial reports of feasibility, is less
well documented than the use of HT on later stage
compounds.
3.2. Solid form discovery in highly polymorphic
systems
The statement by the late Walter McCrone in 1965
that ‘‘the number of forms of a given molecule is
proportional to the time, money and experiments
spent on that compound’’ [67] has gained credence
in recent years, as illustrated by the significant increase in reported crystal form diversity of pharmaceutical solids. Depending on when alternative solid
forms of a compound are identified, the appearance of
a novel form may or may not be a welcomed
discovery. Occurrence of a new form in research or
early development is potentially enabling. At later
stages, the appearance of new forms, particularly
stable ones that are not bioequivalent or deemed
unprocessable, can have catastrophic consequences
for product performance as well as regulatory compliance (e.g., control of crystal form). Additionally,
recent rulings on the use of alternative, commercially
viable solid forms not protected by patents from
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innovator companies have opened the market to
generic competition [68 – 79]. In order to mitigate
these risks, and to save time and reduce costs, many
pharmaceutical companies have begun to re-evaluate
their strategies for solid form screening and are
looking to HT crystallization technologies to address
the needs for more rapid and comprehensive exploration. In this section, the application of HT crystallization to highly polymorphic systems is reviewed,
including specific cases of compounds exhibiting
latent polymorphism.
Polymorphic systems are quite common among
many types of organic crystals [7]. For the purposes
of this review, compounds exhibiting more than three
polymorphic forms will be classified as being ‘‘highly
polymorphic’’. While only a handful of well-known
organic compounds are considered for practical purposes to be non-polymorphic, e.g., aspirin [80,81],
sucrose and naphthalene [7], it should be stressed that
one will never be able to exclude the possibility of
polymorphs appearing, even a century after the initial
discovery of the compound. So far, no polymorphs of
aspirin have been found, despite the proposal by
Payne et al. [80] that polymorphic forms may exist.
In contrast, acetaminophen form III was observed by
Burger in 1982 using thermal microscopy [82], but it
took another 20 years for a crystal structure to be
proposed [40]. Many reports exist on the polymorphic
nature of specific drug compounds with one or two
alternative packing modes for the same chemical
composition. However, literature examples of compounds with more than three packing modes are
considerably rarer, as will be summarized shortly. It
should be noted that the increased number of reports
on highly polymorphic compounds in recent years is
likely the result of enhanced screening practices and
more sensitive characterization techniques.
Highly polymorphic compounds present several
challenges in drug development. First, the generation
of different forms is often not a simultaneous event,
but rather a gradual evolution of form diversity leading
to the branding of a compound as being highly
polymorphic. Consequently, once more than one form
is identified, concern is raised that additional forms
may eventually be discovered. For instance, the 13
polymorphs of phenobarbitone evolved over ca. 13
years [7], and a fourth polymorph of carbamazepine
was reported in 2002, a full two decades after the

publication of the structures of the initial three forms
[83]. Second, selection of the preferred form of a
highly polymorphic compound for development
demands a complex set of thermodynamic and kinetic
investigations, due to the geometric increase in the
number of stability relationships that need to be
established. More complexity arises when some polymorphic pairs are enantiotropic, exhibiting a switch in
the identity of the stable form as a function of temperature. Third, concerns over bio-performance and the
impact of a large number of polymorphs on processing
lead to regulatory issues that need to be addressed.
Decision trees [58] have been established to aid
scientists in assessing the impact of polymorphic
change and have been incorporated into the ICH
guidelines [84]. Lastly, the analytical challenge of
monitoring polymorph content in the dosage form
increases as the number of possible forms grows,
particularly with low dose compounds where the
concentration of drug in the formulation is small.
The literature on highly polymorphic pharmaceuticals is relatively sparse, but several examples of
compounds known to have four or more polymorphic
forms are available in the literature and are summarized in Table 2. In addition to these drug examples,
the pharmaceutical ingredients mannitol and aspartame have been shown to exhibit 4 and 5 polymorphs,
respectively [7]. The phenomenon in inactive exci-

Table 2
Examples of highly polymorphic drug compounds in the literature
Compound

Number of
reported
polymorphs

Phenobarbitone
Cimetidine
‘ROY’

13
7
7

Sulfathiazole

5

Carbamazepine

4

MK-996
MK-A

9
4

Other forms

Hydrates
7th form
found after
the initial
publication
Numerous
solvates
Dihydrate
and numerous
solvates
Hydrate
2 hydrates
and numerous
solvates

Reference(s)

[7,p.255]
[7,p.73]
[111,112]

[113]
[28,45,83,85]

[87]
[86]

621

S.L. Morissette et al. / Advanced Drug Delivery Reviews 56 (2004) 275–300

pients may well be under-appreciated due to lack of
study.
In general, pharmaceutical polymorphism is likely
to be underreported in the literature, since much of the
polymorphism research is carried out in companies.
As a result of growing interest in the subject and
advances in techniques to study polymorphism, it is
expected that reports of extreme form diversity will
grow. Conferences on the subject, such as the ACS
ProSpectives symposium, reflect the appreciation for
the complexities introduced by the appearance of
polymorphism in important materials such as pharmaceuticals. Work has recently commenced to understand the opportunities and challenges of using HT
technologies in pursuit of rapid identification and
characterization of the large number of forms presented by highly polymorphic compounds. Three
published case studies and two examples that are in
press at the time of this review will be highlighted.
Form IV of carbamazepine was reportedly discovered as the result of crystallization trials in the
presence of hydroxypropyl cellulose HPC [83]. Subsequent to this publication, Lang et al. [28] published
the use of polymers to influence polymorphic form
using a 96-well plate system for the screening of
polymorphs of carbamazepine and acetaminophen.
In all, 84 different polymers were employed to direct
nucleation. Form IV of carbamazepine was found to
crystallize from methanol in the presence of hydroxypropyl cellulose, poly(4-methylpentene), poly(Rmethylstyrene) or poly( p-phenylene ether-sulfone).
Using the same approach, the monoclinic and orthorhombic forms I and II, respectively, of acetaminophen were also isolated. While observation of
metastable form III was not reported in this study,
the strategy of employing polymeric additives is of
interest, as it can direct the course of crystallization
and because polymeric impurities may be in contact
with a drug substance and/or formulation at various
points in development.
Another approach, reported by Anquetil et al. [85],
identified selective conditions for the crystallization of
carbamazepine polymorphs forms I and III, as well as
the dihydrate, from methanol and/or methanol/water
solutions by thermal processing in a microliter cell
format (i.e., 35 – 100 Al). Optical laser trapping was
used in situ to target the microcrystals for real-time
form analysis using Raman spectroscopy. The crystal-
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lization process was monitored optically and with
Raman spectroscopy as a function of temperature
and time. The study revealed the conversion of form
I to form III, as evidenced by a change in characteristic
crystal habit from needles to prisms. Raman spectroscopy on the solution phase measured the saturation
solubility of each crystal form produced. Although
only several experiments were carried out in this study,
the authors advance the microfluidic cell format as a
potentially viable system for HT polymorph screening.
A third report details the use of in situ Raman
spectroscopy to optimize process conditions. The compound MK-A has four anhydrous polymorphs and
several other forms, including two hydrates and numerous solvates [86]. The study gives an example of
the complex thermodynamic relationships (monotropic
and enantiotropic pairs) that can exist in highly polymorphic systems and demonstrates the power of in-situ
methods for monitoring the crystallization process.
The angiotensin-II antagonist MK-996 is an example of a highly polymorphic compound (Table 2) [87].
The structure of MK-996, depicted in Fig. 6, contains
seven rotatable bonds, the conformations of which
could lead to many configurations for crystal packing.
HT crystallization experiments with MK-996 in 96well arrays comprising over 1500 discrete recrystallization trials from a set of 21 solvents or solvent
mixtures yielded 186 solids, which were harvested
over a period of 7 days [87]. PXRD analysis of these
solids suggested the presence of at least 18 distinct

