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STATEMENT OF CASE OF OPPONENT

The Opponent herein is a community based, non-profit organization
representing the needs of people living with HIV/AIDS ("PLHAs"). The Delhi
Network of Positive People ("DNP+") is registered as Society No.S-52850
under the Societies Registration Act XXI 1860, having its registered address at
House No.64, Gali No.3, Near IGNOU, Neb Sarai, New Dethi-110068°. The
present Pre-Grant Representation is being filed through Mr.Vikas Ahuja,
President of the Delhi Network of Positive People. The Opponents represent
and provide support to PLHAs in order to facilitate access to treatment and
addressing issues of discrimination facing PLHAs in Indian society. DNP+
also advocates for policies and laws that aim to expand access to affordable

HIV treatment to save lives and prevent the spread of the virus.

The HIV/AIDS epidemic poses one of the greatest challenges to global public
health today, but even more so for developing countries, including India. 34
million people globally are living with HIV, with over 2 million estimated to
be in India alone. Fresh scientific evidence shows that treatment with
antiretroviral medicines (ARVs) not only saves lives, but is also a form of
prevention, as it reduces the risk of transmission of HIV from one person to
another by 96%. In the developing world, including those living with HIV in
India, access to antiretroviral medicines and, therefore life itself, is only
possible if affordable generic versions of these medicines are not blocked by

low quality patents.

The opponents are particularly interested that the patent offices in India
strictly apply patentability standards while examining patent applications
related to integrase inhibitors. Integrase inhibitors is a class of HIV medicines
that are now used to treat patients who have developed resistant to first and
second line ARV treatment and have very limited treatment options. The first
integrase inhibitor, raltegravir, was approved by the European Drug
Regulatory Authority in 2007. This has triggered a race among multinational

companies to patent different integrase inhibitors. Companies are in-fact
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making a wide use of the so-called ‘Markush claims’ that is, claims that
include a general formulae with multiple options that allow for the protection,
under a single patent, of up to several millions of molecules. The admission of
patents with such claims leads to a rather complex situation when it comes to
pharmaceuticals, because a single patent may potentially limit or block
research and development on and in this case the commercialization of an
extremely large number of integrase inhibitors. The issue of ‘Markush’ claims
is also an important aspect that must be analyzed in detail, so that the granting
of patents with such claims does not become a constraint for research or an

undue restriction to competition.

The Petitioner/Opponent has learnt that the Applicant has a Indian National
Phase Application No. 3865/KOLNP/2007, which is currently pending before
the Patent Office. The said application has been filed in respect of an
invention for several thousands of compounds claimed by the Applicant to
possess HIV integrase inhibitory activity. The said Application, purportedly
includes, a chemical compound, known as Dolutegravir. The present invention
is  titled “POLYCYCLIC CARBAMOYLPYRIDONE DERIVATIVE
HAVING HIV INTEGRASE, INHIBITORY ACTIVITY”.

By way of back ground, it is submitted that the Indian Application is published
with 56 claims. The Specification as mentioned in impugned Indian National
Phase Application 3865/KOLNP/2007 is annexed herewith at Annexure-A.
Initially the impugned application has been filed with 56 claims. A First
Examination Report has been issued by this office on February, 27, 2012. It
appears that the Applicant may have filed a response to the First Examination
Report on 30" August, 2012, through their representatives, Along with the
response, a set of amended claims also appear to have been filed. Since the
Applicants by themselves have amended the claims, the said opposition is
drawn to the Amended set of claims. The amended claims may be summarized

as below:
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Claim 1 is drawn to a Markush Structure which Markush structure
involves several possible thousands of compounds. The various
options of the Markush structure is enumerated in claim 1. Claim 1
also provides for the various phosphonate esters of the Markush of

claim 1.

Claim 2 claims pharmaceutically acceptable salts or solvates of
compounds of claim 1, when there are specific substituents in the
Markush.

Claim 3 claims pharmaceutically acceptable salts or solvates of the
compound of claim 1, when the broken line represents the absence of a
bond.

Claims 4 and 5 claim the pharmaceutically acceptable salts and
solvates thereof, when the Markush as claim 1 has certain specific

substituents.

Claim 6 is again another independent claim, drawn to the compound
whose Markush is named as (I-1-1) and provides for further

substituents.

Claims 7 to 10 are drawn to the pharmaceutically acceptable salts or
solvates when the markush as disclosed in claim 6.has certain specific
substituents. Claim 11 discloses further substitutions of A ring to the
compounds as claimed in claims 1 to 6 Markush (I-1) by 3
heterocycles, being a five membered, six membered and seven
membered ring, each containing two substituents of N and Z. Z is
further defined as either an oxygen atom or NR, wherein several

possible substituents are again defined for R.

Claims 12 to 21 define the compound of claim 11 with further
substituents and their pharmaceutically acceptable salts and solvates

thereof.



Claims 22 and 23 define the compound of claim 6, the compound

being the compound of Markush (I-1-1) with further substituents.

Claim 24 describes Markush (I-11) with the five membered ring of
nitrogen and provides for the various substitutions of the Markush

structure

Claims 25 and 26 lists various compounds by their IUPAC names
along with their pharmacecutically acceptable salts, enatiomers and

diastereoisomers

Claim 27 claims the pharmaceutically acceptable salts of claims 25
and 26.

Claim 28 claims the compounds of claims 1 to 27 as their
pharmaceutical compositions and Claim 39 claims that the

pharmaceutical composition is comprises an anti-HIV agent.

Claim 30 claims a process of preparation of a Markush (I-20a) and

Claim 31 claims a process for (I-20b).

Claim 32, 33 and 34 respectively claim the process for preparation of
the Markush (I-21a), (I-21b) and (I-22a). Claims 35 to 41 respectively
claim the synthesis of Markush of (I-22b), (I-23a), (1-23b), (I-24a), (I-
24b), (1-25), (1-26), (1-27).

Claim 43 pertains to a method of treating HIV infection in a human
comprising administering to a human any anti-viral compound of

claims 1 to0 27.

Claim 44 claims the compounds of the present invention for in

treatment or prophylaxis of HIV.
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¢ (Claim 45 claims the formulas of (I-21a), (I-21b) and (I-22a),(1-22b),
(I-23a), (1-23b), (I-24a), (1-24b), (1-25), (1-26), (I-27) and claim 46
claims these compounds when P' is H along with its pharmaceutically

acceptable salts and solvates thereof

e Claim 47 pertains to a composition of claim 28 with one additional
therapeutic agent which may be a reverse transcriptase inhibitor or

protease inhibitor,

o Claims 48 and 49 is specifically drawn to a compound of examples Y-
3 also known as dolutegravir, provides for its structure and also claims

its pharmaceutically acceptable salts and solvates thereof.
e Claim 50 is also drawn to one specific compound

e Claim 51 claims the product obtained by the process of claims 30 to
42,

The Opponent is not aware as to whether the claims stated hereinabove are the
only amended claims or whether further amendments have been made but not
taken on record. The Opponent craves leave to add new documents or

evidence as may be required in support of such amended claims.

Accordingly, the Opponent submits their opposition by way of representation
under Section 25(1) in respect of the said Indian Application
No.3865/KOLNP/2007(Priority date: 28.04.2005) corresponding international
WO publication number WO 2006/116764 on the following amongst other
grounds listed below, which are without prejudice and in the alternative to

each other.

Before traversing various grounds of the opposition, the Opponent has certain
preliminary remarks in respect of the application. The impugned patent

application at page 1 discloses the technical field and the background art. The
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impugned application discloses that there are several HIV integrase inhibitors
and carbamoyl substituted hydroxypyrimidinone derivatives that are already
well established HIV integrase inhibitors. The specification does not proceed
to describe the structures of the prior art compounds, however, the
specification lists certain prior art publications and states that the problem to
be solved by the invention is “the development of a novel integrase inhibitor
has been desired” [sic]; though however, the impugned application lists and
attempts to cover several possible thousands of compounds. The background
does not describe, at any instance, any specific surprising effect or advantage
of the compound(s) of the present invention. Meaning thereby that the

compounds provided are a mere alternative to those in the prior art.

The impugned specification discloses a set of compounds denoted by the
Markush structure of formula I. This Markush structure contains only one six
membered ring with nitrogen, and an option of another ring is provided, this
ring being indefinite and may be converted into a five membered, six
membered or a seven membered ring. The Principal structure also contains a
side chain attached with the first ring. The second ring is confirmed as a six
membered ring containing two nitrogen atoms, with an option that a further
heterocycle, may be attached to a second ring containing two nitrogen atoms.
This Markush structure is termed as (I-1). A Markush structure (I-11) in which
the second structure is a five membered ring comprising two nitrogens which

may be attached to another heterocycle D. is disclosed.

Then the impugned specification defines certain common scientific terms and
provides a general disclosure for substitution of phosphoric acid or a
phosphonate. Further compounds with various substitutions covered under
Markush (I-1) are disclosed including possible options of the heterocycle ring
- A that may be five membered, six or seven membered ring comprising
nitrogen as one of the hetero atoms and there may be another hetero atom,
which may be oxygen, sulphur, nitrogen. Further examples of the said A ring
is provided. The specification also clearly states that the impugned application
includes compounds with various stereochemistries. The specification further

discloses that compound (I), comprises of compound (I-1) and (I-1-1) and (I-
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8). (I-1) provides for a saturated ring system, (I-1-1) provides for an
unsaturated ring system and (I-8) provides a hydroxyl group at a position ortho

to the nitrogen of the first ring.

The specification also lists compound (I-3) in which the third ring is a five
membered ring and also recites a structure in which the second ring is a five
membered ring. All structures represented here below at Figure 1 for ready

reference.

(-1)

Fig. 1.: Markush structures of the impugned application.

The methods of preparing the compound of the impugned specification are
disclosed, which comprises of 51 steps and 10 processes. Intermediates of the
process (I-P) are shown on page 72 onwards and lists (1-20a), (I-20b), (I-21a),
(I-21b), (I-22a) (1-22b), (I-23a), (1-23b), (I-24a) (1-24b), (1-25), (1I-26), (1-27).

The process for producing the above mentioned intermediates is also listed.

Various examples are listed for the synthesis of certain compounds covered by

of the Markush, namely A-1, C-1 to C-21, F-1 to F-64; H-1 and H-2; I-1 is
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listed and I-2; L-1; M-1; X-1 to X-4; Y-1 to Y-18 and it is stated that these

compounds are synthesized as per examples C-21.

It is also stated that the corresponding amino alcoho! derivatives of Y-1 to Y-
18 are synthesized in optically pure version in certain prior art. The
application also proceeds to lists certain compounds in table ZZ and states that
these compounds are mixtures of diastereomers at the depicted stereocenter in
the ratio of 1:1 to >10:1. Further it is disclosed in the specification that the
compounds of all examples have >95% ee and >6:1 diastereomeric purity

unless indicated otherwise.

Then application provides certain synthetic methods for synthesis of the
compounds of formula 68 to 83 with a general listing of compounds at
examples Z-1 to ZZ-24. The structures of ZZ-1 to ZZ-24 are listed at pages
238 to 241 in a table.

The specification also discloses compounds covered by a Markush structure of
(I-7) with possible substituents, which substituents are listed at table B. The
specification also provides certain experimental example testing the HIV
integrase inhibitory activity in an in vifro assay, namely Example No. C-2, F-2
and H-2. Another experimental example is provides which tests the example
Z-1 to Z-60. The specification also provides in Example 1, Example 1 and 2 a
formulation comprising the compounds of the impugned application. Then the

application ends with certain claims.

By way of background, it is submitted that HIV/AIDS epidemic is one of the
greatest challenges to global public health. Roughly 34 million people
worldwide are living with HIV, majority of them in developing countries
(UNAIDS). As more and more patients develop drug resistance to already
available first or second line HIV medications, the interest of public health are
best served in a framework where rigorous standards of patentability are used
to examine applications relating to integrase inhibitors especially as regards
non-obviousness, novelty and disclosure, so that - India a key supplier of

medicines in the developing world - avoids a proliferation of ‘evergreening’
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pharmaceutical patents that can block generic competition and thereby limit
access to these class of medicines. This impugned patent application too
claims HIV integrase inhibitors, which inhibitors includes Dolutegravir, which

is one such drug.

Dolutegravir, also known as S/GSK1349572 or simply ’572 is an integrase
inhibitor that is said to have HIV inhibitory activity and is said to-block the
strand transfer step of integration of the viral genome into the host cell’s DNA
currently the application for approval is being submitted an processed by the
drug regulatory authorities. The structure of Dolutegravir is disclosed in
example Y-3 and its isomer is disclosed in Example Y-2. These compounds

are specifically claimed and presented here below at Figure-2.

zx

(4s,9ar)-5-hydroxy-4-methyl-6,10-dioxo,3,4,6,9,9a,1 0-hexahydro-2H-1-0xa-4a,8a-diaza-anthracene7-
carboxylic acid 2,4,-diftuoro-benzylamide

0 OH
0 F F
N 7
H
N / N
0
H
0
(4R 9as)-5-hydroxy-4-methyl-6,10-dioxo,3,4,6,9,9a,10-hexahydro-2H-1-0xa-4a,8a-diaza-anthracene7-

carboxylic acid 2,4,-difluoro-benzylamide -

Figure 2: Structure of compounds at example Y-2 and Y-3 of the

impugned application.
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It is submitted that all compounds including Dolutegravir are well known and
well established by that of disclosure in prior art and ought to be rejected. The
impugned application ought to be rejected on any of the following grounds as

below:

GROUND 1

Section 25(1)(b)/(¢): Lack of novelty

The invention as claimed in Claims 1-51 lacks novelty and are not patentable
under Section 25(1)(b)-(c) of the Patents Act, 1970 (as amended in 2005;
hereinafter referred to as “the Act”). It is submitted that none of the claims of
3865/KOLNP/2007are novel and they are all liable to be rejected on this

ground alone.

It is submitted that US 2005/0054645 published on March 10, 2005 by
Miyazaki et. al., anticipates all compounds of the impugned application. This

application is annexed herewith as Annexure — B and referred to as US’645.

The compounds No.180, 196, 213 and 214, 234, 273, 372, 377 and 378, 380,
428, anticipate the compounds covered by Markush structure of the impugned
application. All these compounds are represented at Table 1.



Table 1: Representative compounds of US 2005/0054645

M* Compound Page

180 . i 105
OO O

196 P 108

N &

213 R i T 111

214 . i 111
|oacoevel

234 o on 114
(ogeeéde

273 o om Chy 116
[ogeee

372 . o on . o 125

377 ; P 126
jopeodve

378 i 126
O

380 J I 127

428 i 135

12
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US’645, as described herein above clearly discloses compounds that are
claimed within the Markush structure of the impugned application. The
disclosed compounds may be considered as the species compounds. It is well
understood that a species will anticipate a claim to a genus and that a generic
claim will be considered as anticipated if the prior art discloses a species
falling within the claimed genus. The species in that case will anticipate the
genus. Further, it is submitted that when the species is clearly named, the
species claim is anticipated no matter how many other species compounds are

additionally named/claimed.

It is submitted that the prior art for this impugned application i.e., US’645, as
disclosed herein, teaches a generic formula embracing a certain number of
compounds closely related to each other in structure and the properties
possessed by the compounds and the structural semblance of the compound

are the same as that of the impugned application.

Hence, the compounds disclosed in US’645 anticipate the compounds claimed

by the impugned application.

Thus, all claims stand anticipated by disclosure in prior art and hence this

application, ought to be rejected.

GROUND I

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

The invention so far as claimed in any claim of the complete specification is
obvious and clearly does not involve any inventive step, having regard to the
matter published as mentioned in clause (b) or having regard to what was used

in India before the priority date of the claim.
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It is submitted that the claims of the impugned application are not inventive
and obvious in view of WO003/35076, W003/35077, W02004/58758 and
WO02004/58757.