Fig. 6. The molecular structure of the angiotensin-II antagonist MK996 [87].
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forms, some resulting from solvent-mediated recrystallization. A hydrate (originally named form I),
obtained by slurry conversion in the presence of
aqueous solvent mixtures in the HT experiments, was
the form previously selected for pharmaceutical development. Importantly, a form (form D) reported by
the innovator [87] to be a ‘‘disappearing polymorph’’
[88] once form I appeared, was also found in the HT
screen. Clearly, sufficient experimentation with rationally selected diverse conditions affords the possibility
to regenerate elusive forms.
Sertraline HCl, the active ingredient in the antidepressant ZoloftR, is found in various crystal forms.
The molecular structure for Sertraline HCl is illustrated in Fig. 7. Information on various solid phases can
be found in patent disclosures filed by several companies [89 –92]. Survey of these documents, which
published between 1992 and 2001, reveals data for 27
purported crystal forms of Sertraline HCl, including
17 polymorphs, 4 solvates, 6 hydrates and the amorphous solid. Further analysis and comparison of
characterization data for the various forms presented
in the patents revealed that mixtures have been
mistaken for real polymorphs on at least two occasions, and at least two polymorphs were disclosed
more than once (by different workers each time). In
addition, the hydrate forms reported were not readily
identified as polymorphic and many of the forms are
likely transient, e.g., only identified by variable-temperature and humidity-controlled XRD. With the help
of HT crystallization, the extent of true polymorphism
of the HCl salt was estimated at eight forms so far
[92]. Two new solvates were also found in the HT
studies. Care should be taken in isolation of such
forms, particularly at small to intermediate scale, as
desolvation of solvates due to aggressive drying

during processing may cause one to overlook solvated
forms [93]. Comparing the results of the HT study to
the congruence of historical data, one can conclude
that HT screening gives rise to relevant forms of the
drug in a time frame of weeks rather than years. One
metastable form, polymorph IV, remained elusive in
the hands of the authors [92]. The lack of observation
of form IV may be due to a subtle purity difference
between early batches at Pfizer and the materials
available for testing in the HT screen. Clearly, impurity effects should be explored further [32].
To date, HT studies on highly polymorphic materials highlight the importance of varying processing
conditions (including solvent conditions, degree of
supersaturation, method of crystallization, desolvation
of solvates, inclusion of additives, thermal microscopy, etc.) to find as many forms as possible. It has been
shown that multiple process modes, including HT
processing, coupled with detailed follow-up characterization studies of form stability, facilitate insight
into crystal form diversity [40]. Such a multimode
strategy becomes valuable in the quest for the most
comprehensive dataset possible for a given pharmaceutical material.
Undoubtedly, the definition of highly polymorphic
materials and their frequency will evolve in the age of
HT crystallization [40,60] and with the aid of ever
improved solid-state analytical capabilities [18,94,95].
The value of employing multiple processing techniques to elucidate as many crystal forms as possible will
be demonstrated, as it is expected that no single
technique will generate all forms of a given compound.
Without doubt, HT crystallization strategies will be
used, as a complement to other techniques, to identify
issues of polymorphism early, thus allowing drug
development scientists to react appropriately to information on form diversity of their compounds.
3.3. Avoiding latent polymorphism

Fig. 7. The molecular structure of the selective serotonin reuptake
inhibitor (SSRI) sertraline HCl.

Very few cases of latent polymorphism have been
reported in the literature. It is likely that many more
instances of the phenomenon have occurred, but
unless product development was slowed, product
performance was impacted, or generic competition
was threatened, a spotlight is not usually cast on the
issue. As an example of a public polymorph issue,
form 2 of ranitidine hydrochloride was discovered 2–
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3 years into development but it was (and is) the form
still marketed by GlaxoSmithKline [75,76,96]. Paroxetine hydrochloride hemihydrate, the active ingredient in PaxilR, was discovered during development
after only an anhydrate had been known for a number
of years [97]. The hemihydrate is the form marketed
by the innovator, but recent litigations have occurred
between the innovator company and generic competition around the anhydrate form.
One of the most recognized cases of latent polymorphism occurred with Abbott Laboratories’
NorvirR. Two years after entry into the market, a
previously unknown, but thermodynamically more
stable, polymorph of the active ingredient (Ritonavir)
appeared. This new form (form II) was approximately
50% less soluble in the hydroalcoholic formulation
vehicle, resulting in poor dissolution behavior and
eventual withdrawal of the original NorvirR capsule
from the market [98]. At some considerable cost, a new
formulation of NorvirR using form II was eventually
developed and launched [99]. In a recent HT crystallization study on Ritonavir, a total of five forms were
found: both known polymorphs and three previously
unknown forms [99]. The HT polymorph screen, which
consisted of 2000 experiments was carried out with less
than 2 g of the API and used multiple, and sometimes
combined, process methods. The three new forms were
described as a metastable polymorph, a crystalline
solvate and a non-stoichiometric hydrate. Interestingly,
the solvate was easily converted to form I via the
hydrate phase using a simple washing procedure, and
provided an unusual route to prepare the form I ‘‘disappearing polymorph’’ [88]. Since the crystals of form
I prepared using this method retained the small needle
morphology of the solvate, the authors suggest that the
process may offer a potential strategy for particle size
and morphology control. The results of this study
emphasize the need for more comprehensive studies
of form diversity in the early stages of drug development to avoid risks of form conversion downstream,
and highlight the advantage of combining parallel HT
crystallization experimentation with detailed physicochemical analyses to identify the diversity of solid
forms in which a given molecule can exist. Clearly,
late stage discovery of new forms or form conversion
can have serious competitive and regulatory implications (e.g., process control), especially in cases where
the new forms are not bioequivalent.
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3.4. Prediction of crystallization and polymorphism:
applications to pharmaceutical form studies
Crystal structure prediction is a challenging area of
research. Due to the overwhelming influence of packing forces in determining crystal structure, it remains
extremely difficult to predict the structural impact of
subtle conformational effects and weak interactions
between adjacent molecules in a crystalline arrangement. Although significant progress has been made in
the last decade, crystal structures are by and large not
reliably predictable from first principles [88]. While
this important area of theoretical research is too large a
topic to be considered in detail here, a brief overview
of the successes and challenges will be presented, and
the potential for using HT crystallization as a validation to aid model development will be highlighted. For
a more detailed discussion on polymorph and crystal
structure prediction, refer to the article by Price [100]
in this issue.
Polymorph prediction of pharmaceuticals is thwared by the complexity of active pharmaceutical molecules. The number of degrees of freedom in torsion
angles and the molecule count in the unit cell (which
can be deduced by such techniques as solid-state NMR
[94]) are frequently too great to allow computations on
a reasonable time scale. Additionally, predictions are
typically carried out one space group at a time. This
limitation is mitigated by the fact that over 90% of the
organic compounds in the Cambridge Structural Database (CSD) [101] crystallize in only a few space groups
[100]. We know of only one example where predictions
have been extended to multicomponent systems [102].
The prevalence of multicomponents systems, some of
which have charge transfer (salts) and many of which
exist as hydrates, solvates or mixed hydrate/solvates,
essentially limits the usefulness of the prediction methods to neutral compounds. Various other technical
issues remain as the science of crystal structure prediction matures [100]. Some of these issues were highlighted in two blind tests that were conducted in recent
years to determine the accuracy and robustness of
crystal structure prediction [103]. In the latest round,
17 methods were used to predict structure, yielding
only three correct predictions [104]. For one of the
compounds used in the study, experimental characterization of a second, more stable, polymorph provided
the key to the correct prediction by three participating
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research groups. The structure could have easily been
overlooked, leading to the misinterpretation of the
results as an apparent failure of the computational
methods. Thus, compounds that are amenable to structure prediction are not always studied experimentally to
the extent necessary to ensure that the relevant forms
have in fact been discovered and characterized ahead of
computational studies.
Despite the challenges, a few methods have been
developed that allow structure prediction of small,
relatively rigid organic compounds with only a few
functional groups in several important space groups
[17,105,106]. Polymorph Predictork has been implemented within the commercial software Cerius2 (C2
Polymorph by Accelrys). In general, current prediction methods generate large ensembles of different
packing arrangements along with calculations of relative energetics. In reality, many of the calculated
structures are not observed, giving the appearance of
over-prediction of polymorphism. This was apparently the case with acetaminophen (paracetamol) [107].
In their study of the drug, Beyer et al. [107] calculated
14 structures, 2 of which were the known monoclinic
(stable) and orthorhombic forms. The remaining 12
structures were considered as candidates for the metastable form III, which had been observed by thermal
microscopy methods [82] but for which diffraction
data were unavailable. Using calculations of mechanical properties and morphology, Beyer et al. separated
the 12 energetically feasible structures into two
groups, based on the likelihood of each structure to
exist as a stable form. Shortly after the publication of
the prediction study, the experimental powder pattern
of form III became available [40]. Rietveld refinement
and comparison of the experimental diffraction results
with the theoretical powder patterns published by
Beyer et al. yielded a monoclinic structure solution
for form III. This structure is in fact part of the
prediction set, but was considered an unlikely contender based on its extreme plate-like morphology.
The potential for complementarity of HT crystallization and polymorph prediction is evident from these
studies. In one sense, polymorph prediction can serve
as a yardstick for ‘‘risk assessment’’ when it comes to
form diversity, but inevitably one will require experimental data to assess the scope of polymorphism that
can be elicited and the precise relative stabilities of
different crystalline arrangements.

Opportunities do exist for current use of predictions
in solid form discovery. For instance, certain hydrogen-bonding motifs or molecular layer types may be
observed in predicted structures. Such information can
be used to aid the design of crystallization experiments. It might be desirable to employ a particular type
of interaction with salt selection or co-crystal formation by the strategic selection of crystallization conditions, solvents, additives and processing methods
[22,23]. In addition, since transient or metastable
crystalline species may be difficult to characterize
accurately, one may use predicted structures to estimate various physical data. For example, powder
diffraction patterns may be used to assist the accurate
description of these metastable forms [40]. Continued
development of theoretical methods coupled with
validation of the predictions by extensive crystallization screening will lead to better models and computational methods. At present, experimental methods
must still be relied upon to assess the potential form
diversity of a given compound. It will be important to
concurrently push the limits on theoretical prediction
and HT crystallization, in order to advance our understanding of the nature and extent of polymorphism in
pharmaceutical compounds.
3.5. Engineering of co-crystals
Co-crystals of drugs and drug candidates represent
a new type of material for pharmaceutical development. They are part of a broader family of multicomponent crystals that also includes salts, solvates,
clathrates, inclusion crystals and hydrates as shown
in Scheme 2. The primary difference between solvates
and co-crystals is the physical state of the isolated
pure components: if one component is a liquid at
room temperature, the crystals are designated as
solvates; if both components are solids at room
temperature, the crystals are designated as co-crystals.
While at first glance these differences may seem
trivial, they have profound impact on preparation,
stability and ultimately on the ability to develop
products.
In general, it is usually easier to initially prepare
solvates than co-crystals, and indeed, solvates are often
found as by-products of polymorph and salts screens.
Co-crystals have been prepared by melt-crystallization,
grinding and recrystallization from solvents [1]. Sol-
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Scheme 2. Types of multicomponent crystals.

vent systems for co-crystals must dissolve all components, but must not interfere with the interactions
necessary for co-crystal formation. The need to try
many solvent combinations and the availability of
multiple co-crystal formers creates a diversity that is
ideally suited for exploration by HT systems.
Co-crystals have the potential to be much more
useful in pharmaceutical products than solvates or
hydrates. The number of pharmaceutically acceptable solvents is very small, and because solvents
tend to be more mobile and have higher vapor
pressure, it is not unusual to observe dehydration/
desolvation in solid dosage forms. Solvent loss
frequently leads to amorphous compounds, which
are less chemically stable and can crystallize into
less soluble forms. In contrast, most co-crystal
formers are unlikely to evaporate from solid dosage
forms, making phase separation and other physical
changes less likely.
Examples of co-crystals have existed in conductive
organic crystals, non-linear optical crystals, dyes,
photographic materials pigments and agrochemicals
for some time [7]. Two recent papers by Fleischman et
al. [43, 45] emphasize the importance of understanding
‘‘supramolecular synthons’’ in synthesizing co-crystals containing pharmaceutical agents. For example,
the ability to insert 4,4V-bipyridine between the carboxylic acid dimers of aspirin, rac-ibuprofen and racflurbiprofen was recently reported [43]. The three
examples clearly demonstrate the generality of the
use of a pyridine-carboxylic acid heterosynthon II

(Scheme 3) to replace a dicarboxylic acid dimer
homosynthon I. A second study focused on finding
multiple solvates and co-crystals of carbamazepine
[45]. Carbamazepine polymorphs crystallize as amide
dimers, each of which ties up the polar amide functional groups through homosynthon III. Crystal structures shows that each dimer contains a peripheral Hbond donor and acceptor pair that remain unused due
to geometric constraints imposed by the drug molecule. Simple H-bond acceptor solvents like acetone
and DMSO insert themselves to fill voids between the
adjacent pairs of dimers [45]. Multiple co-crystals
formers having hydrogen bond acceptors likewise
insert themselves into the void. The homosynthon
can also be broken to form heterosynthon IV, an
amide-carboxylic acid dimer [45]. This was achieved
to form solvates with acetic, formic and butyric acids,
and co-crystals with trimesic and nitro-isophthalic
acid.
A recent study of adducts of acetaminophen
(paracetamol) with ethers and amines provides additional examples of supramolecular synthons for cocrystal formation [108]. While amide-amide homosynthon could have formed, both known forms of
the pure material consist of linear head-to-tail chains
held together through motif VI; the chains are crosslinked through synthon VII. The linear chain structure is preserved in co-crystals with 4,4Vbipyridine,
but the cross-linking interaction VII is replaced by
VIII, in which the 4,4Vbipyridine is hydrogen bonded to the amide hydrogen. The chains remain cross-
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Scheme 3. Supramolecular synthons observed in co-crystals.

linked but only through pi-stacking interactions between 4,4Vbipyridine pairs on neighboring chains. In
co-crystals with piperazine, the acetaminophen forms
head-to-head chains through IX. Each chain is joined
to the next through a layer of piperazine molecules
that interact through heterosynthons X and XI. The
paper also includes many solvates that will not be
reviewed here, but their synthons should be applicable to co-crystal formation.
The above studies focused on demonstrating the
use of supramolecular synthons to create novel crystalline phases. The variety of structures observed
provides hope that some forms will have superior
performance in pharmaceutical dosage forms. However, the studies stop short of providing data on the
physical properties, such as solubility, necessary to
evaluate their utility. Furthermore, only the saccharin
and nicotinamide co-crystals of carbamazepine represent pharmaceutically acceptable co-crystals. Crystals
containing two drugs may appear to be a good
technique for making combination products of two
drugs, but unless the two drugs are dosed only in
stoichiometric ratios consistent with the co-crystal
composition, such crystals would still need to be coformulated with at least one of the bulk drugs in order
to satisfy the clinical requirements.

We recently reported on the discovery and dissolution properties of pharmaceutically acceptable cocrystals consisting of hydrogen-bonded trimers of two
molecules of cis-itraconazole and one molecule of a
1,4-dicarboxylic acid resulting from a HT crystallization screen [44]. The crystal structure of the succinic
acid co-crystal (Fig. 8) revealed an unanticipated
interaction between the triazole of itraconazole and
the carboxylic acid (heterosynthon V in Scheme 3).
The extended succinic acid molecule fills a pocket,
bridging the triazole groups. The interaction between
the 1,4-diacid and the strongest base on itraconazole
(piperazine) is absent in the co-crystal structure. Other
1,4-diacids including fumaric acid, L-malic acid and
L-, D- and DL-tartaric acids also yielded co-crystals
with itraconazole, but co-crystals could not be made
from maleic acid with Z-regiochemistry, or from 1,3or 1,5-dicarboxylic acids. Hence, geometric fit
appears to be more important than acid-base chemistry in directing crystallization of the compounds of
itraconazole with 1,4-dicarboxylic acids.
Identification of multiple crystal forms of the same
drug with acceptable solubility, dissolution rate and
stability enables selection of the optimal form for
dosage form development. To demonstrate this feature, the dissolution of itraconazole co-crystals in

627

S.L. Morissette et al. / Advanced Drug Delivery Reviews 56 (2004) 275–300

295

Fig. 8. Trimer unit of the itraconazole succinic acid co-crystal from single crystal X-ray structure (from [44], with permission).

aqueous medium was studied to assess their potential
impact on bioavailability of the drug from a solid
dosage form. Fig. 9 compares the dissolution profiles
of the co-crystals into 0.1 N HCl to those of crystalline itraconazole-free base (95 % of all crystalline
particles < 10 Am) and commercial SporanoxR beads
(amorphous itraconazole). The malic acid co-crystal
rivals the dissolution of the commercial product. In
general, the co-crystals behave more similarly to
SporanoxR than the crystalline-free base. The cocrystal forms achieve and sustain 4- to 20-fold higher
concentrations than that achieved from the crystallinefree base. The practical implication is significant,
since the ability to form a supersaturated solution,
even transiently, can have dramatic impact on absorption and bioavailability.