WO 03/035076 (hereinafter referred to as W0°076 and annexed herewith as
Annexure-C), published on 1 May 2003 by ISTITUTO DI RICERCHE DI
BIOLOGIA MOLECOLARE P. ANGELETTI SPA  discloses
Dihydroxypyrimidine carboxamide inhibitors of HIV integrase. [t is to be
noted that the basic structure of this compound is the same as that of the
impugned specification. The Markush structure of WO’076 as present in the

abstract is reproduced here below at figure 3.
OR?
OH
N R

P H

R1 N ~ R4
Fig.3 Markush structure of WO’076

W0O’076 discloses several compounds represented by a common Markush
structure as in figure 3. The compounds with various substitutions are
disclosed from page 2 to 51. More importantly, WO’076 discloses certain
specific compounds that are embraced by the said Markush structure and
envisaged within the Markush and some of these compounds (species) are set
out presented in various tables in the specification (Table 1-24, 15B, 17B,

21B, 22B, 23B). It may be noted that the compounds exemplified comprises
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the basic moiety N — benzyl-5,6-dihydroxypyrimidine-4-carboxamide (see

figure 4).
HO
OH
NF
N
\
N
O

Fig 4. Structure of N-benzyl-5,6-dihydroxypyrimidine-4-carboxamide

It may be noted that this moiety may be considered as equivalent to one part of
the molecule of that of the impugned patent, including the molecules disclosed

at examples Y-2 and Y-3 also known as Dolutegravir.

On examining a few representative structure of WO’076, (see Table 2), it may
be seen that the basic moiety of Fig. 4 is present in all structures. In addition, it
may be noted that WO’076, also discloses several compounds that comprise a
difluro substitution at the Benzyl ring and six membered heterocyclic rings
comprising both heteroatoms of oxygen and nitrogen. It is to be noted that all
these compounds are HIV integrate inhibitors and hence very important and

relevant.

Table 2: Representative compounds of WO’076
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349 231

OH
N F

From the above Table 2, it is clear that there are several species of compounds
that fall within the scope of the Markush of the impugned application are
disclosed by WO’076. In addition it may be seen that the critical elements of
the structure of example Y-2 and Y-3 are also disclosed by WO’076. WO’076
also discloses that the compound of the present invention may be used for HIV
integrase inhibition and that these compounds may also be administered as a

pharmaceutical composition. (see pages 65 and 66).

WO 03/035077 herein after referred to as WO’077 and annexed herewith as
Annexure-D. WO’077 has been published on 1 May 2003, again by
ISTITUTO DI RICERCHE DI BIOLOGIA MOLECOLARE P. ANGELETTI
SPA. This application has been published on the same date as that of WO’076
and relates to hydroxy pyrimidine compounds. All these compounds are HIV

integrase inhibitors. The basic Markush of WO’077 is represented herebelow.

2 i OH
R
\N l le
R1 /‘.\\N N. R4
0o

Fig 5. Markush of WO’077

(see figure 5).

The compounds with various substitutions and embraced by the Markush

structure of WO’077 are disclosed and the specific embodiments are presented
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both as examples and tables in the specification. On examining all the
examples, it may be seen that all the structures contain the following feature
which are depicted in Figure 6. The structure may be chemically called as N-
benzyl-S-hydroxy-6-0x0-1,6-dihydropyrimidine-4-carb0xarﬂide. (see figure

6).

OH
HN ‘

N

N

ZT

o
Fig.6. Structure of N-benzyl-5-hydroxy-6-oxo-1,6-dihydropyrimidine-4-

carboxamide

From Fig 6. it can be clearly seen that the basic moiety as represented falls

within the scope of the Markush structure of the impugned patent.
Also, on comparing a few representative examples of WO’077, it can be
clearly seen that all aspects of the impugned application and that of example

Y-2 and Y-3 are disclosed by WO’077(See Table 3.)

Table 3: Representative examples of WO’077

M’ Compound Page

453 ] 145
HE OH F
Ni\/'%"\/@/
Q™
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[a] =]
453 oH e 149
£ 150
407 o -
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390.9 o o _ 150
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(\N/\)%N l N\/©/
o
377 152

~on, o
474 CH:TJ“\)?I;: \/©/;= 155
g L

488 - " - 164
5/"""{)1;"‘/@

From Table 3, above, it can be clearly seen that the basic ring and several
compounds, fall within the scope and of the Markush structure of claim 1 of
the impugned application are already known and well established in prior art.
The use of these compounds as an HIV integrase inhibitor has already been

established in prior art.

WO 2004/058756 hereinafter referred to as WQO’756 and annexed herewith as
Annexure-E, published on July 15, 2004 filed also by ISTITUTO DI
RICERCHE DI BIOLOGIA MOLECOLARE P. ANGELETTI SPA discloses
of hydroxy pyrimidine containing compounds for HIV integrase inhibition.
The Markush structure of WO756 is depicted at Figure 7.
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R34 RSB
o)
R32 R16 OH
n N , ‘?3

14
" 12 N N\R4

R R R%° O
Fig.7. Markush of WO’756

As may be seen from the Figure 7, WO’756 discloses hydroxy pyrimidinones
with an addition of another ring attached to the pyrimidine ring. In another
words WO’756 is drawn to TETRAHYDRO-4H-PYRIDO{1,2-
AJPYRIMIDINES. Again the application provides several possible
compounds with various substitutions represented by a common Markush
structure and also exemplifies certain compounds. These compounds are set

out as examples and as specific compounds.

A few representative example compounds disclosed by WO’756 are depicted
in table 4,

Table 4: A few representative compounds of WO 2004/058756

M. Compounds Page
Example 2 2 o . 42
T e
Example 14 0 70
HaN,, o~ A\ OH F
O Y
0] N
0
M+318 9 73
N OH F
N
M+403 T__om . 74
N
(;CNI('.: _Zr
EN j o
M+510 i - 79
| N
PN N o
FO i ]




M+538 - 82

M+567 N on - 83
N\I n
e
s
-
M+417 84

From the above mentioned table 4, it can be clearly seen that WO’756 read
with WO’076 and WO’077 disclose as to how tetra hydro pyrimidines can act
as effective HIV integrase inhibitors.

WO 2004/058757 is hereinafter referred to as “WO’737” and annexed
herewith as Annexure-F. WO’757 is also drawn to TETRAHYDRO-4H-
PYRIDO[1,2-AJPYRIMIDINES and is also filed by ISTITUTO DI
RICERCHE DI BIOLOGIA MOLECOLARE P. ANGELETTI SPA. This
application also discloses HIV integrase inhibitors. The general Markush
structure of WQO’757 is presented at Figure 8.

Figure 8: Markush structure of W0O’757

WO “757 also provides several examples of compounds that fall within the
scope and sweep of the impugned specification. Certain representative

compounds of WO’757 are presented here below at Table 5.
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Table 5. Representative compounds of WO’757

M’ Compounds Page
M+403 T _on - 41
Q’l\),:\/'[(nv@’
C
M+496 (+) i . 43
o R
N°7’\<°N\ °(+) o
M+496 () g : 3
N
O\ AN " °
o/ \Q )

From the above discussion it is clear that the prior art when read together leads
to the compounds claimed by the impugned patent application, examples Y-2
and Y-3 in particular. A person skilled in the art after reading the prior art

would easily arrive at the compound claimed rendering them obvious.

Hence, all aspects of this invention are obvious by disclosure in prior art and

hence on this ground alone this application ought to be rejected.

GROUND IX

IIT) Section 25(1)(a): the Applicant has wrongfully obtained the patent.

V)

It is submitted that the basic research leading to the compounds of the
impugned application has been conducted by certain research institutes. The

Applicant has neither taken the requisite permissions, nor acknowledged the

prior art in this regard.
The Opponent craves leave to submit further evidence in this regard.
GROUND 1V

Section 25(1)(f) : that the subject of any claim is not an invention within

the meaning of this act.



24

IVA) Section 3(d): Subject of Claims 1-51 of the complete specification is not
patentable under this Act
Claims 1-51 are drawn to compounds represented by Markush structure
comprising millions of chemical compounds. It is submitted all these
compounds are derivatives of known compounds. These compounds are
purported to be novel HIV integrase inhibitors. However, the impugned
specification has not at any instance demonstrated the biological activity of all

the said compounds.

The few experimental examples provided in the impugned specification
demonstrate a certain value of HIV integrase inhibition which value is not
compared with any of the prior art compounds or standard compounds. Hence
it is unclear as to whether these compounds posses any notable activity at all.
Moreover, the activity as presented is a mere in vitro test, which may not be

equated to therapeutic efficacy.

Assuming, but not admitting, that these compounds do actually posses HIV
inhibitory activity, it is submitted that such activity is not enhanced activity as
compared to already known prior art compounds. Thereby, all compounds of

this impugned specification ought to be rejected.

It is to be noted that a mere handful of compounds are tested in the
specification. These examples in no manner serve as sufficient examples.

Notwithstanding, it is clear that the compounds should possess enhanced
efficacy if they have to overcome section 3(d) of this Act. Enhanced
therapeutic efficacy has to be proved by comparing the compounds of the
present invention to that of closest compounds in prior art. There are several
compounds in prior art that fall within the scope of the Markush of the
impugned application as claimed in claim 1 and extremely close in structure to
that of the compounds exemplified in the impugned application, however the
specification does not at any instance demonstrate any enhanced efficacy as

compared to that of prior art compounds.



IVB)

IVC)

V)

25

It is submitted that the compound Y-2 and Y-3, have not even been tested and
there is no indication in the specification that these compounds are active.
Hence these compounds and all other compounds that have not been tested at
all have to be rejected out rightly. Hence, Claim 1 and all claims dependent on

Claim 1, ought to be rejected on this ground only.

Section 3(e): Subject of claims 28, 29 and 47 of the complete specification
is not patentable under this Act

Claims 28 and 29 are drawn to a pharmaceutical composition that comprises
of an admixture of the compounds of Claim 1 and its dependent Claims along
with pharmaceutical acceptable excipients. The pharmaceutical composition as
claimed is a mere admixture and not a synergistic mixture and hence these
pharmaceutical compositions are not patentable under Section 3(e) of this Act.
Hence these claims pertain to a mere admixture of trial components which

perform their functions and hence on this ground alone it ought to be rejected.

Section 3(i): Subject of claims 29, 43 and 44 of the complete specification
are not patentable under this Act

Claim29 is drawn to a method of use of the compounds of the present
invention for use in inhibition of HIV integrase and for a method of treatment
to render a subject free from HIV in the garb of a composition. Claims 43 and
44 blatantly, claim the use of the compounds of the impugned application for
treatment and/or prophylaxis. Such claims fall squarely within the scope and
sweep of Section 3(i) of the Patents Act and ought to be rejected on this

ground only.

GROUND V
Section 25(1) (f): Subject of claims 1 to 51 is not an invention within the

meaning of this Act or is not patentable under this Act

It is submitted that since claims 1-51 are not novel, are not inventive and lack

industrial application, they do not constitute an ‘invention’ under the Act. In
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this regard, the Opponent craves leave to refer and rely on submission made in

Grounds -1V above which are not being repeated for the sake of brevity.

Subject of claims are not patentable under section 2(1)(ja) of this act:

The claimed invention falls under the mischief of Section 2(1)(ja) being
devoid of inventive step as according to definition of inventive step, the
invention should have a technical advancement over the prior art and should
not be obvious to a person skilled in the art. The alleged invention as claimed
is not a technical advancement and hence ought to be rejected on this ground

only.

GROUND V1
Section 25(1)(g): The complete specification does not suificiently and
clearly describe the invention or the method by which it is to be

performed

It is submitted that the complete specification of 3865/KOLNP/2007 does not
describe the invention claimed or the method by which it is be performed.
Claims indeterminate

All claims of the impugned application are indeterminate and on this ground
alone ought to be rejected. Further it is submitted that there are several
independent claims in the application, which practice is not allowed in India.
Further it is submitted, that claims do not have antecedent basis and on this
ground alone, ought to be rejected.

Claims inadequate

Claims 1-51 of the application at hand bitterly suffer from lack of adequate

description and are liable to be rejected.

1) The claims of the impugned patent application are drawn to several
millions of compounds, obtainable by using the various possible
substitutions of (I-1), (I-1-1) and (I-11). However, the bulk of the
claims are more broadly directed toward the use of classes of
compounds that include dolutegravir and its analogues compounds for

HIV integrase inhibition. All of these are mere potential compounds
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and only few examples have been tested and certain classes have not
been tested at all. Further, the patent application does not particularly
identify or disclose the specific compound that works and could be

used as a drug.

(ii)  The experimental examples 1 and 2 only demonstrate the activity of
ZZ series and one compound in C, F and H series, the other series such
as the F series and the Y series do not even have one representative
sample that is tested and or demonstrated in the specifications. In
absence of such data it is submitted that the whole series of compounds

ought to be rejected as their utility has not been demonstrated at all.

(iii)  There are millions of compounds that are encompassed by the structure
of the claim Markush. Claim, however, a mere hand-full of compounds
have been synthesized and represented in the application. The claims
have not been enabled across its breath and the best mode of
performing the invention has not been disclosed. These compounds are
not sufficient to cover all possible substitutions of the Markush
structure and thereby the Markush of the principal claim is not
exemplified. Hence, it is not possible for a person skilled in the art to
synthesize the compounds of the impugned patent and ought to be

rejected on this ground.

(iv)  The intermediates and the processes as disclosed in the specification,
does not cover all possible compounds of the impugned specification.
Hence it is not possible to synthesize the compounds of the impugned

invention, based on the disclosure in prior art.

GROUND VI
VII) Section 25(1)(h): The patentee has failed to disclose to the Controller the

information required under Section 8:
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It is submitted that the Applicant-Respondent has failed to disclose the details
of corresponding foreign applications filed and on this ground alone the patent

application should be rejected.

The applicant is required to provide all the information regarding the
prosecution of the equivalent applications till the grant of the Indian
application to the Controller in writing from time to time and also within the
prescribed time. Therefore the applicant has failed to comply with the
requirements of the section 8 of the act and the opponent demands rejection on

this ground also.

PRAYER
In the fact and circumstances of the case the Opponent prays as follows:

i. that Indian Patent Application No. 3865/KOLNP/2007made by
SMITHKLINE BEECHAM CORPORATION, A United States
Corporation , One Franklin Plaza, p.o. box 7929, philadelphia, pa 19101,
united states of america. AND SHIONOGI & CO. LTD., a Japanese
company, 1-8 doshomachi 3-chome, chuo-ku, osaka-shi, osaka 541-0045.
japan., rejected under Section 25(1) of the Patents (Amendment) Act, 2005;

ii.  the Opponent may be allowed to file further grounds and documents as
evidence if necessary to support their averments;

iii.  The Opponent may be granted an opportunity of being heard in the matter
before any final orders are passed.

iv.  the Opponent may be allowed to make further submissions in case the
applicant makes any amendments in claims;

v. any other reliefs considering the facts and circumstances may be granted in

favour of the Opponent in the interest of justice.

Dated this 21* day of February, 2013

Rajeshwari H.
[For RAJESHWARI & ASSOCIATES]
AGENT FOR THE OPPONENT

The Controller of Patents
The Patent Office, Kolkata
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SPECIFICATION 30

Polycyclic Carbamoylpyridone Devivative Having HIV Integrase Inhibitory Activity

[Technical Field]
{oootl

The present ivention relates to novel compounds possessing an antiviral activity,
in detail polycrchie carbamoylpyridane derivatives possessing an inhibitory activaty
against HIV integrase and a pharmaceutical compousition containing the same,
especially an anti-HIV ugent.

[Background Art]
[0002]

Among viruses, human immunodeficiency virus (HIV), a kind of refrovirus, is
lkenown to cause acquired immunodeficiency syndrome (AIDS). The therapeutic agent
for AIDS is mainly sclected from a group of reverse transcriptase inhibitors (e g , AZT,
3TC) and ptotease inhibitors (e.g., Indinavir), but they are proved to be accompanied
by side effeets -such as nephropathy and the emergence of resistint viruses. Thus,
the development of anti-HIV agents having the other mechanisin of action has been
desirved.