Fig. 9. Dissolution profiles into 0.1 N HCl at 25 jC plotted as
itraconazole concentration ([itraconazole]) as a function of time for
SporanoxR beads (n), crystalline itraconazole-free base (x) and cocrystals of itraconazole with L-malic acid (z), L-tartaric acid (.) and
succinic acid (E) (from [44], with permission).

Co-crystals represent a class of pharmaceutical
materials of interest, both in terms of projected diversity and applicability. The study of co-crystals, along
with polymorphs, solvates, salts and hydrates, is
perfectly suited to HT crystallization experimentation
and should be considered part of the form selection
processes.

4. Post-screening analyses and form selection
Several functional characteristics must be considered in the selection of a suitable crystal form for a
pharmaceutical dosage form. HT crystallization has
the potential to create a larger pool of crystal forms for
which functional parameters, such as dissolution rate,
chemical stability, flow and compressibility, must be
determined and compared. Strategies to accomplish
ranking of the numerous forms must be devised. An
example is the adaptation of HT for solubility measurement. The plot in Fig. 9 illustrates results of a
plate-based kinetic dissolution assay in which various
forms of a compound were placed in simulated gastric
fluid and monitored for dissolution as a function of
time. The schematic in Fig. 10 shows how such an
analysis can be accomplished in a 96-well filter plate.
The concentration at a given time point is determined
after filtration of the suspension by quantification
using either UV or HPLC with UV detection.
While the entire plate is filtered at one time,
different time points can be achieved by timing the
addition of dissolution medium such that the aliquot
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Fig. 10. Schematic of a 96-well dissolution filter plate.

for the longest time point desired is dispensed first and
the shortest one comes last. Instead of varying the
form along one axis of the plate, one can choose to
study the dissolution of a single form into several
different media (see Fig. 10). Equilibrium solubility
can be determined in a variety of solvents and at
different temperatures using a similar principle to the
dissolution plate. A demonstration has been provided
using automated React-IR analysis [109]. Other functional parameters, such as solid-state stability and
thermal properties, can be adapted to HT. Such
systems for ranking the stability of forms generated
from HT crystallization await publication and review
at a future date.

5. Summary and outlook
HT crystallization methodologies are capable of
screening hundreds or thousands of crystallization
conditions in parallel using small amounts of compound for the identification and characterization of
diverse forms of active pharmaceutical ingredients. As
demonstrated by numerous case studies from several
stages of pharmaceutical development, such technologies have begun to show promise in enabling more
comprehensive exploration of solid form diversity.
The technologies are likely to provide a landscape
of potential operating conditions from which scientists
and engineers can design robust and scalable processes for transfer to manufacturing.
The ability to conduct extensive crystallizations
with small amounts of material using a variety of
solvents, additives and conditions necessarily generates large sets of data. However, the information by
itself is of limited value, unless it can be properly
analyzed. In order to extract maximum knowledge

from the studies, it is essential to have the ability to
design experiments, track samples in the process,
collect the data in a relational database, and mine the
information using statistical techniques and models in
property space that assist the scientist to maximize the
value of the data. Such models attempt to fit an output
variable to physical properties or descriptors using
techniques similar to those used in traditional quantitative structure activity relationships (QSAR). These
models can be carefully extended to mixtures containing compounds that were not included in the original
experiments if validation suggests that the models are
sufficiently stable. Significant models that are found in
the analysis of the data can be stored in the database for
later retrieval and use to direct iterative experiments.
The power of this approach becomes increasingly more
visible when several properties are being co-optimized,
as can be very important in the pharmaceutical development process where such properties as oral bioavailability, stability and processability need to be
reconciled. The availability of a map of conditions that
lead to the formation of different forms (salts, hydrates,
solvates, polymorphs, co-crystals) of the drug can be
valuable to the process chemists or engineers as they
develop scalable processes to produce materials suitable for development and registration.
For many years, the value of composition of matter
(CoM) patents on new chemical entities, including
where appropriate, pharmaceutically acceptable salts,
has been well appreciated. However, it is only within
the last decade or so that the application of CoM
patents has been significantly extended to cover all
forms of the compound, including hydrates, solvates,
co-crystals and polymorphs. Unlike salts, which for
the most part can be prophetically claimed based on
an understanding of the chemical structure of the
compound and its ionization constants, the existence
and identity of hydrates, solvates, co-crystals and
polymorphs have defied prediction. Therefore, in
order to obtain patent protection on these forms, some
of which may have significantly different properties
and relevance as development candidates, it is essential to prepare them, identify conditions for making
them and evaluate their properties as valuable new
pharmaceutical materials.
In general, discrete crystal forms are considered
non-obvious and patentable. Given the diversity and
greater complexity of chemical structures of today’s
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drug candidates [110], coupled with the advanced
technology to identify novel forms, it is common to
find multiple forms of drugs [61], some similar, some
dramatically different in terms of their in vivo performance. These forms are all candidates for separate
intellectual property protection. Therefore, it is incumbent on the innovator of a new drug candidate to
identify and patent these forms in order to optimally
protect their investment in the compound. Recent case
studies suggest that identifying and patenting all forms
of new chemical entities should be a primary strategy
of all innovators of novel drugs. In this regard, the use
of HT crystallization technologies for rapid, comprehensive discovery and characterization of solids form
diversity offers significant advantages for the development of a strong intellectual property position.
With the advent of HT crystallization methods,
appreciation for the landscape of physical form for
drug development has begun to change. Use of these
systems has the potential to facilitate drug development by saving valuable time in selecting the optimal
physical or chemical form of a given compound. HT
systems that generate rich datasets offer the ability to
develop a more fundamental understanding of the
crystallization process, based on knowledge generated
from large numbers of experiments on diverse compounds. Having such information at an early stage
minimizes the risk of process modifications resulting
in form changes and provides the opportunity to gain
more comprehensive intellectual property coverage.
In addition, comprehensive form data help address
important regulatory questions related to the number
of solid forms of an API and the relationships between
them.
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Abstract:
Selection of an appropriate salt form for a new chemical entity
provides the pharmaceutical chemist and formulation scientist
with the opportunity to modify the characteristics of the
potential drug substance and to permit the development of
dosage forms with good bioavailability, stability, manufacturability, and patient compliance. Salts are most commonly
employed for modifying aqueous solubility, however the salt
form selected will influence a range of other properties such as
melting point, hygroscopicity, chemical stability, dissolution
rate, solution pH, crystal form, and mechanical properties.
Where possible, a range of salts should be prepared for each
new substance and their properties compared during a suitable
preformulation program. Since it is normally possible to fully
develop only one salt form, its properties should be appropriate
to the primary route of administration and dosage form. An
understanding of the influence of drug and salt properties on
the finished product is essential to ensure selection of the best
salt. The drug properties required for one dosage form may
be quite different from those required for another. A well
designed salt selection and optimisation study provides a sound
base on which to build a rapid and economic product development programme.
Introduction
Modern drug discovery processes involve the screening
of vast numbers of compounds that may have been made by
the Company’s research laboratories over many years. Added
to these may be the many thousands of compounds that have
been manufactured as libraries of structurally related series
by “combinatorial chemistry” techniques. All of these
compounds are generally dissolved in dimethylsulphoxide
(DMSO) solution and screened in an enzyme- or receptorbased assay system. If the number of “hits” produced is large,
the numbers are usually refined by further screening and
selection until a manageable number of “leads” is available.
Many of these leads will show only weak or moderate
activity and further refinement and optimisation is invariably
necessary. These optimisation procedures usually involve
numerous structural modifications, aided by computational
techniques, until a small number (usually 1-5) of highly
active “candidates” remain.
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These candidates are usually free bases, free acids, or
neutral molecules, rather than their salts. Also, because of
the generally higher molecular weights of modern drug
substances and the increased use of DMSO solutions in the
screening processes, it is becoming apparent that there is a
tendency towards ever more lipophilic candidates being
presented. Frequently, when first proposed as potential
development candidates, they are often amorphous or
partially crystalline as little effort has been made to
investigate formal crystallisation procedures. The need for
water-soluble candidates has been recognised1-4 for many
years before the advent of ‘combinatorial chemistry.
Investigations into the Possibilities of Salt Formation
When first presented for initial preformulation investigations, normally the amount of drug substance available from
Discovery Chemistry rarely exceeds 1 g. To maximize the
amount of data gained from such small quantities, semi-micro
techniques have been developed and are used regularly within
our groups. Invariably, the first information generated for
each candidate is the calculated pKa value of each ionisable
group in the molecule.5-8 This is quickly checked against
the value determined experimentally on 1-2 mg of sample
by potentiometric titration (e.g., Sirius Model GLpKa apparatus, Sirius Analytical Instruments Ltd.). Knowledge of
the pKa value enables potential salt forming agents (counterions) to be selected, for each candidate, based on lists that
are available in the literature.2,9-11 For the formation of a
stable salt, it is widely accepted that there should be a
minimum difference of about 3 units between the pKa value
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231.
(2) Gould, P. L. Int. J. Pharm. 1986, 33, 201.
(3) Morris, K. R.; Fakes, M. G.; Thakur, A. B.; Newman, A. W.; Singh, A.
K.; Venit, J. J.; Spagnuolo, C. J.; Serajuddin, A. T. M. Int. J. Pharm. 1994,
105, 201.
(4) Anderson, B. D.; Flora, K. P. In The Practice of Medicinal Chemistry;
Wermuth, C. G., Ed.; Academic Press Ltd., 1996; Chapter 34.
(5) Remington: The Science and Practice of Pharmacy, 19th ed.; Gennaro,
A. R., Ed.; Mack Publishing Co.: Easton, Pennsylvania, 1993; Vol. II, p
1456.
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Acids and Bases; Chapman and Hall: London, 1981.
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Table 1. Classification of common pharmaceutical salts
salt class

examples

inorganic acids
sulfonic acids
carboxylic acids
anionic amino acids
hydroxyacids
fatty acids
insoluble salts

Anions
hydrochloride, hydrobromide, sulfate, nitrate, phosphate
mesylate,b esylate,c isethionate,d tosylate,e napsylate,f besylateg
acetate, propionate, maleate, benzoate, salicylate, fumarate
glutamate, aspartate
Citrate, lactate, succinate, tartrate, glycollate
hexanoate, octanoate, decanoate, oleate, stearate
pamoate (embonate), polystyrene sulfonate (resinate)

organic amines
insoluble salts
metallic
cationic amino acids

Cations
triethylamine, ethanolamine, triethanolamine, meglumine, ethylenediamine, choline
procaine, benzathine
sodium, potassium, calcium, magnesium, zinc
arginine, lysine, histidine

a Based on data from various sources.9-11
sulfonate.

b

Methane sulfonate. c Ethane sulfonate. d 2-Hydroxyethane sulfonate. e Toluene sulfonate. f Naphthalene sulfonate. g Benzene

of the group and that of its counterion, especially when the
drug substance is a particularly weak acid or base. Occasionally, exceptions may be found where a salt has an acceptable
stability, despite there being a smaller difference in the pKa
values.
A microplate technique has been developed for the
screening of salts; this involves dissolving approximately 50
mg of sample in a suitable, volatile solvent and adding a
fixed volume of this solution, containing about 0.5 mg of
sample, into each microplate well. Concentrated solutions
of each potential counterion in equimolar proportion, or other
appropriate stoichiometric ratio, are prepared and a few
microlitres of each is added sequentially to each well. Thus,
all of the wells in line 1 (x-direction) will contain the same
combination of sample and counterion 1; all of the wells in
line 2 contain the same combination of sample and counterion 2, etc. Different, potential crystallising solvents can be
investigated methodically in the y-direction. The wells are
inspected using an inverted microscope (Leica, Model
DMIRB) at regular intervals for the appearance of crystals.
Occasionally, crystallisation can be promoted by evaporation
of any excess solvent in some wells using a slow stream of
dry nitrogen gas.
Once the combinations of counterion and solvent(s) are
identified, studies at a slightly larger scale (usually 10-50
mg, occasionally up to 500 mg) can be initiated to confirm
the suitability and viability of the crystals. These studies can
help identify problems with low melting points, determined
by hot-stage microscopy, and hygroscopicity, if processed
on a suitable apparatus (e.g., Dynamic Vapour Sorption
Analyser, model DVS-1, Surface Measurement Systems
Ltd.). Frequently these studies can also give preliminary
information on the existence of solvates and hydrates,
especially if differential scanning calorimetry (DSC, Mettler
Toledo DSC, model 820), thermal gravimetric analysis
(TGA, Mettler Toledo TGA, model 850) and hot-stage
microscopy are also used in the evaluation process.
In parallel with these studies, a preliminary high performance liquid chromatographic (HPLC) method is quickly
developed to give an estimate of the purity of the sample,
whilst infrared and other spectroscopic techniques may be
428
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used to define the salt and the stoichiometry. Knowledge of
the approximate purity is important at this stage as the
presence of high levels of some impurities can often hinder
crystallisation or alter the polymorphic form obtained.
Therefore, from these preliminary, small-scale studies, a
range of potential salt formers and recrysallisation solvents
can be quickly identified. Following further scale-up to gram
quantities, more comprehensive data can be obtained to
evaluate their suitability for use in formulations.
Choice of the Salt Former
Although the choice of salt is governed largely by the
acidity or basicity of the ionisable group, safety of the
counterion, drug indications, route of administration and the
intended dosage form must also be considered. Toxicological
and pharmacological implications of the selected salt former
must be considered as well as the effects of the parent drug.
Salt formers can be subdivided into a number of categories,
depending upon their functionality and purpose. Some of the
most frequently used examples are listed in Table 1.
The vast majority of salts are developed to enhance the
aqueous solubility of drug substances. For weakly basic drug
substances, salts of an inorganic acid (e.g., hydrochloride,
sulphate, or phosphate), a sulphonic acid (mesylate or
isethionate), a carboxylic acid (acetate, maleate or fumarate),
a hydroxyacid (citrate or tartrate), or possibly an amino acid
(arginine or lysine) could be considered. Hydrochloride salts
have often been the first choice for weakly basic drugs, since
as a consequence of the low counterion pKa, salts can nearly
always be formed, and recrystallisation from organic solvents
is normally straightforward. However, the potential disadvantages of hydrochloride salts may include unacceptably
high acidity in formulations (e.g., parenteral products), the
risk of corrosion, less than optimal solubility due to the risk
of salting out and the potential for poor stability if the drug
is acid labile and hygroscopic.2
Occasionally, salts may be also prepared to decrease drug
substance solubility for use in suspension formulations where
very low solubility is necessary to prevent “Ostwald ripening”, for taste-masking, or to prepare an extended release
product. Embonate salts have been used in suspension
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Table 2. a Preformulation studies that are normally considered for comparison of salt forms and parent compound for oral
dosage forms
test
dissociation constant and
basic physico-chemical
properties
melting point
aqueous solubility

suitable techniques

comments

potentiometry, solubility,
UV spectroscopy

determine pKa for parent drug

capillary m.pt., hot stage microscopy,
differential scanning calorimetry
overnight equilibration at 25 °C; analysis
by UV spectroscopy or HPLC

perform on each salt and
compare to parent
Perform on each salt and
compare to parent
Examine pH of saturated solution
if quantities permit.
Determine solubilities in ethanol,
poly(ethylene glycol), propylene glycol
and glycerol and compare to parent.
compare solubility in demineralized
water with 1.2% NaCl for salts and parent

pH of solution
cosolvent solubility

overnight equilibration at 25 °C, analysis
by UV spectroscopy or HPLC

common ion effect on solubility

overnight equilibration at 25 °C
in suitable media and analysis
by UV spectroscopy or HPLC
use DVS apparatus or expose
to various RH values and
measure weight gain after 1 week

hygroscopicity

intrinsic dissolution rate

use Wood’s apparatus14

crystal shape and appearance

SEM or optical microscopy

particle size
polymorphism/pseudopolymorphism
powder properties
stability

SEM and laser diffraction
recrystallizations, HSM, DSC, TGA
bulk density measurement
various