On the other hand, a combination therapy is veported to be efficient tn treatment
for AIDS because of the frequent emerge'nce of the resistant mutant. Reverse
transcriptase inhibitors and protease inhibitors are clinically used as an anti-HIV
agent, however agents having the same mechanism of action often exhibit
cross-resistance or only an additwonal activity, Therefore, anti-HIV agents having the
other mechamsm of action ave desired

Under the circumstances above, an HIV integrase inhibitor has been focused on as
an antirHIV agent having a novel mechanismn of action (Ref. Patént Documents | and
2) . As an antrHIV agent having such a2 mechamism of action, known are
carbamoyl-substituted hydroxypyrimidinone derivative (Ref Patent Documents 3 and
4) and carbamoyl-substituted hydroxypyrrolidione derivative (Hef" Patent Document
5) [Curther, a patent application concorning carbamoyl-substituted hydroxypyridone
devivative has been filed (Ref. Patent Document 6, Example 8)

Other known carbamoylpyridone derivatives imclude
5-alkoxypyridine-3-carboxamide derivatives and 1 'pyrone-3 carboxamude denvatives,
which ave a plant growth inhibitor or herbicide (Ref. Patent Documents 7-9).

Other HIV tegrase inhibitors include N-containing condensed cyche eompounds
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(Ref: Patent Document 10},
{Patent Document 1]W003:0166275
[Patent Document 2)JW02004/024693
[Patent Document 3]W003/035076
{[Patent Document 4]W003/035076
[Patent Document 51W02004/004657
[Patent Document 61JI” Patent Application 2003-32772
[Patent Document 7}JP Patent Publication 1990108668
[Patent Document 8)JP Patent Pubhication 1990-108683
[Patent Document 9}JP Patent Publication 1990-96506
[Patent Document l_()]W02005101692’}

[Disclosure of Invention]
[Problem to be Solved by the Invention]

{0003}

The development of a novel integrase inhibitar has been desired.
[Mcans to Solve the Problem])

[o004)”
The present inventors have intensively studied to find that a novel polycyche

carbamoylpyridone derivative possesses a potent HIV integrase inhibitory activity
Bloreuver, the present inventors have discovered that a compound of the present
invention and a pharmaceutical composition containing the same are useful as an
antiviral agent, an antirctroviral agent, an anti-HIV agent, an anti-HTLV'1 (Human
T cell lcukemia virus type 1) agent, an anti-FIV (Feline immunodeficiency virus}
agent or an ant1-SIV (Simian immunodeficiency virus) agent, especially an anti-HIV

agent or anti*AIDS agent, to accomplish the present invention shown below.
(DA compound of the formula:
OH (0]
* \ Zl

2 - [
R /NRT( NG NG /
X 72

o R3 ‘

{wheretn,

Z11s NRY,

Q
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cyclcalkyl, optionally substituted cycloalkyl lower alkyl, optionally substituted lower

Ri1s hydrogen, optionally substituted lower alkyl, optionally substituted

alnenyl, optionally substituted lower alkoxy, optionally substituted aryl, optionatiy
substituted ary! lower alkyl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycle lower alkyl, optionally
substituted heterocycleoxy, hydroxy, optionally substituted amino, optionally
substituted phospharic acid residue, aryl substituted with optionally substituted
phosp horic acid residue, aralkyl substituted with optionally substituted phosphonic
acid restdue, hydroxy substitutad with optionally substituted phosphoric acid residuc,
amino substituted with optionally substituted phosphor‘ic acid residue or lower alkyl

substituted with optionally substituted phosphoric acid residue {the lower alkyl may

.be intervened by a heteroatom group selected from CO0, 0, 8, 50. SOz, NR+ (R is

hydrogen or lower alkyl), -N= and =N-)), O or CHz:

Zis optionall_.v substituted lower nlky‘lene or optionatly substituted lower
alkenylene, cach may be intervened by a heteroatom group selected from 0, S, 50,
502 NR> (R is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted cycloalkyl lower alkyl, optionally substituted: lower
alkenyl, optionally substituted lower alkoxy, optionally substituted aryl, optionally
substituted aryl lower alkyl, optionally substituted arvloxy, optionally substituted

heterocyclic group, optionally substituted heterocycle lower alkyl, optionally

substituted heterocycleoxy, hydioxy or optionally substituted amino, optionally

substituted phosphoric acid residue, a1yl substituted with optionally substituted
phosphoric acid residue, aralkyl substituted with optionally substituted phosphoric
zic1d residue, hydroxy substituted with optionally substituted phosphoric acid residue,
amino substitl'u.ed with ovphonally substituted phosphoric acid residue or lower alkyl
substituted with optionally substituted phosphoric acid residue {the lower alkyl may
be intervened by a hetercatom group selected from CO, O, S, SO, SO: NR3(Rs1s
selected independently from the same substituent group as R1), -N= and =N-)), -N=or
=N-

R'ig hydrogen or lower alkyl

X is a single bond, a heteroatom group selected from O, S, SO, SO:and NH, or
Inwer alkylene or lower alkenylene each may be intervened by the heteroatom:

R?1s optionally substituted .ar_\'l-'

R?is hydvogen, halogen, hydroxy, optionaily substituted lower alkyl, optionally

suhstituted eycloalkyl, aptionally substituted lower altkenyl, optionally substituted
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fower allkoxy, optionally substituted lower alkenyloxy. optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally

suustituted hetevocycleoxy ov optionally substituted aminos

R+ and Z?part taken together forms a ring, where the compound (I) is rcpresented

by the follotving formula (I-1}, or (I-11):

(\vhex'éin.

A ring is optionally substituted heterocycle;

R and R are independently hydvogen, option:jlly substituted lower alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower atkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally sxibstituted aryl
lower alAkyl, optionally substituted sryloxy, optionally substituted hetevoeyehic group,
optionally substituted heterocycle lower alkyl, optionally substituted heterocycleoxy,
optionally substituted phosphotie acid residue, aryl substitutcd with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with optionally substituted phosphoric
acid residue, amino substituted wilh optionally substituted phosphovic acid residue or
lower alkyl substituted with optionally substituted phosphoric acud residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, 50, S0» NR% (R?1s
selected independently from the same substituent group as RY), -N= and =N-), hydroxy,
optionally substituted aminoe, optionally substituted lower alkyl carbonyl, optionally
substituted cycioalkylcarbonyl. optionally substituted cycloalkyl lower alkyl carhnnyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylearbonyl,
optionally sub_stxtuted aryl lower alkyl carbonyl, optionally substituted
aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl ot

optionally suhstituted aminocarbonyl:
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a broken hine vepresents the presence or absence of a bond, provided that when the
broken hne rebrescnts the prescnce of a bond, RXis not present;
R 15 hydrogen or lower alkyl:
X is a single bond, a heteroatom group selected from O, S, SO, SOsand NIi, or
lower alkylene or lowcer alkenylene cach may be intervened by the heteroatom group:

R?1s optionally substituted aryl;

R4 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, aptionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower atkenyloxy, optionally substituted aryl,
optionally subsntuted aryloxy, optionally substituted heterocyclic group, optionally

substituted heterocycleoxy or optionally substituted amino)

OH 0

O ™ N
R2 NR? .N b (1-11)
TNy \’(\

0 R’

{wherein,

D ring is optionally substituted heterocycle:

R11s hydrogen or lower allyl:

X is a single bond, a heteroatom group sclected from O, S, SO, SO:and NI, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group.

R* is optionally substituted aryl,

R31s hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyelic group, optionally

substituted heterocycleoxy or optionally substituted amino)), its pharmaceutically

acceptable salt, or solvate thereof.

(2} A compound according to the above (1), pharmaceutically acceptable salt, or

solvate thereof, wherein R! is hydrogen. -

(3) A compound according to the above (1), pharmaccuticaily acceptable sait, or



2t

35

solvate thereof, wherein X 1s lower alkylene; R?1s phenyl or phenyl substituted with

at least halogen

(4) A compound according to the above (1), pharmaceutically acceptable salt, or
solvate thereof, wherein R4is hydrogen, halogen, hydroxy, lower alkyl, lower alkenyl,

lower alkoxy, lower alkenylaxy or optionally substituted amino

{5) A compound uccording to the above (1), pharmaceutically acceptable salt, or

solvate theveof, wherein R? is hydragen.

{6) A compound according to the above {1), pharmaceutically acceptable salt, or
solvate thercof, whercin R! is hydrogen or lower alkyl, X is lower alkylenc: R2is-
phenyl or phenyl substituted with at least halogen: R4 is hydrogen, halogen, hydioxy,

lower alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionalily substituted

amino

(7} A compound of the formula”

O
A? NR! 1-1)
~x~ (
VA
O HS R14 R!
(wherein,

A ring is optionally substituted heterocycle.

Rt and R¥ are independently hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lower alkeny!, optionally substituted lower alkoxy, optionaliy
substituted lower alkenyloxy, optionally substituted aryl, optionally substituted aryl
lower atkyl, optionally substituted aryloxy, optionally substituted heterocyclic group.
optionally substituted heterocyele lower alkyl, optionally substituted hetevocycleoxy,
optionally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with optienally substituted phosphoric

acid residue, amino substituted with optionally substituted phosphoric acid residue or
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lower alkyl substituted with optwonally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, SO, SO: NR3 (R51s
selected independently from the same substituent group as RY, -N=and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl carbonyl, optionaily
substituted cycloalkylearbonyl, optionally substituted cycloalkyl lower alkyl carbonyi,
optionally substituted lower alkoxy carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alky! carhanyl, optionally substituted
aryloxycarbonyl, optionally substituted hetevocyclecarhonyl, optionally subststuced
heterocycle lowar alkyl carbonyl, optionally subsmutgd heteracycleoxy carbenyl or
optionally substituted aminocarbonyl;

a broken linc represents the presence or absence of a bond, provided that when tht:.'
broken line represents the prescence of a bond, R is not present;”

Rt is hydrogen or lower alkyl:

X is a single bond, a heteroatom group sclected fram O, S, .SO, SOsand NH, ot
lower atkylcene or lowe: alkenylene each may be intervened by the heteroatamn group:

21s optionally substituted argl:

R4 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, opuionally
substitutad cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionzﬂly substituted lower alkenyloxy, optionally substituted avyl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino), it's pharmaceutically

acceptable salt, or solvate thereof

(8) A compound according to the above (7), pharmaceutically acceptable salt, or
solvate thereof, wherein R! 1s hydrogen or lower alkyli X 1s lower alkylene: R?1s
phenyl or phenyl substituted with at least halogen. R4 is hydrogen, halogen, hydroxy,

lower alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted

amino.

(9) A compound according to the above (7), pharmaccutically acceptable salt, or

solvate thercof, svherein a broken hne represents the absence of a bond.

(10) A compound according to the ahove (7), pharmaceutically acceptable salt, or

solvate thereof, wherein RM1s hydrogen: R'Y is hydrogen or optionally substituted

lower alkyl.
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(11) A compound according to the above (7), pharmaceutically acceptable salt, or
solvate thereol, wherein A ring is an optionally substituted and optionally condensed

5° to 7- membered heterocyele containing 1 to 2 hetero atom(s).

(12) A compound of the formula

OH 0
Q )’}\
= \\[
A T
UL G NG N (1-1-1)
ls) HJ RM Rx
{wherein,

A ring 1s an optionally substituted and ;xptlona]l)' condensed 5- to 7- membered
heterocycle concammé 1 to 2 hctero atomis): )

the stereochiemislry of an asymmetric carboa represented by * shows R- or S-
configuration, or a mixture thereot,

R and RX are independently hydrogen, eptionally substituted lower alleyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower atkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lawer alkenyloxy, optionally substituted aryl, optionally substituted aryl
lower alkyl, optionally substituted aryloxy, optionally substituted heterocyclic group,
optionally substituted hetevocycle lower alkyl, optionally substituted heterocycleoxy,
optionally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted \\"lth opttonally substituted phosphoric
acid residue, amino substituted sith optionally substituted phosphoric acid residue or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, 80, SO: NR5 (R5 15
selected independently from the same substituent group as R4), -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl carbonyl, optionally
substituted cycloalkylcarbonyl, eptionally substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyli, optionally substituted arylecarbonyl,

optionally substituted avyl lower alkyl earbonyl, optionally substituted
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aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
hetevocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optwnally substituted aminocarbanyl,

R%is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloatkyl, optianally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, aptionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyche group, optionally
substituted heterocycleoxy or eptionally substituted amino), 1its pharmaceutically
acceptable salt, ov

Rl is hydrogen or lower alkyl:

R is independently selected from halogen and Substituent group S1;

Substituent group S1( optionally substituted phosphoric acid residue, aryl
substituted with optxunali)' substituted phosphoric acid residue, aralkyl substituted
with optionally substituted phosphoric acid residue, hydroxy substituted with
« optionally substituted phosphoric acid residue, amino S\lbstltl:lled with optionally
substituted phosphoric acid residue, or lower alky!l substituted with optionally
substituted phosphoric acid residue (wherein the lower alky! may be intervened with
a heteroatom group(s) selected from CO, O, O, S, SO, SO2, NR= (R« 1s hydrogen or
lawer alkyl), -N= and =N-}, lower alkoxy lower aikyl, amino lower alky! optionally
substituted with mono- or dt- lower alkyl, halogenated lower alkyl, lower alkoxy,
carbamoy! optionally substituted with mono- or di- lower alkyl, optionally substituted

lower alkyl sulfonyl amino, halogenated lower alkoxy, hydroxy lower alkyl)
m is an integer of O to 3, its pharmaceutically acceptable salt, or solvate thereof.

(13). Acompound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein R¥ and R atc independently hydrogen or optionally

substituted lower

{14) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein R¥and Rt are hydrogens

(15) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein 4 is hydrogen
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(16) A compound according to the above (12), pharmaceutically acceptable salt, or

sotvate thereof, wheremm m is 0, or 1 to 3 and ut least one of R 15 halogen.

(17} A compound according to the above (7) or (12}, pharmaceutically acceptable sale,

or solvate thersof, wherein A ring 1s any one of the following:

20 R 33

27
RZI R / RJ{
[ R2e Z 35
. 29 36
)\ )\ / n /k A
. <o -~z RY . RY
LL"-. Z stR 71‘- i&‘ z 2
H39 R
Z=00r NR*™ Z=0orNRY Z =0 or NRY
(A-1) a7 A-3)

(wherein, 1™ to Ri? are each indepandently a group selected from Substituent group
S2, or any two groups of R te R, which bon‘ds to the same carbon atoin, Laken
together with the carbon atom, may form an optionally substituted carbacyle or
optionally substituted heterocycle, or each combination of (R0 and R22), (R*4and R,
{R25 and R%), (R?7 and R?9), (R} and R31), (R¥2and R, (R35 and R, (R37and R,
and (R™MandR+4), taken together with the neighboring atom, may form an optionally

substituted carbocyle or optionally substituted heterocyele

Suhstituent group S2: hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionaliy substituled cycloalky! lower alkyl, optionally
substituted lower alkenyl, optionally substituted lower alkoxy. optionally substituted
lower alkenyloxy, optionally substituted aryl, optionally substituted avyl lower alkyl,
optionally substituted aryloxy, optionally substituted heterocyele, aptionally
substituted hetevocycle lower alkyl, optionally substituted heteracycleoxy, hydroxy,
optionally substituted amino, optionally substituted lower alkylcarbonyl, optionally
substituted cycloalkylcarbonyl, optionally substituted cycloalkyl lower alkylcarbonyl,
optionally substituted lower alkoxycarbonyl, optionally substituted avylcarboayl,
optlionally substituted aryl lower alkylcarbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substtuted

heterocycle lower alkylearbonyl, optionally substituted heteroeycleoxycarbonyl,

10
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aptionally substituted aminocarbonyl, optionally substituted phosphornic acid residue,
aryl substituted with optionally substituted phosphoric acid residue, avalkyl
substituted with optionally substituted phosphoric acid residue, hydroxy substituted
with optionally substituted phosphoric acid residue, amino substituted with
optionally substituted phosphoric acid residue, or Iow;ar alkyl substituted with
optionally substituted phosphoric acid residue {the lower alkyl may be intervened
with a heteroatom group(s) selected from CO, 0, S, SO, SO., NR3 (RS 1s1ndependently

selected from the same Substituent group as R, -N= and =N}

the stereochemistry of an asymmetric carbon represented by * shows R-.or $-

configuration, or a mixture thereof

(18) A compound according to the above (17), pharmaceutically aceeptable aalt, or
solvate thereof, wherein R2¢ to R ave cach independently hydrogen or substituted
lower alkyl, ar any two groups of 120 to R°, which bonds to the same carbon atom, - .
taken together with the carbo.n atom, may form an opnon‘ally substituted 3- Lo 7-
memberved carbocyle or optionally substituted 3- to 7- membered heterocyele, or each
combination of (R¥0 and R22), (R2 and R#4), (R% and R*6), (R*" and R*), (R and R31),
(R3zand R, (R45 and R3v), (R and R93), and (R3%andR ), taken together with the

neighboring atom, may form an optionally substituted 5- to 7- membered carbocyle or )

optionally substituted 5- to 7- membered heterocycle

(19) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-1); one of R®0to R* is

optionally substituted lower alkyl and the others ave hydrogens.