formulations to increase the duration of action (e.g., chlorpromazine embonate). On some occasions, the selection of
a salt with only modest aqueous solubility may be more
suitable for use in tablet products prepared by wet granulation
since the use of highly soluble salts can be detrimental to
the granulation process. Depending on the dose required,
aqueous solubilities in the range 0.1-1.0 mg/mL will
normally be sufficient to satisfy the dissolution requirements
for standard, solid, oral dosage forms of drugs with good to
moderate potency. However, for parenteral solution products,
higher solubilities, perhaps 10 mg/mL or greater, depending
on the required dose and dose volume, may be required. For
parenteral formulations, the pH of solution (normally within
an acceptable range of 3-10 for intravenous solution) should
be monitored to help ensure that the formulation will be well
tolerated.
Salts are also frequently prepared for the reasons other
than solubility modification; it is frequently necessary to
prepare a specific salt to either achieve adequate physical
stability or for taste masking (e.g., dextropropoxyphene
napsylate suspension). Manipulation of drug substance
solubility by selection of salts may also be employed to
modify the pharmacokinetic profile of the drug (e.g.,
benzathine penicillin and insulin zinc complexes used in
parenteral formulations). Salt formation may be also advantageous where the melting point of the active moiety is low,
and it is necessary to mill or micronise the active ingredient
to achieve adequate homogeneity. A suitably stable salt may
have a melting point that is 50-100 °C higher than the free
acid or free base. Also, being more ionic, the crystals are

perform at 53, 93, and 97% RH,
and other values of interest;
assign hygroscopicity
classification to each salt13
compare dissolution rates at various pHs
(can provide data on wettability)
Compare crystal habits and
levels of agglomeration
Examine particle size distributions.
preliminary exploration
determine Carr’s compressibility index
perform on parent drug and undertake
preliminary tests on appropriate salts

likely to be less plastic and more easily deformed by brittle
fracture.
Scale-up of the Formation of Salts
The information from the preliminary crystallisation
studies is communicated to the Process Chemistry group,
who by this time will have started their investigations into
possible manufacturing routes for each of the candidates
remaining. At this stage in the development process, Process
Chemistry usually aim to quickly manufacture 50-200 g of
the one or two candidates that may remain to progress them
towards initial clinical evaluation. The manufacturing route
may be the same as used by the Discovery Chemistry group
but usually is significantly different. The aims of both the
Process Chemistry and Preformulation groups for the following 12-18 months is to collaborate extensively to ensure
that, for the chosen candidate, there will be a viable synthetic
route to the chosen form of the drug substance.
A significant portion of this batch is destined for the
preparation of 3-4 g of each of the salts that were thought
to be viable from the smaller-scale studies. A similar sized
portion of the free base/acid is also taken for comparison
purposes. The combination of individual studies undertaken
on each of these 3-4 g portions varies depending on the
type(s) of dosage form ultimately required for marketing.
Occasionally, it may be necessary to undertake a pharmacokinetic evaluation of each salt in comparison with the free
acid/base. The dosage forms most commonly used for the
drug substances encountered during preliminary clinical
investigations are tablets/capsules, inhalation dosage forms
and injections.
Vol. 4, No. 5, 2000 / Organic Process Research & Development
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Table 3. Tests to be considered for the evaluation of
candidate salts
test to be considered

amount required, mg

Structural Analysis
mass spectroscopya
1H NMRa
13C NMRa
Ir spectrum
UV spectrum
fluorescence spectruma
elemental analysis
Physicochemical Properties
melting range
pKa a
C log P/log P a
preliminary polymorphism study
X-ray diffraction
aqueous solubilityb
pH - solubility profile
cosolvent solubilitiesc
propellant solubilityd
Physical Properties
hygroscopicity
microscopy (SEM/optical)
particle size (Malvern)
size reduction (sonication)

1
5
25
1
1
1
10
2
5
5
200-500
20
100
500
300
500
20
10
100
300

Impurities (hplc)
related substancesa
degradation productsa
chiral puritya

10
10
10

Stability Studies
stability to hydrolysis (pH 2, 7, 10)a
stability to oxidation (peroxide/peracid)a
stability to photolysisa

15
15
15

a Determined on free acid/base only. b Would include solubility in saline, 5%
dextrose and some buffers c Also solubilities in complexing agents/surfactant
systems where appropriate d Propellants and propellant/cosolvent systems for
inhalation dosage forms.

Tables 2 and 3 show the types of tests normally chosen,
the information that they can produce and the amount of
sample normally required for these common dosage forms.
What to Develop: Salt or Free Acid/Base?
The results obtained from each of these tests are tabulated
for the free acid/base, together with each of the salts, and
discussed in detail between the Formulation Scientists,
Preformulation Analysts, Physical Chemists, Process Chemists, and occasionally Pharmacokineticists. The Preformulation Scientists assess the relative merits of each form for
use in the proposed clinical formulations and whether the
properties such as solubility are adequate to give the high
concentrations required in the various pre-clinical formulations. Process Chemistry need to assess the likely yield of
each salt, as salt formation creates an additional step in the
manufacturing process. Usually, the decision-making process
results in the proposal of a single salt for further study,
although occasionally it is seen that none of the salts have
optimum properties, and two different salts can be proposed
for in-depth study. Also, it is occasionally found that the
overall properties of the free acid/base are much better than
any of the salts. This occurs more frequently where the
430
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candidate has a low pKa value and the resulting salts are
less stable than required or when the salts are particularly
hygroscopic or when they exhibit complex polymorphism/
pseudopolymorphism (hydration or solvation).
These relatively simple investigations give much useful
information very quickly; it should be noted, however, that
the preliminary polymorphism study is far from the in-depth
study that is always undertaken later. This preliminary study
uses a range of protic and aprotic solvents of widely differing
polarity and will normally show the presence of a stable
hydrate or solvate.
Once a decision is agreed upon within the group, a
document that gives a précis of the discussions and the basis
for the proposal is normally drafted for agreement by senior
management. Examples of these salt selection studies are
given below:
Example No. 1 (RPR 111423)
RPR 111423 is a candidate drug substance that has been
evaluated for the treatment of symptoms related to infection
by AIDS. It is a crystalline, very weak base with a pKa at
4.25. A comprehensive screening of possible salts demonstrated only a monohydrochloride (RPR 111423A) and a
mesylate (RPR 111423B) could be isolated as crystalline
solids.
It was decided that the free base should be taken through
the simple evaluation process in comparison with these two
salts. It was expected that the drug substance could be
required in the form of tablets or capsules, with an injection
form needed for some pre-clinical studies and for the
determination of absolute bioavailability in man. Because
of its high activity in screening studies, there was a possibility
that very low dose oral formulations might be needed. This
may require micronised drug substance to enable content
uniformity requirements to be met; this micronised material
would also be expected to enhance dissolution.
The results from the relatively simple studies undertaken
are given in Table 4. The two salts clearly demonstrated the
predictable problems associated with a relatively low pKa
value; the salts were quite weak and dissociated to liberate
the free base in media with pH values below the pKa. The
very low solubility of the free base resulted in immediate
precipitation following dissociation. There was clear evidence
for multiple polymorphism for each of the salts, and
establishing the existence of a stable polymorph, or a suitable
pseudopolymorph, may have been necessary before a decision could be made on which of the two salts could be
developed further.
The corresponding results for the free base indicated that
it appeared to be the better candidate; it showed no evidence
of polymorphism, and it was not hygroscopic. The two major
areas that required further investigation were whether it had
sufficient solubility in gastrointestinal media and whether it
could be micronised. Studies performed on samples of drug
substance and on simple capsule formulations demonstrated
that the dissolution rates of micronised free base were
equivalent or superior to those of the salts under the same
conditions.
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Table 4. Comparison of some simple properties of RPR111423 and its two salts
result for
RPR 111423 (base)

result for
RPR 111423A (hydrochloride)

off-white to cream,
crystalline powder
10-100 (large
rhombic crystals)
241-244
no other form detected

pale yellow, highly
agglomerated powder
2×1
(microcrystalline laths)
242
at least four polymorphs detected;
metastable forms revert to
original on standing

other thermal behavior

nothing detected

aqueous solubility,
mg/mL
- at pH 1
- at pH 2
- at pH 4
- at pH 6
- at pH 6,8
- in demineralized water
pH of saturated
solution, at 20 °C,
in water
addition of
water to concentrate
- at pH 2
- at pH 4
hygroscopicity
(hygrostat for 14 days)

at 25 °C

at 37 °C

loss of HCl detected
at 110-120 °C
at 25 °C
at 37 °C

11.6
0.71
0.03
0.01
0.01
0.01

14.7
0.89
0.05
0.02
0.02
0.02

25.7
2.51
0.05
0.01
0.01
0.36

test
appearance
particle size
by microscopy, µm
melting range, °C
preliminary
polymorphism study

6.50

no changes detected
no changes detected
non-hygroscopic
<0.2%w/w water
uptake at any RH

28.2
4.58
0.13
0.02
0.02
0.99
2.43

cream to pale yellow, highly
agglomerated powder
7×1
(microcrystalline laths)
210
at least six polymorphs detected;
phase changes detected on
grinding or micronisation;
reverts to original form on heating
nothing detected
at 25 °C

at 37 °C

131.4
6.11
0.01
0.03
0.01
0.33

204.1
8.91
0.02
0.34
0.02
0.50
2.74

some precipitation of free base
extensive precipitation of free base
slightly hygroscopic
2.3% w/w uptake at 53% RH
22% w/w uptake at 97% RH

Example No. 2 (RPR 127963)
RPR 127963 is a candidate drug substance that has been
evaluated for the treatment of cardiovascular diseases; it is
a crystalline, very weak base with a pKa at 4.10. In common
with most similar drug substances intended for the treatment
of cardiovascular disease, it was considered that a high-dose
(up to 250 mg) solid, oral dosage form and a correspondingly
high-dose (up to 50 mg/mL) injection would be ultimately
required. In line with our standard protocol, a comprehensive
evaluation of possible salts was undertaken, and this demonstrated that five crystalline salts (a hydrochloride, a
mesylate, a citrate, a tartrate, and a sulphate) could be readily
produced. It was decided to quickly profile each of these
salts in comparison with the free base. The results of these
studies are given in Table 5.
When the anhydrous free base was evaluated, the existence of an additional mono-, di-, and trihydrate was found
quite rapidly. It was shown that all four of these forms could
be interconverted under conditions that might be expected
to be found in granulation processing. The other potential
problem with the anhydrate was the low melting point. In
considering the results obtained for the various salts, the
solubilities of the citrate and the tartrate were much lower
than required for an injectable form and lower than ideal
for high dosage formulations. An additional problem for the
tartrate salt was the high hygroscopicity. Both of these salts
were rejected before completion of the full evaluation. The
hydrochloride salt was also shown to have several problems
such as lower than ideal solubility, probable multiple
polymorphism, and the formation of hydrates.

result for
RPR 111423B (mesylate)

some precipitation of free base
extensive precipitation of free base
moderately hygroscopic
3.7% w/w uptake at 53% RH
32% w/w uptake at 97% RH

Thus, the mesylate and the sulphate were the two salts
that remained; both had high melting points, excellent
aqueous solubility, and were non-hygroscopic. The free base
still remained a possible candidate, if a stable hydrate could
be found. It was therefore decided to undertake some
additional evaluations on these three forms; the results from
these are presented in Table 6.
These additional results demonstrate a slight advantage
in favour of the sulphate salt because of its greater solubility
in cosolvents. This would give the formulator a better chance
of achieving a higher dose in an injectable formulation. It
was considered that the sulphate salt (RPR 127963E) could
be studied further in the more detailed evaluations that would
follow over the next few months. The mesylate or the free
base (if a suitably stable hydrate could be found) would
provide a possible back-up, should unforeseen problems
arise.
Example No. 3 (RPR 200765)
RPR200765 is a candidate drug substance proposed for
the treatment of rheumatoid arthritis. It is another crystalline,
weak base with a pKa of 5.3 which formed salts with a wide
selection of counterions. It was expected that doses of 100125 mg of RPR200765 in capsules would be required for
clinical studies.
Early studies suggested that RPR200765 free base was
unacceptable for use in solid, oral dosage forms due to a
very poor aqueous solubility of approximately 10 µg/mL and
poor bioavailability in animal models. However, RPR200765
would form stable salts with hydrochloride, hydrobromide,
Vol. 4, No. 5, 2000 / Organic Process Research & Development
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Table 5. Comparison of some simple properties of RPR127963 and its five salts
result for
free base
(RPR 127963)

test
appearance

result for
HCl salt
(RPR 127963A)

result for
mesylate salt
(RPR 127963B)

result for
citrate salt
(RPR 127963C)

result for
tartrate salt
(RPR 127963D)

result for
sulfate salt
(RPR 127963E)

yellow,
crystalline
powder
tightly packed
spherulites of
agglomerated
microcrystals
18 µm diameter.
280.9-282.2

yellow,
crystalline
powder
microcrystals
(2-3 µm)
with some
aggregates
(70 µm)
130.2-134.3

yellow,
crystalline
powder
rounded
agglomerates of
microcrystals in
domains (70 µm)

yellow,
crystalline
powder
aggregates of
microcrystals
(10-15 µm)

198.5-201.6

305.7-308.9

yellow,
crystalline
powder
1-3 µm
(agglomerates
of microcrystals)

yellow,
crystalline
powder
1-3 µm
(agglomerates
of microcrystals)

melting range, °C

119-123

preliminary
polymorphism study

several hydrates
detected

166-191 (re-grows
at about 166,
recrystallizes at
191, then melts at
about 275
two monohydrates
and one anhydrate

no evidence
of polymorphs

stable
hemihydrate
detected

unstable
anhydrate

no evidence of
polymorphs

aqueous solubility
(25 °C), mg/mL
- in demineralized water
- in 0.1 M HCl
- in 0.1 M NaOH
- in dextrose 5%w/v
pH of saturated solution
hygroscopicity

n.d.a
n.d.
0.020
n.d.
n.d.
n.d.

3.92
5.2
0.019
2.84
2.33
non-hygroscopic

108
50.4
0.022
90
1.76
non-hygroscopic

0.83
n.d.
n.d.
n.d.
2.49
non-hygroscopic

0.89
n.d.
n.d.
n.d.
2.56
very
hygroscopic

∼50
5.9
0.018
∼40
1.32
non-hygroscopic

particle size
(microscopy), µm

a

n.d. ) Not determined.

Table 6. Comparison of additional properties of RPR127963 (anhydrate), its mesylate (RPR 127963B) and sulfate (RPR
12963E) salts
test
solubility in
cosolvents at
25 °C, mg/mL
ethanol
propylene glycol
poly(ethylene glycol) 400
dimethylsulphoxide
N-methylpyrrolidone
glycerol
peanut oil
intrinsic dissolution
rate, mg‚min-1‚cm-2
- in water
- in 0.01 M HCl
powder flow
properties
a

result for free base
anhydrate (RPR 127963)

result for sulfate
salt (RPR 127963)

190
35.4
188
> 500
> 400
42
0.18

0.6
0.7
0.2
14
4.4
n.d.a
none detected

0.2
1.7
0.2
110
8.5
2.7
none detected

0.01
0.35
n.d.

n.d.
7.3
Good, but becomes much worse
with increasing humidity

n.d.
7.7
Sticks slightly

n.d. ) Not determined.

methanesulfonate, and camphorsulfonate counterions. Aqueous solubility, particle size and shape, powder properties,
and polymorphism profile were considered to be the key
properties to permit a choice of salt to be made. In addition,
it was recognised that the use of some counterions with high
molecular weights, would require a large excess of drug
substance to achieve the required doses.
Studies demonstrated that the solubility of RPR200765
depended on the amount of drug substance used for the study.
This occurred because the counterion reduced the pH of
solution and enhanced solubility of the drug base. The
mesylate salt consistently produced a higher solubility than
any of the other salt forms. The higher solubility resulted in
432
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an enhanced dissolution rate of the mesylate salt compared
to the other salt forms. The solubility and dissolution rate
of the hydrobromide salt was particularly poor. Intrinsic
dissolution rate studies on compressed disks could not be
carried out because a good compact could not be obtained
for most of the salts, and the studies were carried out using
drug powder (equivalent to 50 mg free base) in capsules.
Hygroscopicity studies demonstrated that the hydrochloride and hydrobromide salts adsorbed large amounts of
moisture on exposure to humidity, resulting in the formation
of multiple hydrated forms. The methanesulfonate salt
however, was a stable monohydrate form which lost moisture
at very low humidity (<10% relative humidity (RH)) but
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Table 7. Comparison of the physicochemical properties of RPR200765 salt forms
test

result for mesylate salt
(RPR 200765A)

result for camphorsulfonate
salt (RPR 200765C)

result for hydrochloride
salt (RPR 200765D)

result for hydrobromide
(RPR200765E)

appearance

off-white to cream,
free-flowing powder

white to off-white, crystalline,
free-flowing powder

white, free-flowing
powder

MW
melting range, °C
maximum aqueous
solubility at 25 °C,
mg/mL
pH of saturated
solution in
demineralized water
at 20 °C, mg/mL
hygroscopicity
(by DVS)