(20) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is u ring represented by (A-1): one of (R® and R22), (R¥
and R, and (R2%and R*6), taken together with the neighboring atom, may form an
optionally substituted 5- to 7- membered carbocyle or optionally substituted 5- to 7-

membered heterocyele.
{21) A compound according to the above (17), pharmaceutically acceptable sait, or

solvate thercof, wherein A ring is a2 1ing represented by {A-1). Z=NR?%, and R¢5and Rv

taken together with the ncighbaring atom may form an optionally substituted & to 7-

11
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membered heterocycle

(22) A compcund according to the above (17), pharmaccutically acceptable salt, ot
solvate thereof, wherein A ring is a ring represented by (A-2); one of R*7to R39is

optionally substituted lower alkyl and the others are hydrogens.

(23} A compound according to the above (17}, pharmaceutically acceptable salt, or
solvate thereaf, whercin A ring is a ring represented by (A-2): one of (R¥"and R29) and
(R¥and "), taken together with the neighboring atom, may form an optionally

substituted 5- to 7- membered carbocyle ov optionally substituted 5- to 7- membared

heterocycle

(24) . A compound according to the above (17), pharmaceutically acceptable salt, or
solvate theroof, wherein A ring 15 a ning represented by (A-2); Z=NR31, and K% and Rt

taken together with the neighboring-atom may form an optienally substituted 5- to 7-

membered heterocycle

(25) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thercof, wherein A ring 15 a ring represented by (A-3), one of R92 to R42is

optionally substituted lower alkyl and the others are hydrogens

(26) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereaf, wherein A ring is a ving represented by (A-3)i one of

(Razand R4) (R+3and R%), (R andR¥),and (R49andR49), taken together with the
neighboring atom, may form an optionally substituted 5- to 7 membered carbocyle or

optionally substituled 5- to 7- membered heterocycle.

(27) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring 15 a ring represented by (A-3); Z=NR*, and R and Rw

taken together with the necighboring atom may form an optionally substituted 5- to 7-

membered heterocycle

(28) A compound according to the above (12), pharmaceutically acceptable salt, or
solvate thereof, wherein RMis hydrogen: R is hydrogen or optionally substituted

lower: R¥1s hydrogen; m 1s | to 3 and at least one of Rs s halogen: A ring is a ring

12



described in Claim 17 M 2

(29) A compound according to the above (12), pharmaceuticilly acceptahle salt, or
solvate thereof, wherein R¥ i{s hydrogen: R!t is hydrogen; R? 1s hydrogen: m 1s 0, or 1
to 3 and at least one Aof Rs is halogen: A ring is a ring described in Claim 17, R20 to R0
are each independently hydrogen or substituted lower alkyl, or any two groups of R20
to R19, which bonds to the same carbon atom, taken together with the carbon atom,
may form an optionally substituted 3- to 7- membered éarbocyle or optionally
substituted 3- to 7- membered heterocycle, or each cambination of (R2? and R2?), (R#
and R29), (R* and R29), (R¥ and R, (R and R, (R9?and RM), (36 and RY), (R
and R#), and (R1%9andR"), taken together with the neighboring (;arbon atom, may .
form an optionally substituted 5- to 7- membered carbocyle or optionally substituted -

5+ 1o 7- membered heterocycle.
(30) A compound of the formula:
OH O

PORD
R:_ _NR! . N (1-11)
X ]/

&) R?

{wherein,

D ting is optionally substituted heterocycle;

Rt1s hydrogen or lower atkyl;

X is a single bond, a heteroatom group selected from O, 5, SO, S0zand NH, or
lower alkylenc or fower alken_ylene each may be intervened by the heteroatom group:

R? 1s optionally substituted aryl.

R?* is hydiogen, halogen, hydroxy, aptionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally suhstituted lower alkenyloxy, aptionally substituted aryl,
optionally substlituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or aptionally substituted amina), pharmaceut@lly

acceptable sait, or solvate thereof

13
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(3, 11a8) N [(2,4-Diflucrophenyl) methyll-6-hydroxy-3-methyl-5,7-d1ox0-2,3,5,7,11,11a

a1 A compound selected fiom the group consisting of.
-hexahydroll,3loxazolo{3,2-alpyrido(1,2- dlpyrazine-8-carboxamide;

(4221325 V{(2,4 Drftuorophenylmethyl}- 10-hydroxy-9,11-diox0-2,3,4a,5,9,11,13,13a

-octahydro 1 H-pyridol1,2 alpyrrololl',2':3,4limidazol1,2-dlpyvazine-8-carboxamide;

(325,130.9)- M[(2,4-DifluorophenyDmethyl]-8-hydroxy-7,9 dioxo-1,2,3,3a,4,5,7,9,13,13a

-decahydropyridal1',2':4,5]pyrazinal1,2- alpyrrolel1,2-clpyrimidine- 10-carboxamide;

(428, 13a/)- N [(2,4-Diflueropheny) methyl])-10-hydroxy-9,11-ti0x0-2,3,4a,5,9,11,13,13a

-octahydro-1 H-pyridol1,2-alpyrrolo[1',2':3,4limidazol1,2-dlpyrazine-8-carboxamide;

(425132 R)- A~{{4-Fluovophenylmethyil- 10-hydroxy-9.11-dioxo-2,3.42,5,9,11,13,13a-act

ahydro- 1 M-pyridoll,2-alpyrrolol1,2:3,41imidazol1,2-dlpyrazine-8-carboxamide;

(35, 11a A - V12, 4-Difluovopheny D methyll-6-hydroxy 5.7 -dioxo-3-(phenylmethyl)-2,3,5,

7,11,11a-hexahydroll,3loxazolel3,2- alpyridol(,2-dlpyrazine-8-carboxamide:

(32.5,132.9)- l\"[(:l'FIuorophenyl)mcth}'l|'8’h)'<i roxy-7.9-dioxo-1,2,3,32,4,5,7,9,13,13a-de

cahvdropyrido{1',2':4,5)pyrazino[l,2-alpyrrololl,2-ddpyrimidine- 10-carboxamide;



Ly

(35 11a - A[{2,4-Diftuciophenylimethyl]-6-hydroxy-3-[(15)-1-methylpropyll-5,7-dioxo

“%,.,5,7,11,11a-hexahydroll,3loxazolo(3,2- alpyride[l,2-dlpyrazine-8-carboxamitde.

(35, 11a)-N(2,4-DifluorophenyImethyll-6-hydroxy-3-methyl-5,7-diox0-2,3,5,7,11,1 ta

-hexahydro[1,3]oxazolo[d,2-alpyrido[1,2- dlpyrazine-8-carboxamide.

{35 11a /2 N-[(4-Fluorophensdmecthy!l-6-hydroxy-3-methyl '5.7~d1m.(o~2,3-,5,7, 11,1la"he

xahydrol1,3joxazole[3,2 alpyridell,2- dipyrazine-8-carboxamide;

(35, 11a./-NM{(2,4-Difluorophenylmethyl]-3-(1, I -dimethylethyl)-6-hydroxy-5,7-dioxo-2

,3.5,7. 11, 11ahexahydrol1,3loxazolo[3,2- alpyridol1,2-dlpyrazine-8-carhoxamide;

(3.5 11a/)-3-(1,1-Dimethylethyl)- M [{4-fluorophenylmethyll-6-hydroxy-5,7-dioxo-2,3,5,

7,11,11a-hexahydrol1,3Joxazolo[3,2- alpyridol1,2-d)pyrazine-8-carboxamide;

(35, 11a - A[(2,4- DifluorophenyDmethyl]-6-hydroxy-5,7 dioxo-3-phenyl-2,3,5,7, 11, 1 1a

-hexahydroll,3loxazolo(3,2- #lpyridol1,2- dlpyrazine-8-carboxamide:

(35,110 B)-N[(2,1-Difluorophenyl)methyl]-6-hydroxy-3-(hydroxymethyl}-5,7-dioxo-2,3,

5,7,11,11a-hexahydroll,3]oxazola(3,2-alpyrido{1,2 alpy razine-8-carboxamide:

(25,31 M[(2,4-Diflucropheny)methyl]-6-hydroxy-3-methyl-5,7-dioxo-2-phenyl 2,3,5,7

,11,11a-hexahydreolt,3loxazelo[3.2-alpyridol1,2 dlpyrazine-8-carhoxamide;



hs

3.411a8)- AV 1(2,4-DifluorophenyD methyl]-6-hydroxy-5,7-d1oxo-3-{phenylmethyl)-2,3,5,

7.11,11a-hexahydra[l,3Joxazole[3,2- alpyrido(1,2-dlpyrazine-8-carboxamide:

(32,1129 A-[(2,4-Difluorophenylimethyll-6-hydroxy-3-(2-methylpropyl) 5,7-dioxo-2,3,

5,7,11,11a-hexahydrol1,3}loxazolol3,2-alpyridol1,2- dlpyrazine-8-carboxamide,

(52 142D V(2,4 Diflucrophenylmethyll-11-hydroxy-10,12-dioxo-1,2,3,4,5a,6,10,12,

14,11a-decahydropyridof1,2-alpyrido(1',2":3,4limidazo(1,2-dlpyrazine-9-carboxamide;

(25,38 M{(2.4-DifluorophenyDmethyll-6-hydroxy-3-[(methyloxy)methyll-5,7-doxo-2p

heny!-2,3,5,7,11,11a-hexahiydrol1,3loxazolol3,2- alpyridel1,2-dlpyrazine-8-carboxamide

(35, 11a)-3 (Cyclohexylmethyll- A [(2,4-diflucrophenyl)methyl]-6-hydroxy-5,7-dioxo- 2,

3,5,7.11,11a-hexahydrol1,3Joxazolol3,2- alpyridol1,2- dlpy razine -§-carboxamude,

(35,1128 N-{(2,4-Difluorophenyllmethyl]-6-hydroxy-3-(1 methylethyl)-5,7-dioxo £,3,5,

7.11,11ahexahydrol1,3]oxarolo[3,2-alpyridol1,2- dipyrazine-8-carhoxamide:

(50 R.1418)- A*[(2,4-Difluorophenyl)methyl]- 12-hydroxy-11,14-dioxo 5a,6a,7,11,13,14a"

hexahydro-5H1ndenol1’,2::4,51(1,3)oxazolo{3,2-alpyrido(1,2-dIpyrazine-16-carboxamid

e
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(253 R 1129 N([(2,4-Difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3-diphenyl 2,3,5,7,

11,112 hexahydro{1,3]Joxazoloe{3,2-alpyrido{1,2-alpyrazine-8-carboxamide,

(28381102 N[(2,4-d1flvoropheny)methyl} G-hydroxy-5.7-dioxo-2,3-diphenyl-2,3,5.7,

1t,11a-hexahydrol1,3loxazolol3,2-alpyride{l,2-dlpyrazine-8-carboxamide;

(32,1129 A*[(2,4-Difluorophenymethyll-G-hydroxy-3-(1-methylethyl-5,7-d10x02,3,5,

7.11,11a-hexahydroll,3loxazolo[3,2- alpyrido(1,2-dlpyrazine-8-carboxamide;

(35,1120 A*[(2,4-Difluorcphenyl) methyl]-6-hydroxy-3-(2-(methyithiolethyll-5,7-dwxo-

2.,3,5,7,11,11a-hexahydrol1,3]oxazolo(3,2- alpirido{ 1,2  dlpyrazine-8-carbaxannde;

(35,11aR)- A[(2,4-DiftuorophengDimethyl]-6-hydroxy -3-[2-(methylsulfonyDethyl}-5,7 d

0x0-2,3,5,7,11,11a-hexahydro{1,3Joxazolo{3,2-alpyridol1,2-dlpyrazine-8-carboxamide,

(A8 11a /- N2,4-Difluoropheny) methyll-6-hydroxy-3-(1 Findol- 3-ylmethyl)-5,.7-dovo

-2.3,5,7,11, 11a-hexahydroll,3Joxazolo[3,2- alpyridol1,2- dlpyrazine-8-carboxamide;

(4R, 12a - N-[{a- flucraphenyDmethyl]-7-hydroxy-4-methyl- 1-(2-methylpropyl) ,8-diux

0-1,2,3,4,6,8,12,12a-octahydropyridol{1',2':4,5]pyrazinol1,2-alpyrimidina-9 carboxamid

e;

Yé
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(448,12a {- N-[{4-FluorophenyDmethyll-7-hydroxy-4-mcthyi 111 methylethyl1-6,8 diox

¢-1,2,3,4,6,8,12, [2a-actahydropyrido{1,2".4,5]pyrazinol1,2-alpyrinudine 9-carboxamid

(15,12a.9- A-{(2,4-Diflucrophenylmethyl}-7-hydroxy-1-methyl-1-(2-methylpropy1)-6.8-
dioxu-1,2,3,4,6,8,12,12a-octahydropyrido[1,2":4,5]pyrazino{l,2- alpyrimidine-9-carboxa

mide;

(15,1229 1-(Cyclopropylmethyl}-.V-{(2,4-difluorophenyllmethyl}-7-hydroxy-{-methyl-G
,8-dinxo-1,2,3.4,6,8,12,12a oclahydropyridel1,2'4,51pyrazinol1,2-alpyrimidine-9-carho

xamide;

(45 12a5) A“[(2,4-Difluorophenylmethyl]-1-(2-furanylmethy)-7-hydroxy-4-methyl-6,5

-diaxo-1,2,3,1,6,8,12,12a-octahydropyridol1',2':4,5]pyrazinol1,2 alpyrimidine 9-carbox

anude,

(45,1229 M{(2.4-DifluorophenyDmethyl)-7-hydroxy 4-methyl-6,8-dioxe 1-11,3 thiazol-
2-ylmethyD)-1,2,3,4,6,8,12,12a-octahydropyrido{1',2':4,5)pyrazinol 1,2 alpyrinidine-9-c

arboxamide,

(4af,6a R 14aS)- V-1(2,4-Difluorophenyl)methyl]-12-hydroxy-11,13-d1oxe-1,3,4,4a,5,8a,

7.11,13,14a-decahydro-2 & pyridol 1',2':4,5]pyrazinal1,2-al[3, 1]benzuxamne-10-carbuxa

mide;

18



(da #,65 R,1428)- V-[{(4-FluorophenyDmethytl- 12-hydroxy 11,13-dioxo"1,3,4,4a,5.6a.7, 11

,13,14a-decahydro-2 A-pyrido{1',2":4,5]pyrazino{1,2-2}{3, 1]benzoxazine- 10-carboxamide

(3.5, daR,6aR,14a.8) A ((2,4-Difluoropheny)methyll-12-hydroxy-11,13-dioxa-3-phenyl-1
.3,4,4a,5,6a,7,11,13,14a-decahydro-2 H-pyridol1',2':4,5]pyrazino(l,2-al3, 1 Ibenzoxazine

"-10-carboxamide;

(4a8,6285,14a8)-N-[(2,4-Difluorophenyl)methyll-12-hydroxy-6-(2-methylpropyl)- 11,13-d
ioxo-1,2,3,4,4a,5,6,6a,7,11,13, l‘ta-dodecahydropy;ido[ 1',2"4,5ipyrazinol 17,2-a]quinazoli

ne-10-carboxamide,

- {6aR,7a8,11a8)-N-[(2.4-Difluorophenyl)methyl}l-1-hydroxy-2,13-dioxo"2,6a,7,72.8,9, 10,

11,11a,13-decahydro-6H pyrida{1’,2'-4,5]pyrazino(1,2-albenzimidazole-3-carboxamide,

(6aS,7a5,11aSi-N-[(2,4-Difluoraphenylimethyll- 1 hydroxy 2,13-diox0-2,6a,7,7a,8,9, 10,

11,11a,13-decahydre-6H-pyrido[1',2:4,5]pyrazine[1,2-albenzimidazole-3-cavboxamide;

(5aS,14a3)-N-[(2,4-Difluorophenyl)methyl}-11-hydroxy-10,12-dioxo-1,2,3,4,52,6,10,12,

14,14a-decahydropyridol1,2-alpyridof1,2'.3,4limidazol1,2-dlpyrazine-9-carboxamide;

(4aR, 14aR)-N-{(2,4-Difluorophenylimethyil-9-hydrexy-8,10-dioxo-2,3,4,4a,5,6,8,10, 11,
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14a-decahydro- L1H pyrido[1,2-clpyrido[1’,2":1,5]pyrazino(1,2-alpyrimidine-11-carboxam

ide,

(4R 12a /0 N[(2,4-Diflucrophenyl)methyl]-7-hydroxy-4-methyl-1-{(3-methylbuty}-6,8-d
i0x0°1,2,3,4,6,8,12,12a-0ctahydropyridoi1°,2':4,5]pyrazino{1.2 alpyrimidine-9-carboxa

mide;

(4.3, 12a5)- A1(2,4-Difluorophenylimethyl] “7-hydroxy-4-methyl- {-(1-methylethyl)-6,8-d:
ox0-1,2,3,1,6,8,12,12a-octahydropyridol 1, 2':4,5]pyrazinel1,2- alpyrimudine-9-carboxam

ide;

(45,1229 M1(2,4- D1fluorophenylimethyl]-7-hydroxy-4-methyl-1-(3-methylbutyl)-6,8-d

ioxo* 1,2,3.4.6,8, 12,12a octahydropyridol1',2"4,5lpyrazine(l 2-alpyrinmidine-9-earboxa

mide;

(45122 8- A*1(2,4-DifluarophenyDimmethyl]-7-hydroxy-4-methyl-6,8 dioxo-1-{3-pyridiny!
methyl)-1,2,3,4,6,8,12,12a-octahydropyridol U,2:4,5]pyrazino[1,2-alpyrimidine-9-carbo

xamide;

(45,12a.85)- 1-Cyclopropyl- A*1(2,4-d1fluorop heny)methyll-7-hydroxy -4-methy1-6,8 dioxo-

1,2,5,4,6.8.12,12a-octahydropyrido{1’,2':4,6]pyrazinol1,2-alpyrimidine-9-carboxamude;

(451208 V(2. 4-DifluoropbenyDmethyll-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyll-



5o

6.8-d1ox0°1,2,3,4,6,8,12,12a-octahydropyrido{ 1',2':4,5]pyrazinol 1,2-alpyrimidine-9-carb

oxamide,

(3a8,58S,13a8)-N-[(2,4-Difiucrophenyl)methyll-11 hydroxy-5-(2-methylpropy)-10,12-d
iox0-2,3.3a,4,5,5a,6,10,12,13a decahydro-1 H-uyclc;punta [elpyindol1°,2':4,5]pyrazinaf1,2

-a)pyrimidine-9-carboxamide:

@R llaS)'N‘[(2,4-Diﬂnorophenyl)methylI'3'cthyl‘S'};ydroxy-ﬁ,’i-dloxo-2.3,5.7, 11,11a"h

exahydroll,3loxazolol3,2- alpyridel1,2-dlpyrazine-S-carboxamide..

(4aS,6a5,14a8)-N-[(2.4-DiftuorophenyVmethy1)- 12-hydroxy -6-{2-(4-morpholiny Dethyll:
11,13-dioxo-1,2,3,4,42,5.6.6a,7, 11,13, 14a-dodecahydropyridol1'.2* 4,5]pyrazine(1,2-alq

uinazoline-10-carboxamide,

(3aR,5aR.12aS8)-N-[(2,4-Difluorephenylmethyl] 11-hydioxy-10,12-dwx0 1,2,3,3a,4,5a,
6,10,12, 13a-decahydrocyclopentaldlpyridol1',2::4,5lpyrazinol2, 1-b][1,3loxazine 9-carbo

xamide.

(4a8,6aS, 14a8)-N-[(2,4-Difluorophenyld methyll- 12 hydroxy 6-methyl 11,13 dioxo-1,2,3

,1,4a,5,6,64.,7,11,13, 14a-dodecahydiopyridol 1.2.4,5lpyrazinel 1,2-2]quinazoline-10-car

boxamide:

(425,645, 14a9)-N-[{2,4-Difluorophenylmethyll- 12-hydroxy-6-(2-(methyloxylethyli-11,

2]
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13-diox0-1,2,3,4,1a,5,6,6a,7,11,13, 1 4a-dadecahyd ropyrido{1°,2"4,5]pyrazino(1,2-alquin

azotine-10-carboxamide;

(4a8,6a8,14a8)-6-(2-(Acetyla minolethyl]-N-{(2,4-difluorop heayDmethyl]-12-hydroxy-1
1,13-dioxo"1,2,3,4,4a,5,6,6a.7, 11,13, l4a-dodecahydropyridol 1,2 4,5}pyrazino{1,2-alqui -

nazoline-10-carboxamide;

(35,11a)- M [(2,4-Difluoropheny)me ihyl]-3~ethyl'6'hydroxy'S.‘?'dioxo-2,3,5,7, it,11a-h

exahydroll,3Joxazalo[3,2 alpyridol1,2-dlpyrazine:8-carboxamide;

35, 11af)-3-Butyl- Al(2,4-difluorophenyDmethyl}-6-hydroxy5,7-dioxo 2,3,5,7. 11, | la:h

exahydro{l,3loxazolol3,2-alpyrido(1,2-dlpyrazine-8-carboxamde;

(35, 110/2- N {(2,4-Difluorophenyl methyll-6-hyd roxy 3-[{(4-hydroxyphenymethyl} 5,7

diox0-2,3,5,7,11,11a-hexahydrol1,3]oxazolof3,2-alpyridol},.2-dlpyrazine-8-carboxamide

(45,12a8}-1-Cyclobutyl-N-[(2,4 -difluorophenyDmethyl]l-7-hydroxy-4-methyl-6,8-divxo- 1

12,3,4,6,8,12,12a-0ctahydropyrido{1',2":4,5lpyrazinol 1,2 -alpyrimidine-9-carboxamide.
(45,1229 A[(2,4-DiftuorophenyDmathyll-7-hydroxy- 4 -methyl-6,8-d1oxo- 1-(tetra hydro-

2fthiopyran-4-yl)-1,2,3,4,6,8,12,12a octahydropyridal 1',2"4,5]pyrazinol1,2: alpyrimid

ine-9-carboxamide:

22



{185,12a.9)- A*((2 4-Drfluorcpheny)methyll-7-hydioxy- 1,4 bis(2-methylprapyl)-6,3-dioxe

-1,2,3,4,6,8,12,12a-octahydropyrido{1',2:4,5lpyrazinel1,2-alpyrimidine -9-carboxamide;

(4aS5,6a85,14a9)-N-{{(2,.4-D1fluorophenyDmethyl}-12-hydroxy-6-(2-hydroxyethyl)-11,13-d
foxo- 1,2,3.4,4a,ﬁ,6,6a,7, 11,13,14a-dodecahydropyrido{1',2".4,5]pyrazinof1,2-alquinazols

ne-10-carboxamide;

(425,6a8S.14a8)-6-Cyclopropyl-N-[{2,4-difluorophenyl)methyl)- 12-hydroxy-11, 13-dioxo-
1,2,3,4,4a,5,6,6a,7, 11,13, 14a-dodecahydropyrido(1',2":4,5]pyrazinol1,2-alquinazoline- 1

O-carbuxamide;

(4485,6a85,11a3)-N-{(2,4-Difluorophenyl)methyll-12-hydroxy-11,13-d1oxo-6-[2-(1-pyrroli

dinylethvl]-1,2,3,4,4a,5,6,6a,7,11,13, 14a-dodecahydropyridol(1',2"4,5]pyrazinol1,2 alq

uinazoline-10-carboxamide;

(4aS,14a8)-N-{(2,4-Difluorvphenyl)methyl]-9-hydroxy -8, 10-diox0-2,3,4,44,5,6.8,10, 14,1

da-decahydro-1H-pyrido{1,2-clpyrido{1,2":4,5]pyrazinol1,2-alpyrimidine- 11-carboxani

des

(48,12a8)-N-[{a-Fluorophenyl)methyll-7-hydroxy-4 methyl-1-{2-{methyloxy)ethyl]-6,6-

d10x0-1,2,3,4,6,8,12,12a-octahydropyridol1',24,5}pyrazino{l,2-alpyrimidine-9-carboxa

mide,
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(45,12a8)-1-Cyclobutyl-N-{{4-fluorophenyDmethyl]-7-hydroxy-4-methyl-6,8-d10x0-1,2,3

.4,6.8,12,12a-octahydropyrido[1',2".4,5lpyrazino{1,2-alpyrimidine-9-carboxamide:

(45,12a8)-N-{{4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(2-methylpropy1)-6,8-diox
0-1,2.3.4,6,8,12, 12a-octahyvdropyridol1',2'4,5]pyrazino(1,2-alpyrimidine-9-carboxamid

e

(45,12a8)-N-[(4-Fluorophenyl)methyll-7-hydroxy-1,4-dimethy!-6,8-dioxo- 1,2,3,4,6,8,12

,12a-0cta hydropyr.ido[ 1',2' A,5lpyrazinol1,2-alpyrimidine-9-carboxamide;

(45,1229 M[(4-Fluorophenylhinethyl)-7-hydroxy-d-methyl-6,8-dioxo-1-(tetrahydro-2 4
‘thiopyran-4-y1)+1,2,3,4,6,8,12, 12a-cctahydropyridol 1',2':4,5]pyrazinol1,2-alpyrimidine

*9-carboxamide;

(48,1228 A [(2,4-Difluorophenyl methyll-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2,3.-1,6,8

,12,12a-octahydropyridol1',2":4.5lpyrazinoll,2-alpyrimidine-9-carboxamide;

{48 1229 - A“{{4-Fluorophenylymethyl}-7-hydroxy-4-mecthyl-1-(1-methylethyl)-6,8-dioxo

“1,2,3,1,8,8,12,12a-0octahydropyridel 1',2'.4,5lpyrazinol1,2-alpyrimidine-9-carboxamide.

(151228 V{4 FiuorophenyDmethyl]l-7-hydroxy 1.4-bis(2-methylpropyl)-6,8-dioxo-1,2

.3.4,6,8,12,12a-octahydropyridol1',2:4,5lpyrazino[1,2-alpyrimidine-9-carboxamide;



b4

engntiomers thereofi dinstereomers thereofi mixtures of enanticiners thereof

mixtures of diasterecomers Lhereofi mixtures of enantiomers and diasterecimers

thereofi and pharmaceuticaily acceptable salts thereof.

(323 A compound selected from the group consisting of”
(d4a5, 132 2¢)- A [(2,4-DifluorophenyDmethyll- 10-hydroxy-9, 11 -diox0-2,3,4a,5,9,11,13,13a

-octahydvo-1 H-pyridof1,2-alpyrrolo{1',2:3,4imidazol1,2-dlpyrazine-8-carboxamide:

{(4a5,13a R)- V-((d-Fluoropheny methyl]- 10-hydroxy-9,11-dioxo-2,3,42,5,9,11,13,13a-0ct

ahydro-} H-pyridol1,2-alpyrrole[1’,2":3,4limidazol1,2-dlpyrazine-8-carboxamide:

(35, 11a ) -A[(2.4-Dh ﬂuorophcnyl)methyll'6"hyd roxy-3-[(18)-1-methylpropyl]-5,7 -dioxo

-2,3,5,7, 11, 11a-hexahydral 1,3loxazolo(3,2- alpyrido{1,2-dlpyrazine-8-carboxamidc;

(35, 11a /) V12, 4-Difluocrophenyldmethyl]-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7,11, 112

-hexahydro[1,3loxazela{3,2 alpyrido(1,2-dlpyrazine-8-carboxamide:

(3S. 1127 NV [{4-Tluorophenylimethyll-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7, L1, 1 1a-he

xahydroll.3loxazolol3.2- alpyridol1,2-dlpy razine-8-carboxamide:

(45,1229 A[(2.1-Difluorophenylimethyl}-7-hydroxy-1-methyl-1-(2-methylpropyl)-6,8-

dioxo-1,2,3,1,6,8,12,12a-actahydropyridel1',2':4,5)pyrazinoll,2- alpyrimidine-9-carboxa
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mide;

(45,1229 1-(Cyclopropylmethyl}- \{(2,4-di fluorophenyDmethyll-T-hyd roxy-4-methyl-6
8-dioxo-1,2,3,4,6,8,12,12a-octahydropyrido(1',2::4,5]pyrazino[1,2- alpyrimidine -9-carbo

xamide:

(42 R,6a /2,142 5)- A*{(2,4-Difluarophenylmethyl)- 12-hydroxy-11,13-dioxo- 1,3,4,44,5,6a,

7,11,13,11a decahydro-2 &-pyridol1',2°:4,5lpyrazine(1,2-4}[3, 1 Ibenzoxazine - 10-carboxa

mide;

{4a2.6a R, 1409 A*l{4-Fluorophenyl) methyl)-12-hydroxy-11,13-dioxo 1,3,1,4a,5,6a,7, 11
.13,14a-decahydro-2 4 pyn.do[l',‘Z' 1,5]pyrazinoll,2-all3,1)benzoxazine 10 carboxamide
45,9aR)-5-Hydroxy-4-methyl-6. lQ‘diox0'3,4,6,9,9a, 10-hexahydro-2H - 1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 2,4,-difluoro-benylamide,

4R,9a5)-5-Hydroxy 4-methyl-6, 10-diox0-3,4,6,9,92,10-hexahydro-2H- 1-oxa-4a,

8a-diaza-anthracene 7-carboxyhe acid 2,4,-difluoro-benylamide:

2R,9a8)-5-Hydroay 2 methyl-6,10-diox0"3,4,6,9.9a, 10 -hexahydro-2H- t-oxa-1a,

8a-diaza-anthracene-7-carboxylic acid 4-fluoro-benylamide:
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cnantiomers thereofi diastercomers thereoli mixtures of enantiomers thereof;

mixtures of diastereomers thereof, mixtures of enauntiomers and diastereomers

thereof; and pharmaceutically acceptable salts theveof

(33) A compound uaccording to the above (31) or (32) wherein the pharmaceutically

acceptable salt is a sodium salt

(34) A pharmaceutical composition comprising a compound according to any one

of the above (1) to (33), or & pharmaceutically acceptable salt, or solvate thercof.

(35) A pharmaceutical composition according to the above (34), which is an

anti-HIV agent.