566.61
214
39

684.79
265-267
19.95

524.98
245-248
16.68

white to off-white,
crystalline, free-flowing
powder
569.43
276-277
3.29

1.93

2.22

2.16

2.63

non-hygroscopic
with a stable,
monohydrate form
individual
platelike crystals
with some
agglomeration.
∼45-200 µm in
agglomerates of
200-350 µm

non-hygroscopic
clusters of
highly
aggregated,
platelike crystals
crystals ∼20-50 µm,
clusters ∼80-200µm
-some larger
clusters up to
500 µm

hygroscopic with
multiple hydrated
forms
platelike crystals;
individual crystals
contain stress lines

hygroscopic with
multiple hydrated
forms
loosely
agglomerated,
flaky material

∼30-100 µm
particles

10-40 µm
particles

2.0

6.0

7.4

3.9

>60% release

>60% release

>60% release

14% release

crystal habit
and appearance
particle size
by microscopy

dissolution studies,
drug substance in
capsule (T80%, min)
at pH 2
at pH 4
(in citrate buffer)

rapidly re-equilibrated to form the monohydrate form when
the humidity was raised. These findings suggested that this
salt would be amenable to solid dose formulation and there
was little risk of changes in the hydration state on processing
or storage under normal conditions. The camphorsulfonate
was non-hygroscopic. The results of these studies are outlined
in Table 7; in this case very little comparative work was
undertaken on the free base due to the poor solubility and
bioavailability.
Overall, the studies suggested that the mesylate salt was
the favoured form on the basis of its low hygroscopicity,
clean polymorphic profile in the preliminary screen, high
solubility, and rapid dissolution rates. Another favourable
factor supporting the selection of the mesylate salt proved
to be the good flow properties which allowed very satisfactory capsule and tablet formulations to be developed.
The Next Steps?
Having evaluated several possible alternatives in the three
cases above, using a relatively simple range of tests, a form
of the drug substance has been chosen that should be possible
to develop further. These simple studies have required 3-4
g of the free base and a similar quantity of each of the salts;
the data for all forms normally can be generated in one
month, or less. The next steps involve confirmation of the
choice, by employing a further range of tests, followed by
the optimisation of the form of the salt. A series of tests,
analogous to those in Table 2, are used in this evaluation;
these tests are given in Table 8.

Optimisation of the Drug Substance Form for
Development
Having chosen what should be a reasonably stable form
of the salt, free acid, or free base, one of the key activities
is to start investigations into which other polymorphic or
pseudopolymorphic forms exist. In the short development
phase where preclinical administration occurs, only a preliminary screening of these different forms is considered
necessary, as it is possible that the compound can be found
too toxic for further study. Our team undertakes this on about
500 mg of sample; small portions are recrystallised from
anhydrous and hydrated solvents of differing polarity. Any
crystalline product recovered is examined by a variety of
techniques to determine how many different forms are
produced and whether any are hydrates or solvates. Preliminary information on the inter-relationships between the
different forms can often be found, even at this early stage.
The remainder of the tests are designed for two main
purposes:
To define the various preclinical formulations that are
required, to devise analytical methods for these, to determine
their stability, and establish shelf lives.
To establish a database for the chosen form and to give
an indication of the possibilities for clinical formulations.
To accomplish this, it is normal to request a minimum of
25 g of drug substance, although occasionally more may
needed if the drug substance is intended for inhalation and
there are difficulties with micronisation.
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Table 8. Tests to be considered for “preclinical phase” (column 2) and in preparation for initial clinical investigation (column
3) for compounds intended for use in oral, injection and inhalation products
test to be considered
melting range
optical rotation
polymorphism
X- ray diffraction
intrinsic aqueous solubility
cosolvent solubilitiesa
propellant solubilityb

amount required, mg or g
Physicochemical Properties
50 mg
500 mg
20 mg
400 mg
500 mg

Impurities (HPLC)
10 mg
10 mg
10 mg
10 mg
Stability Studies
100 mg

related substances
degradation products
chiral purity
electrophoresis/TLC
hydrolytic profile (identify degradants)
bulk drug powder

100 mg
200 mg
4 g (R)
200 mg (R)
10 g (R)
1g
10 mg
10 mg
10 mg

2g
Excipient Compatibility
50 mg
Compression Properties

HPLC, XRPD, and DSC
for dry powder inhaler only

intra-tracheal suspensions
oral solutions/suspensions
solutions for nebulization
IV solutions
other routes (ip/sc)

50 mg
1g
25-50 g
20 mg
2g
2g

Physical Properties
800 mg
100 mg
200 mg
5g
2 g (R)
200 mg (R)
2.5 g (R)

hygroscopicity
microscopy (SEM/optical)
particle size (Laser)
micronisation
specific surface area
true density
bulk powder density
wettability

amount required, mg or g

250 mg
5g

Preclinical Formulation Development
2g
2g
2g
2g
1g
Clinical Formulation Development
predict suitable dosage forms
3g

microbiological controls
total substance requirements

20-25 g

Phase I-IIac 250-1200 g
d
depends on form and dose

a Also solubilities in complexing agents/surfactant systems where appropriate. b Propellants and propellant/cosolvent systems for inhalation dosage forms. c Develop
and specify Phase I formulation - commence stability/compatibility studies. d Dependent on drug availability; (R) possible to recycle drug substance for certain other
tests.

Once the drug substance is shown to be nontoxic, studies
leading to the definition of a suitable series of clinical
formulations can begin. For this, we normally expect to have
a reasonably clear picture of the inter-relationships between
the different forms of the drug substance and should have
started to define the most stable form. As more batches are
manufactured at increasing scale by Process Chemistry, they
are examined using some of the key tests to add information
to the database. Also, with the increased availability of drug
substance, it is possible to initiate maturation studies as an
additional technique to assist in the definition of polymorphism. If the structure of the drug substance has been
determined by single crystal X-ray, under certain circumstances it may be possible at this stage to initiate the
theoretical search for other polymorphic forms. This is
achieved using the Polymorph Predictor software (Molecular
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Simulations Inc.). This software has been used successfully
on several small molecules (molecular weight <500) and
predicts theoretical crystal structures and their relative
energies. The most stable form has the lowest energy;
increasing energy signifies lower stabilities.
As larger quantities of drug substance and samples from
different batches become available it is imperative that the
variation in basic physical properties (e.g., crystal size and
shape, specific surface area, powder flow properties, bulk
and tapped density etc.) are studied for each batch. By close
liaison with Process Chemistry, it is normally possible to
modify the recrystallisation conditions such that greater
batch-to-batch uniformity of these physical characteristics
can be achieved. Also, these characteristics can often be
modified such that they are closer to ideal.
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The Negative Aspects of Salt Formation
One of the negative aspects of salt formation is that the
percentage active content decreases markedly as highermolecular weight counterions are used. If the free acid or
base has only moderate or low activity, it may be necessary
for the patient to have a relatively high dose for a clinical
effect. If 20-50% of the weight of the drug substance is
due to inactive counterion, the addition of suitable excipients
for encapsulation or tableting may result in a powder volume
that is too great, even after granulation, to fit successfully
into even the largest acceptable capsule shell. This forces
the formulator towards a tablet. Even with these formulations,
a large tablet (or even multiple, smaller tablets) may be
necessary; these do not aid patient compliance.
Other problems that are frequently created, or exacerbated,
by salt formation are an increased tendency for the existence
or formation of hydrates and polymorphs. Hydrates may be
produced in formulations by interaction with water bound
to excipients, water in capsule shells, etc.
Final Definition of the Form
As the candidate passes through initial clinical evaluation
(Phases Ia and Ib), additional characterisation and refinement
of the drug substance form continues in parallel with the

finalisation of studies on the drug substance manufacturing
process. Close liaison and teamwork between the Process
Chemist and the Preformulation Scientist in an exploration
of the various possible recrystallisation solvents can often
result in further refinement of the crystal properties. An
excellent scheme for the final characterisation of solid drug
substances, prior to the final regulatory submission, has been
described recently.12 The aim of both the Preformulation and
Process Chemistry teams is to finalise the definition of all
of the characteristics of the drug substance in readiness for
the initiation of Phase IIa clinical trials
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