(6} A process for the preparation of a compound of formula (I-20a)

P

e O B'
S & 4.
H"\ /n\g/ x ‘N\../}-:l"O

5

(1-20a)

wherein R* is one or two halagen: R¢ 13 Cisalkyl, ConrylCisalkyl, Cyisaryl, or

alkoxy! and Pt 15 Cg taarylCusalkyl:

comprising condensing a compaund of the farmula

P-\O o

(;\l H 0, /l\\])‘\()ﬂ”

N AN

L atd

(¢] CHO

wherein R 1s one or two halogen: R% is Cy aalkyl, and Ptis Ci 1arylCysatkyls



with a compound of the fornula

wherein R*1s Crsalkyl, Cs 1arylCy salkyl, Co riaryl, or alkoxy:

to form a compound of formula {1-20a)

3n A process for the preparation of a compound of formula (I-20b)

wherein Re is one or two halogen: Re s Craalkyl, Cs parylCyanlkyl, Cearyl, o:

atkoxys and P1is Ce arylCraalkyl

comprising condensing a compound of the formula

B
o [ PN N .
G T L™
S P HL AN,
R it )

Q CHO

wherein R« is one or two halogen: R%0 is Craalkyli and 'V is CoraarylCh salkyls

with a compound of the formula

Rl
HzNJ N

OH

wherein R is C1 saltkyl, Cs arylC salkyl, Co-naaryl, or alkexy,

to form a compound of formula (I-20b).

28

29



(342 A process for the preparation of a campound of formula {I-21a)

i
P\o o
- O —_ H
z = N
R \ﬂo H

N

wherein Re is one or two halogan: and Plis Co 1aarylCisalkyli

(I-21a)

comprising condensing a compound\of the formula

wherein Re is one or two halogen: R% is Cysallyli and Pt is O arylCrsalkyl,

with a compound of the formula

o

NH,

to form a compound of formula (I-21a).

(39 A process for the preparation of a compound of formula (I 21b)

P

(o] O
SED ST
[2ES 80
o {-21b)

wherein Re ié one or two halogen: and Pt 15 Co viarylCraalkyl;

29
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comprising condensing a compound of the formula

1
P~o o
['f\! H O‘I *HLOR”
N AR N
RIS
0 CHO

wherein R is one or two halogeni R3 is Cy salkyli and P! 1s Ce 14arylCi-salkylh

with a compound of the formula

te form a compound of formula (I-21b).

(40} A process for the preparation of a compound of formula (1-22a)

0 (I-22a)

wherein Re is one or Lwo halogen. and P! is Cu jaarylCrsalkyl

comprising condensing a compound of the formula

P.
‘° ﬁ
P .. A ~
g e
R \.«NT ‘\\/Nj
o CHO

wherein R® 1s one or two halogen, R3 is Cysalkyl: and PVis Cg warylCraalkyl

with a compound of the formula

340
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AN
N
H

NH,

to form a compound of formula ([-22a).

41 A pracess for the preparation of a compound of formula ([-22b)

1
2 Hp‘ \7)'*»:" )
H- 3 \\/N \tN\)E\Nk

H /
Q - (I-22b)

wherein Re is one or two halogen: and P! iy Ce jaarylCy salkyl

comprising.condensing a compound of the formula

Pl
o O
-z ] " Oy, /‘\'JL'ORSO
X N >N

R
o} CHO

wherein Re is one or two halogen: R0 is Cyaalkyli and PYas Co, 1aarylCi salkyl,

with a compound of the formula

to form a compound of formula (1-22h).

(42) A process for the preparation of a compound of formula (1-23a)

P\O o
m o\)\\~,/u‘N"‘>i
H
J’:/| ~N M \/_LN )
A H
o ([-23a)

wherein Re s one or two halogen: and Pt s Cs tauarylCyaatkyl



comprising condcnsing a compound of the formmula

1

. P\O o
P [o 28 <\'/u\ 50
(/ /Il ﬂ \\N o
R'%’ ~T >~
(o] CHO

wherein Rt is one or two halogen: R% 1s Cisalkyli and Ptis Co 1aaryiCh aalkyls

with a compound of the formula

to form a compound of formula (I-23a).

-{43) A pracess for the preparation of a compaund of formula (1 23b)

P\,? o
- (o] «
f N Y il/u NN
| u A
H.%_J\/N\n)\/"'\,/i\uu\,

o (1-230)

wherein Rt i5 onc or two halogen, and Pt is Cs iiavylCy satkyls
comptising condensing a2 compound of the formula
1

P
o 0

P Qs A JL P
r 1 H r OR

CHO

wherein Re is one or two hatogen: R {s Cuaalkyls

with a compound of the formula

6/
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NH,

to form a compound of formula (I-23b)

(40) A process for the preparation of a compound of formula (1-24a)
1
P\O o B;
== \, " o] X N/j
N NS

R b =N

) H ge

(I-24a)

whercin ¢ is one or two halogen. R is Cisalkyli R 1s hydrogen, Cascycloatkyl, |
hetevocycle, or Cysalkyl optionally substituted with hydroxy, Cisacycloalkyl, alkoxy,
heterocycle, heteroaryl, Chaaryl, or amino, wherein said amino may be optionally

substituted with —~C(O)Ci.aalkyl or Cy salkyli and Pt 1s G 1earylCusalkyl,
comprising condensing a compound of the formula

P

JO\ o]
l;\] " Oj, \TJLOR“
R.‘..i:// \/Njy ‘\\/N\'

[8) CHO

wherein Re is one or two halogen: and R s Cisalkyl: and 't 15 Co wwarylCraalkyls

with a compuund of the formula

whevein T is Cusalkyl. R4 is hydrogen, Ciacycloalkyl, , heterocycle, or Cosalkyl
optionally substituted with hydroxy, Ciecyclontkyl, alkoxy, hetervoeycle, heteroaryl,

Cowaryl, or amine, wherein said amino may he optionally substituted with

~ClO)C 1 satkyl or Cyaalkyl:
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ta form a compound of the formnla (I-24a)

(15 A process for the prepavation of a compound of formula (1-24b)
o o =
- N J\)L N.J
> ﬂ\’ Yt} x N }\
R - ~ TN
H 'y
o A (-24b)

wherein Re 1s one or two halogeni R+ is Cyaalkyli R#! 1s hydrogen, Caccycloalkyl, ,
heterocyele, av Cisalkyl optionally substituted with hydroxy, Csecycloalkyl, alkoxy,
heteracycle, heteroaryl, Cguaryl; or amino, wherein said amino may be optionally

substituted with -C{O)C1 aalkyl or Ciaalkyl: and I’ is Cs warylCisalkyl;
comprising condensing a compound of the formula

\]

0 o

rAI HOVL\‘(U\OR“
c

A I
HO

e}

wherein B¢ 1s one or two halogen; R is C1 satkyl, and P1as Go viarylCrsalkyls
with a compound of the formula
Rl
TN
H,N J

e

HN
Flin

wherein Rs is Craalkyli and R4 is hydrogen, Cyucycloalkyl, , heteroeycele, or Cj gatkyl
optionally substituted with hydroxy, Cicecycloalkyl, alkoxy, heterocycle, heteroaryl,
Ce 1anryl, or amino, wherein said amino may be optionally substituted, with

—C{(O)C1 aalky! or Cy aalkyls

to form a compound of the farmula {(I-24b).
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(46) A process for the preparation of a racemic compound of formula {I-25)

1
P\O o
- O, N
cad ~a N
I w \(“
RQVN \ N\/*\N
H 'y
o R (125
wherein Rr is one or two halogen, Re! 1s hydrogen, Ciecyeloalkyl, , heterocycle, or
Cunalkyl optionally substituted with hydroxy, Cascycloalkyl, alkoxy, heterocycle,

heteroaryl, Coiqaryl, or amino, whercin said amino may be optionally substituted

with —C(Q)C, aalkyl or Ci salkyl; and P! s is Ca-14arylCh salkyls

comprising condensing a compound of the formula
]
P~ o
Gl r
SN N
A )
[0} CHO

wherein 11° 15 one or two halogen: and R3 s Cysalkvl; and Pt is Cy vaarylCy aatkyl:

with a racemic compound of the formula

21

NH,HN' R

O

wherewn Rt is hydrogen, Ciwcyclonlkyl, , heterocycele, or Cinallyl optionally
substituted with hydroxy, Ciecycloalkyl, alkoxy, heterocycle, heteroaryl, Cy nanryl, or
amino, wherein said amino may be optionally substituted with ~C(O)C satky! or

Cy salkyl.
to form a racemic compound of the formula (I-26).

47 A process for the preparation of a racemic compaund of formula (1-26)
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o o
(o] e -
il " R %/
Re.\/ ~N §’PJV’\N‘
H a
o R (1-26)

whevein Re 1s one or two halogen; R#! 1s hydrogen, Cascycloalkyl, . heteroeycele, or
Cyaalleyl vaptxonnlly substituted with hydroxy, Ciscycloatky!, alkoxy, heterocycle,
hetercaryl. Co tiaryl, or amino, wherein said amino may be optionally suAbstir.uted
with —~C(OYC salkyl or Cipalkyl. and Pt is Co wsarylCy satkyl

comprising condensing a compound of the formula

1
~

P o O

e

R‘ S \.'_,NTI/ N.}
CHO

o

wherein Re s one or two halogen: R% 15 Craalkeyl and PVis Cu niarylCysalkyls

with a racenuc compound of the formula

S

"/

wherein R4 is hydrogen, Csscycloalkyl, ., hetervocycle, or Cisalkyl optionally
substituted with hydroxy, Cigeyclonlkyl, alkoxy, heterocyele, heteroaryl, Co 1aaryl, or

amino, whercin said amino may be optionally substituted with —C(O)C-salkyl or

Cuaalkyl;
to form a racemic campound of formula (I-26)

(48) A process for the preparation of a racemic compound of formula (I-27)



-27

wherein It¢ 1s halogen: and P! is Cs uarylCisalkyl;

comprising condensing a compound of the formula

1
P o
N

ol RSO

wherein Re is one or two halogen: R% s C; sulkyl and P! is Cs 14arylCy salkyl

with a vacemic compound of the formula

NH, OH

OJ

to form a racemic compound of formula (I-27).
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(19). A compound of tormula (1-20a) described in above (36) formula ([-20b)

deseribed 1n above (27), formula (I-21a) described in above (38), formula {[-21b)

described 1n above (39), formula ([-22a) described in above (40), formula (I-22h)

described in above (41), formula {1-23a) described in above (42), formula (I-23h)

described 1n above (43), furmula (I-24a) described in above (44}, formula (1-241)

described 1n above {(45), formula (1-25) described in above (46), formula ([-26)

described 1 above (17), or formula (1-27) described in above (48),

pharmaccutically acceptable salt theveof.

(50) A compound of formula (I-20a) described in abhove (36) formula ({-20b)
described 1n above (37), forinula (1-21a) described in above (38), formula (1-21b)
described in above (39), formula {I-22a) described in above (40}, formula (I-22b)

described in above (41), formula {I-23a) deseribad in above (42), formula ([-23b)

or a
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described 1n above {43}, formula (I-24a) described in above (44), formula (1-24b)
described 1n above (45), formula ([-25) described in above (48), formula ([-26)
described in above (47), or formula {[-27) described in above (48), or a

pharmaceutically acceptable salt thercof, wherein each P!is hydrogen.

The present invention further provides a pharmaceutical compasition containing
any of the compounds shown above, a pharmaceutically acceptable salt or a solvate
thereof, especially an anti-HIV agent A
[Effect of the tnvention)

{0005]

The present invention compounds possess an integrase inh\bil:.ory activity and/or
a cell'growth inhibitory activity against virug, especially HIV.  Accordingly, they are
useful for the prevention ar treatment of varwous discases mediated by integrasc ov
virus infection diseases (e g., AIDS) The present invention further provides a
process for preparing a diastereomer, a mixture t.hcre‘of, or racemate.
('Prefe rred Embodiment of the {nventionl
{00a6]

The terms used herein are explained below Fach term, alone or in combination
with anothev tem, means as follows

“Lower alkylene” means a straight ov hranched él to C6 alkylene such as
methylene, ethylene, trimethylene, n-propylenc, tetramethylene, ethylethylene,
peuntamethylene, or hexamethylene, preferably Cl to C4 straight alkylene such as
methylene, cthylene, trimethylene, and tetramethylene, more preferably methylene or
ethylenc.

“Lower alkenylene” means a straight or branched CZ to C6 alkenylene, which
consists of the above “Lower alkylene” having one or more double bonds, such as
vinylene, propylene, or butenyicne, preferably a straight C2 to C3 alkenylene such as
vinylene or propylenc.

“Lower alkyl” means a straight or branched C1 to C10 alkyl such as methyl, ethyl],
n-propyl, i-propyl, t-butyl, isocbutyl, sec-butyl, n-pentyl, and n-hexyl, and preferred is
Cl to C3 alkyl, more preferred is methy!l, cthyl or n-propyl, n-pentyl, isopentyl,
neopentyl, tert-pentyl, n-hexyl, isohexyl, n-heptyl, n-octyl, n-nonyl, and n-desyl,

-preferably C1 to C6 lower alkyl, more preferably C1 to C4 lower alkyl such as methyt,
cthyl, n-propyl, isopropyl, n-butyl, 1sobutyl, sce-butyl, tert-hutyl, n-pentyl, isopentyl,

neopentyl, tert-pentyl, n-hexyl, and isohexy!
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When lower alkyl is intervened with “*N=" or “=N-", the lower alky! may have a
double bond to form ‘CH»-N=CH:, CH=N-CHjetc.

“Alkenyl” maans a straight or branched C2 to C8 alkenyl, which consists of the
above “alkyl" having one or more double bonds, such as vinyl, 1-propenyl, 2-propenyl,
l-butcn&l_ 2-butenyl, 3-butenyl, 1,3-butadicnyl, and 3-methyl-2 butenyl, preferably
C2 to C6 alkenyl, and more preferably C2 to C4 alkenyl.

“Lower alkenyloxy” means oxy attached to the above lower alkenyl, such as
vinyloxy, L-propenyloxy, 2'propenyloxy,' I-butenyloxy, 2-butenyloxy, 3-butenyloxy,
I,3-butadienyloxy, and 3-methyl-2-butenyloxy. -

“Cycloalkyl” means C3 to CB cycliz saturated hydroearbon, such as cyclopropyl.
cyclobutyl, cyclopentyl, cyclohexyl, cyclopentyl, and cyclooctyl, preferably C3 to C6
cycloalkyl. ’

“Cycloalkyl lower alky!” means lower alkyl substituted with the above cycloaiky!,
such as cyclopropylmethyl, cyclopropylethyl. cyclobutylmethyl, cyclopentylmethyl,
eyclohexylmethyl, and cyclohexylethyl, and preferably C3 to C6 cycloalky! lower alkyl.

CAryl” means monocyclic nroma;ic hydrocarbon {e.g, pheayl) and palyeyelic

hydrocarbon fe.g, 1-naphthyl,2- naphthyl, lIranthuyl, Z-antheyl,  Q-anthiyl,
U'phenantheyl, 2-phenanthryl, 3-phenanthryl, d-phenunthryl, 9-phenanthryl},
preferably phenyl or naphthyl (e.g, t-napthyl, 2-naphthyl).

"Aralkyl” or “aryl lower alkyl” means the above lower alky!l substituted with | to 3
of the above ary), such as benzyl, diphenylmethyl, triphenylmethyl, phenethyl, |-
napthylmethyl, 2- napthylmethyl, preferably benayl

“Aryloxy” means oxy attached to the ahbhove aryl, such as 1-naphthyloxy,
Z2-naphthyloxy, I-anthryloxy, 2-anthryloxy, 9-anthryloxy. I-phenanthryloxy,
2-phenanthryloxy, 3-phenanthryloxy, 4-phenanthryloxy, and 9-phenanthryloxy,
preferably phenyloxy or naphthyloxy (¢ g, 1- napthyloxy, 2-naphthyloxy)

“Heterocyclic group” means “hetevoring” or “hetevoaryl”,

“Heteroring™ means a non-aromatic ring which has at least onc of N, O and/or S in
the ring and may be bonded at any substitutable position, preferably 5 to
T-membered vring. such as L-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, Upyrrohdinyl.
2-pyrrolidinyl, J-pyrrohdinyl, L-imidazolyl, 2-umidazolyl, 4{-imidazolyl,
1-imidazolidinyl, 2-imidazolidinyl, 4-imidazohdinyl. Ul-pycazolinyl, 3-pyrazolinyl,
4-pyrazolinyl, 1-pyrazolidinyl.  3-pyrazolidinyl, 1'p)'iazolldin)'l. piperidino,
2-piperidyl, 3-piperidyl, 4-pwperidyl, 1-piperadinyl, 2-piperadinyl, 2-morpholinyl,

J-morpholinyl, morpholino, and tetiahydropyranyl. The nonaromatic ring is a
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“Heteroaryl” means monoeyclic aromatic hetero-type ring or condeused avomatic

saturated or unsaturated ring

helero-type ring.

“Monaocyclic aromatic hetero-type ring” means a 5 to 8- membered aromatic rving,
which contains 1 to 4 of 0, S, I and’ or N and may be bonded at any substitutable
position.

“Condensed aromatic hetero type ring” means a group wheren an aromatic ring
containmg_ Itodof 0,8, P and/ nr N is condensed with | to 4 of 5 to 8-membered
aromatic ring(s) or the other 5- to 8-membered aramatic heteroring(s)

Examples of "hetcroaryl” snclude furyl {(e.g.. 2-furyl, 3-furyl), thienyl (e.g.,
2-thienyl, 3-thienvD), pyrrolyl (e.g‘, 1 pyrrolyl, 2-pyrvolyl, 3-pyrrolyD), imidazolyl (e g.,
1'imidazolyl, 2-imidazolyl, 4-umdazolyl), pyrazolyl .(e.g.. I-pyrazolyl, 3-pyrazolyl,
A-pyrazolyD), triazolyl (e.g, 12,4 trinzole-1-yl, 12,4 triazole-3-yl, 1,2,4-triazole-d-yD),
tetrazolyl {e.g., 1-tetrazolyl,” 2-tetrazotyl, 5-tetrazolyl), oxazolyl (cg. 2-oxazolyl.
4-oxazolyl, 5'oxnzolyl), isoxazolyl (e g., 3-isoxazolyl, <-izoxazolyl, S5-1soxazalyld,
thiazolyl (e.g, 2-thiazolyl, 4-thiazolyl, 5 thiazolyl), thiadiazolyl, isothwazolyl fc g,
J-isothiazolyl, 4-isothiazolyl, 5-isothiazolyl), pyricilie g , 2-pyridil, 3-pyridil, 4-pyridit),
pyridazinyl {e.g, 3-pyndazinyl, 4-pyridazinyl), pyrimidinyl {(eg, 2-pyrumdinyl,
4-pyrunidinyl, S-p;'rlmidinyl), furazanyl (e.g., 3-furazanyl),” pyrazinyl (e g,
2-pyrazinyl), oxn(lmzoly.l le.g., 1,3, 4-oxadiazole-2-yD), benzofuryl (e.g, 2-benzolblfuryl,
3-benzolblfuryl, d-benzolblfuryl, 5-benzolblfuryl, &-benzolblfuryl, 7-benzolblfuryl),
benzothienyle g, 2-benzolblthienyl, 3-benzolblthenyl, t benzolblthienyl,
5-benzolblthienyl, 6-benzofblthicnv], T-benzolblthienyl), benzoimidazolyl (cg.
i*benzoimidazolyl, 2-benzoimidazolyl, 4-benzoimidazolyl, 5-benzoimidazolyl),
dibenzofuryl, benzooxazolyl, quinoxalinyl {c.g., 2-quinoxalinyl, 5-quinoxalinyl,
6-quinoxalinyl), cinnolinyl {e.g., J-cinnolinyl, 4-cinnolinyl, 5-cinnoliny!l, 6-cinnolinyl,
7-cinnohinyl, 8-cinnolinyl). quinazolinyl {c.g., 2-quinazolinyl, 4-quinazohnyl,
S-guinazolinyl, 6-quinazehinyl, 7-quinazolinyl, 8-quinazolinyl), qumnolyl{e g,
2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinovlyl, 6-quinolyl, 7-quinelyl, 8 quinalyD,
phthalazinyl (c.g , U'phthalazinyl, 5-phthalazinyl, 6-phthalazinyl), 1soquinolyl {(e.g..
1-isoquinolyl, J-isoquinalyl, d-1saquinolyl, 5-isoquinolyl, 6-isoquinolyl. 7-isoquinolyl,
8-isoquinolyl), purinyl, ptevidinyl (e.g., 2-pteridinyl, 4-pteridinyl, G-ptenridinyl,
7-pteridinyl), carbazolyl, phenanthndin_vl,. acrudinyt {e.g., l-acrilinyl, 2-acridinyl,
Jracridiny!, <-acridinyl, 9- acridiny]), indolyl {e.g., 1-indolyl, Z-indalyl, 3-indolyl,

4-indolyl, H-indnlyl, 6-1ndelyl, 7-indoly]), iseindolyl, phenandiny] (e p., 1- phenandinyl,
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2- phenandinyl) or phenothindinyl te.g, 1+ phenothiadinyl, 2-plhenothiadingt,
3:-rhenothiadinyl, li-p};enothladmyl).
“Heteroeycle” means a cycle which can be lead to the above heterocyelic group.
“Heterocyclic group lower alkyl" or “Heterocycle lower alkyl” means lower alkyl
substituted with the above heterocyclic group.
“Heteracyclie group oxy” or “Heterocycle oxy™ means an oxy attached to the above
heteroeyclic group
“Heterocyclic group carbonyl” or “Heterocyclecarbonyl” means a carbonyl attached
to the above heterocyclic group
“Lower alkoxy” or "alkoxy” means an oxy attached to the above iower alkyl, such
as methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy, isebutoxy, tert-butoxy.
“Lower alkylcarbonyl”, ";ycloall{ylcarbonyl", “ecycloalkyl lower alkylcarbonyl”,
"I_owcr alkkoxycarbonyl”, “avylearbonyl”, “aryl lower alkylcarbonyl”, “aryloxycarbonyl”,
“heterocyclecarbonyl”, “heterocycle lower alkylcarbonyl”, and “haterocycle
oxycarbonyl’, each means a carbonyl attached to the above “lower
alk)"l“, “cycloalkyl”, “cycloatkyl lower alkyl”, "lower alkoxy”, "aryl”, "aryl-lower
alkyl”, Taryloxy”, "hetcrocycle”, “heterocycle lower alkyl”, and “heterocycleoxy”,
respectively
{0007]
) Whén a substituent{s) isiare present on “optionully substituted lower

alkyl", “optionally substituted cycloalky!”, "optionally substituted cycloalkyl lower
alkyl”, “optionally substituted lower alkenyl”, “optionally substituted lower
alkoxy”, “optionally subshtuted aryl", “optionally substituted aryl lower
alkyl”, "optionally substituted aryloxy”, “optionally substituted aryloxy lower
alkyl”, “optionally substituted. heterocyle, “optionally substituted heterocyche
group”, "optionally substituted heterocycle lower alkyl”, "optionally substituted
heterocycleoxy”, "optionally substituted lower alkenyloxy”, "optionally substituted
lower alkyicarbanyl”, “optionally * substituted cycloalkylcarbonyl”, “optionally
substituted cycloalkyl lower alkylcarbonyl”, “optionally substituted lower
alkoxycarbonyl”, "optionally substituted arylearbonyl”, "optionally substituted auyl
lower alkylcarbonyl”, "optionally substituted avyloxycarbunyl”, "optionally substituted
heterocyclecarbonyl”, “optionally substituted heterocycle lower
alkylecarbonyl®, “optianally  subsututed  heterocycleoxycarbunyl”,  “optionally
substituted tower alkylene”, “optionally substituted lawer alkenylene”, “optionally

suhstituted phosphotic acid residue”, "optionally substituted carbocycle” or "optionaily
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substituted heterocycle”, cach may he substituted wilth the same or different, 1 to 4
group(s) selacted from Substitucnt group B at any position

Examples of Substituent group B include hydroxy. carboxy, halogen (F.CI.Br.1).
hala lower alkyl {e.g., CF),CHCl3, CH:CCly), halo lower alkoxy (e g , OCIs, OCH:CI,,
OCH:CCli), lower altkyl {e.g, methyl, chtyl, 1sopropyl, tert-hutyl). lewer atkenyl (e g ,
vinyl), lower alkynyl {c g, ethynyl), cycloalkyl (e g, cyclopropyl), cycloalkenyl (e ¢,
cyclopropenyl), lower alkoxy (e.g, methoxy, ethoxy, propoxy, butoxy), lower alkenyloxy
(c.g., vinyloxy, allyloxy), lower alkoxycarbony! (e.g , methoxycarbonyl, ethoxycarhanyl,
tert-butoxycarchanyl), nitro, nitrogo, aptionally substituted amine (e g., alkylamino
(e.g.. methylamino, ethylamino, duncthylamino), acylamino f{e.g.. acetylamino,
Benzoylammo), aralkylamino (e.g., benzylaminoe, trithylaminoe), hydroxyaminae), azido,
aryl (e g., phenyl), avalkyl (e.g.. benzyl), cyvano, isocyano, 1socyanate, thiacyanate,
isothiocyanate, mercapt, alkylthio {cg. methylthio), alkylsulfonyl (eg.,

methansultonyl, ethansulfonyl), optionally substituted alkylsulfonylaminc (e.g.

methanesulfonylamino,  cthansulfonylamine,  N-methylsulfonyl-N''methylamino),

optionally substituted carbamoyl (e g . alkylcarbamoyl te g, methylcarbamayl,
cthylcarbamoyl, dimethylearbamoyl)), sulfamoyl, acyl (e.g ., formyl, acetyl}. furinyloxy,
haloformyl, oxal, thioformyl!, thuocarbexy, dithiocaihoxy, thwearbamayl, sulfino, sulfo,
sulfoamino, hydrazine, azide, wureido, ammine, gquanidimno, phthalimide, oxo,
phospheric acid residue, lower alkvl which 1s substituted with a phosphone acid
restdue and mav be intervened with a heteroatom group(s). aryl substituted with a
pliosphoric acid residue, avalkyl substituted with a  phosphoric acid residue,
hydroexyi lower alkyl, preferably hydroxy, carboxy, halogen(F.CL By, 1), halo lower alkyl
{e.g., CF1,CH:CFy, CH:CCl), halo lower alkuxy {2 g, OCFi, OCH.CF\, OCH-CCLY.
lower alkyl (e g, methyl, ethyl, wopropyl, teit-butyl), lower alkoxy (e g. methoxy,
ethioxy, propoxy, butoxy), optwnally substituted amino (e.g, alkylanune fcg.
methylamino, ethylamune, dimethylamine), oxa, or phosphoric acid 1esidue.

fixamples of a substituent of “optimnlly substitated amine” o1 “optionally
substituted carbamoyl” include mono- or di lower atkyl, lower atkylcarbonyl, lower
alkyisulfonyl, optionally substituled lower alkyl (c g., methyl, ethyl, wsopropyl, benzyl,
carbamoylalkyl (c.g., carbamoylmethyl), mone or di- lower alkylecarbamoyl lower
alkyl {e.p., dimethylcarbamoylethyl). hydroxyl luwer alkyl, heterocyele lower alkyl
(e.g, morﬁhohnoethyl, tetrahydvopyranylethyl), atkoxycarbonyl lowe, alkyl (a.g.,
cthoxycarbonyhuethyl, ethoxycuibonylethyl), mono- ar di lower atkylamino lower

alkyl (e g. dimethylaminocthyl)), lower allony lower alkyl (e g, methoxyechyl,
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ethoxymethyl, ethoxycthyl. isopropoxycthyl), acyl (e.g., formyl, optionally substituted
lower alkylcarbonyl (e.g., aucetyl, propionyl, butylyl, isobutylyl, valeryl, isovaleryl,
pivaroyl, hexanoyl, octanayl, methoxyethylcarbonyl, 2,2,2-trifluorcethylearbonyl,
ethoxycarbonylmethyleathonyl), lower  alkoxy lower  alkylecarhonyl (eg,
meclhoxyethylcarbonyl), lower  alkylcarbamoyl lower  alkylcarbonyl (e.g.,
methylcarbamoylehtylcarbonyl),  alkoxycarbonylacetyl), optionally  substituted
arylcarbony! (e.g.. benzoyl, toloyl), optionally suhstituted avalkyl (e g.. benzyl,
4-fluorobenzyl), hydroxy, optionally substituted lower alkylsulfonyl (e.g.,
methanesulfonyl. ecthanesulfonyl, isopropylsulfonyl, 2,2,2-trifluorocthanesulfonyl,
benzylsulfonyi, mcthoxye!;hylsulfouyl).. lower alkyl. or arylsulfonyl optionaliy
substituted with halogen (e.g, benzenesulfonyl, toluenesulfouyl,
4-ﬂuordbenzenesulfonyl. fluorobenzenesulfonyl). cycloalk_v.l (e.g . cyclopropyl), aryl
aptionally  substituted with lower alkyl (e.g., phenyl, trithyl), lower
alkylaminosulfonyl (c.g.,, methylaminosulfonyl, dimethylaminosulfonyl), lower
alkylaminocarbonyl (e g., dimethylaminocarbonyll, lower alkoxycarbonyl (e g,
-ethoxycarbonyl), cycloalkylecarbanyl (e.g, cyclopropylcarbonyl, .cyclohexyicarbonyl),
oplionally substituted sulfamoyl (e.g.. sulfamoyl, m‘ethylsulf:unoyl,
dunethylsulfamayl),  lower alkylearbonylamine (e.g., methylcarbonylamino),
heterocycle {e.g, morpholino, tetvahydropyranyl), optionally substituted amino (c g ,
mouno- or di-alkylamino (e.g., dimethylamine), formylamino).

As to aminoe of “optionally substituted amino”, "optionally substituted carbamoyl”,
or ‘“optionally substiluted carbamoylcarbonyl”, two substitucnts on the aming
together with the neighboring N atom may form an N-containing heterveycle which
optionally contains S and/or O in the ring {preferably 5- to %- membered ring or
saturated ring) and 1s optionally substituted with oxo or hydroxy The optiwenal S
atom in the ring may be substituted with oxo. The N-contatning hetervocycle is
preferably a 6- or 6-mewmbered ring such as pipevadinyl, piperidino, morpholino,

pyrrohidinoe, 2-oxepiperidino, 2-oxopyrrolidino, 4-hydroxymorpholino

“Phosphoric acid residue” means a group shown of the formula: -PO(OH):
"Optionally substituted phosphoric acid residue” means a phosphoric acid residue
wherein the OH part and/or a hydrogen of the OH 1s optionally substituted with a

phosphoric acid residue, preferably shown by the formula



R*
\P\ (P-1) ?j

(wherein, R* and ¥ each is independently ORC or NRYRE (wherein RY, RP and Rtare
each independently hydrogen, optionally substituted lower alkyl, optionaliy
substituted cycloalkyl, optionally substituted aryl, optionally substituted
helerocychic group, or RP and RF taken together with the neighboring N atom may
form an optionalily axlhgtil.uted heterocycle (preferably 5- to 6- membered ring)) or R )
and RY taken Logether with the neighboring P atom may form an optionally

substituted heterocycle (preferably 5- to 6- membered ring)).

Preferably, R* and RB are bothORC, or one of thein is ORCand the other 1s NRURFE,

R¢, RY and RE e¢ach 1s preferably, independently, lower alkyl (e g., methyl,
ethyl). .

The optionally substituted heterocycle formed by R4 and R¥ taken together

with the neighboring P atom may be the following structure:

(whevein, the broken jine means a part of the ring?

Hydroxy substituted with optionally substituted phosphoric acid residue s
preferably hydroxy substituted with a phosphoric acid residue substituted with <

lower alkyls, and more preferably a group of the formula-

0
i

.."\O/P\\o/’\
0
/

[r—

Amino substituted with optionally substituted phosphoric acid residue is

preferably amine subsuluted with a phosphoric acid residue substituted with dy lower
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alkyls, and move preferably a group of the formula

TN

[0008]
(More preferable embodiments)

R 1s hydrogen or lower alkyl, preferably hydrogen

‘X 1s a singlz bond, a heteroatom groupas\e)ecle.d from O, S, SO, SOz and NH
(hereafter also referred to as “AI"), or lower alkylene or lower alkenylenc each may be
intervened by the heteroatom  The term of “intervened by”.means the l'o)lowu.lg
cases. -
1) I'he heteroatom group is present between carbon atoms which constitates the
alkylene or alkenylene
2) The heteroatom group is attached to the N atom of the carbamoyl gioup

neighboring to X
3J) The heteroatom group is attached to R? neighhoring to X

The hetervatom group (M) may be the same or different, and ona or more atoms
Examnples of that lowner alkylene is intarvened by a heteioaton group include
‘M-CHz-, *CHz"M-CH)', -CH2*M-, and -CH2-M-M-CH.-

X is preferably a spacer consisting 1 to 3 joined atoms X 1s moe preferably lower

alkylene o1 lower alkenylene cach may be tntervencd by a heteroatom group, or 0. X

is most preferably C1 to C3 alkylene, C2 to C3 alkenylene, or Q. Especially preferied

15 methylenc or O.

R2is optionally substituted aryl, preferably pheayl. A substituent on the aryl s
the same or different, 1 to 3, preferably 1 to 2 substituent(s), including preferably
halogen, hydraxy, amino, lower alkylamino, cyano, carboxy, formyl, oxo, lower atkyl,
lower alkoxy, lower alkylthio, carbamoyl, and lower alkylcarbamoyl, and Substitucnt
group S1{: optionally substituted phosphoric acid residue, a1yl substituted with
optionally substituted phosphoric acid residue, aralkyl substituted with optionally
substitutedphosphoric acid residue, hydvoxyl substituted with optionally

substitutedphosphonie acid residue, amino substituted with aptienally



75~

substitutedphosphoric acid residue {said lower alkyl may be 1ntervened with a hetero

substitutedphosphonc acid residue, lower alkyl substituied with optionally

atom group(s) selected from O, §, SO, SOz, NR? (R¥1s independently selected from

the same substituent group for R1), ‘N= and =N-}, lower alkoxy lower alkyl, amide
lower alkyl optionally substituted with mane- or dilower alkyl, halagenated lower
alkyl, lower alkoxy, carbamoyl optionally substituted with mono- or di-lower atkyl,
optionally substituted lower alkylsulfonylamino, haiogeuatcd lower alkoxy, hydroxyl
lower alkyl), more preferably halogen,hydroxy,amino,cyano,lower alkyl, lower alkoxy
or Substituent group S1, and most preferred 1s halogen (e.g., F).and/or a group
selected from Subslituent grour.) S1. A substituent on the aryl 1s preferably at the
4-position. R? is more preferably phenyl or pheny! substituted with at least halogen,
and most preferably 4-halogenophenyl {c.g., 4-F-phenyl) In'anothcr embodiment,

R* s preferably phenyl optionally substituted with 1 to 3 R(s) mentianed below.

In all compounds of the present invention, the structuve of "-X-R2" 1s preferably

shown by the formula below:

=
e A

R cach is independently a group selected ftom halogen and Substituent giroup 31

Substituent group S1 optionally substituted phosphoric acid 1esidue. aryi
substituted with optionally substituted phosphoric acid residuc, aralkyl substituted
with oplionally substituted phasphoric acid residue, hydroxyt substituted with
oplionally substituted phosphoric acid residue, amino substituted with optionally
substituted phosphoric acid residue, lower alky! substituted with optionally
substituted phosphoric acid residue (said lower alky! may be intervened by a
heteroatom group(s) selected from CO, O, S, SO, $0:, NR= (R is hydrogen or lower
alkyl), -N= and =N-), lower alkoxy lower alkyl, optionally substituted amino lower
alkyl (the substituent. mono- or di- lower alkyl, lower alkylcarbonyl, or lower
alkylsulfonyl), halogenated lower alkyl, lower alkoxy, optionally substituted
carbamoyl (the substituent: mone- or di- Jower alkyl, lower alkylcarbonyl, or lower
atkylsulfonyl), optionally substituted fower alkylsulfonylamine, halogenated lower

alkoxy, and hydroxyl lower alkyl
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halogen. When m is 2, R s morv preferably the same or different group selccted -

m is an integer of O to 3, preferably O or [ to 2 when nis 1, R is preferably

from halogen, lower alkyl, lower alkoxy, lower allkoxylower alkyl, halogenated lower
alkyl, halogenated lower alkoxy, lower alkylsulfonylamine, carbamoyl, and lower
alkylearbamoyl. More preferably, R 1s two halogens, or halogen and another group

R preferably locates at the 4-position and optional another position of Lthe benzene

ring.

R4can be a various substituent w.hlch does not bring a negative effect to the
pharmacofogical activity, including hydrogen, halogen, hydroxy, optionally substituted
lower alkyl, oplionally substituted cyclqalkyl, optionally substituted lower alkenyl,
optionally substituted lower alkoxy, optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
heteroeyclic group, optionally substituted hcterocyc-leoxy, and optionally substituted
amino  Iixamples of substituent of "optionally substituted” include halogen, hydroxy,
amino, lower alkylamino, cyana, carboxy, formyl, oxo, lower'alkyl, lower alkoxy, tower
alkylthio, carbamaoyl, lower alkylcarbamoyl, acyl, heterocyehic group, lower ’
alkylearbonyl, loawer alkylcarhonyloxy, lower alkoxycurbonyl, halogenated lower alkyl,
halugenated lower alkoxy, and preferably halogen, hydroxy, amino, lower alkylamino.
lower alkyl, and lower alkexy RYis more preferably hydrogen, halogen, hydroxy,
lower alkyl, lower alkenyl, lower alkoxy, lower alkenylaxy or optionally substituted

amino, and most preferably hydrogen or lower alkyl (e.g., methyi), esp. hydiogen.

Z?shows C, CH, optionally substituted lower alkylene, lower alkenylene elc, and
Z?and Rtof Z! taken together form a ring, whereby compaound (I) shows a tricyche

compound (['1! or (I-11) shown bhelow, or its dervative, tetracyclic compound.

OH O
Q. —.
A N A\
PR \(” ¢
RJ Rld

A ring is optionally substituted heterocycle containing at least an N atom.  The
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preferably 2 to 3 atomns of O, S and/or N The heterocycle is preferably selected from

heterocycle 1s a 5° to 7-membered ring which contains preferably § to 3, more

the above heterccyele  The arc oplionally containg 1 to 2 heteroatom(s) at any
possible position.  Oue of preferable embodiments of A ring is an optionally

substituted ring shown helow.

, |
S S N
PORNN AN b

¢,

“

S
r‘e‘\N//\ ‘f;\ //\\\ 9r‘ \N’/\Z
3 //{‘\,J % -,—'/L\__/Z zz//L

(8) (h) (i)

(Z is CHq, O, S, 80, 802 or NR)

Aning s preferably a 1ing of (a), (b), or (¢}

Z1s prefevably O or NR1S,

When Z 15 NRY, examples of K2 usclude Hhydrogen, 2)optionaltly substituted
lower alkyl (the substituent 1s e.g., amino optionally substituted with xﬁmw' or di-
lower alkyl. cveloalkyl. hydroxy. optionally substituted heterocyclic group (preferably
5' to T-membered ring, c.g.. furyl, thienyl, thiazolyl, pynidil, morpholine, ymidazole:
examples of the substituent include lower alkyl, halogen)i optionally substituted
haterocyclecarbonyl (the heterocycle 1s preferably 5- to 7-membered ring, c.g.,
moipholinecurbonyl). uptionally substituted phenyl {the subsutuent 1s e g., lower
alkyl, amue, lower alkylamio, hydroxy, halogen, halogenated lower alkyl, lower
alkoxy, halogenated lower atkoxy, lower alkylthio, lower alkylsulfonyl), acetylamino,

carbamoyl, carbamoyl substituted with mono- or di- lower alkyl, lower
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alkylsulfonylamino, lower alkoxy, carbonyl, halogen, thicl, lower alkylthio), 3} lower
alkenyl, 4) acyl (c.g , lower alkylearbonyl), 5) lower alkylsulfonyl. R may be

-selected from Substituent group S2 shown below.

The other substituent on A ring may be selected from R15to Ri18or Substituent
group 52, preferably lower alkyl. Substituents on A ring may form a condensed.ring
or'a spiuro ring as mentioned below, whereby compound (!) includes.a tetracyclic

compound.

A ring s more preferably any of the following rings:

Rzol 27
RZI R RZH \ R
22

"’!\N s rej\N eéj\N A2

R29 36
/k \sz' /l\z \RJO A 4 \ 3’?
- Z/ R . T . R .
%, i _ Ry AW :

Z=0o0r Nit¥ Z=00r NRY 2'= O or NRYY
A “nn (A

(wherein, R# to R arc cach independently a group sclected from Substituent group
52, or any (wo groups of 829 to R4, which bonds to Lthe same carbon atom. taken
together with the carbon atom, may form a spwo rng, 1.e., an optionally substituted
carbocyle or optionally substituted heterceycle, or each cumbination of (129 aud R#2),
(R and R2Y, (R* and R, (R*7and R29), (R4 and RY), (Ri2and RIY, (L and R49),
(R¥7 and R3), and (R*%andR+), taken together with the neighbormg atom, may form

an optionally substituted carbocyle or optionally substituted heterocycle.

Substitution group $2. hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl, optionally
substituted lower alkenyl, optionally substituted lower alkoxy, optionally substituted
lower alkenyloxy, optionally substituted aryl, optionally substituted aryl lower alkyl,
optionally substituted aryloxy, optionally substituted heterocycle, optionally
substituted heterocycie lower alkyl, optionalily substituted heterocycleoxy, hydioxy,
optionally substituted amino, optionally substituted lowet alkylcarbony), optionally

substituted cycloalkylearbonyl, optionally substituted cycloalkyl lower alkyleavbonyl,
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optionally substituted lower alkoxycarbonyl, optienally substituted arylcarbonyl,
optionaily substituted aryl lower alkylcarbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, aptionally substituted
heterocycle lower alkylearbonyl, optionally substituted heterocycleoxycarbonyl,
optionally substituted aminocarbonyl, optionally substituted phesphoric acid residue,
ary! substituted with optionally substituted phosphoric acid residue, aralkyl
substituled with oplionally substituted phosphoric.acid residue, hydroxy substituted
with optionally substituted phosphoric acid residue, amino substituted with
optionally substituted phosphoric acid vesidue, or lo“:el' alkyl substituted with
optionally substituted phosphoaric acid residue (the lower alkyl may be intervened
with a hetercatom group(s) seiected from CO, O, S, SO, SO, NRS (R5is independently

sclected from the same substitution group as R4, -N= and =N-)

The stereochemistry of an asymmetric carbon represented by * shows the R-or 8-

configuration, or a mixture thereof)

In one embodiment, 1{3". to R© ea;:h is preferably hydrogen, optionally substituted
lower alkyl (examples of the substituent: OH, lower alkoxy, cycloalkyl, lower alkylthio,
lower alkylsulfonyl, heterocyche group, avyl, optionally substituiied amino {examples
of the substituent” lowe:r alkyl, acyl)), cycloalkyl, optionally substitinted aryl
{examples of the substituent’ OH, lower alkyl), and optionally substituited

heterocyclic group

In one embodiment, R20 ta R25, R?7 to R#, and R32 1o R, each is preferably

hydrogen, C1-C8 alkyl, C6-C14 aryl C1-C8 alkyl, C6-C14 aryl, or alkoxy.

In one embodiment, R#%, 9, and R®, each 1s preferably hydrogen, C3-6 cycloalkyl,
heterocycle, or C1-8 alkyl optionally substituted with hydroxy, C3-6 cycloalkyl, alkoxy,
heterocycle, heteroawyl, C6-14 aryl, or amino, wheremn said amino may be optionally

substituted with ~C{Q)C1-8 alkyl or C1-8 alkyl.
Moic Preferred embodiments are shown below far example

) When A ving is A°1, preferved is that 1) 2 is NR# and R* and R? taken together

form hetcrocycle, and the others are hydrogens. 2) Z is O or NR26, (R2¢ and R22) or
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(12 and R2) taken together form cycloalkyl which 1s substituted with phenyl, the

others are hydrogens or aptionally substituted lower alkyl.

[1) When A ving 15 A-2, preferred 1s that 1) Z1s O, R or R2% 15 lower alkyl, and the
othérs are hydroéensi 2) Z1s NR3Y and R™ and R3! taken together form heterocycle
and the others are hydirogens, or 127 and R2% taken together form cycloalkyl and the
others a1e hydiogens . 3) Z21s O, R¥ and R3 taken together form cycloalkyl which may

bc condenscd with phenyl, and the others are hydrogens

R' and Re<are each independently hydrogen, optionally substitutedlower alkyl,
optionally subsiituted cycloalkyl, uptionally substituted cyclc.)alkyl lower alkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, qptionaiiy
substituted lower alkenyloxy, optionally subs!:itul.ed aryl, optionally substituted aryl
lowerb alkyl, optionally substtuted aryloxy, aptionally substituted heterocyclic group,
optionally substituted helevocycle lower atkyl,-optionally substituted heterocycleoxy,
hydrexy, optionally substituted amino,optiouall).' substituted lower alkylcarbonyl,
optionally substitutc.d cycloalkylcarbonyl, aptionally substituted cycloalkyl lower
alkylcaibanyl, optianally substituted lower alkoxycarbanyl, uptionally substituted
arylcarbonyl, optionally substituted aryl lower hlkylcarbon_vl. opuonally substituted
arylaxycarbonyl, optionally substituted heteracyclecarbonyl, optionally substituted
heterocycle lower alkylearbouyl, optionally substituted heterocyeleoxycarbonyl,
optionally substituted aminocarbonyl, eptionally substituted phesphoric acid residue,
aryl substituted with eptionally substituted phosphoric acid residue, aralkyl
substituted with optionally substituted phesphoric acid residue, hydroxy optionally
substituted with optionally substituted phosphorie acid residue, amino substituted
with optionally substiuted phosphoiic acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid residue {the lower alkyl inay be intervened
with a heterotom group(s) selected from Q, S, SO, SOz, NR4(R# is hydrogen or lower
alkyl), -N=and =N-)

R'* and R~ are cach mdependently, preferably, hydrogen, hydroxyl, optionally
substituted lower alkyl {the substituent 1s prefevably, e g., amino, lower alky! amino,

hydroxy, lower alkoxy) R'4and R*aic preferably hydrogens

A broken hine in the compound (J-1) 1epresents the presence or absence of a bond,



provided that when the broken line vepresents the presence of a bond, RX is not

present.

{o009]

The compound {I) includes the following compounds.

(1-1)

0 S N
R NR! N o A .1-
N~ N p (1-1-1)

O HZ) HH

(wherein cach symbol 1s as defined above)

o )kﬂ)
RL_ _NR' N
x I ]/

(1-8)

g

I' ring means the same heterocycle as A riug, preferably 5° te 7-membered ring.

and the substituents on I" 1ing are the same as those for A ring

arec as defined above.

The other symbols
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(ivhercin each symbol 1s as defined abovei £ is O or NR% R13 to R' are each
independently hyérogcn or a group selected from the above Substituent group 52, or
each comnbination of (R and R), (R} and R13), (R and R18), and (R¥6 and R19) taken
together with the neighboring atom(s), may form an opuonall_\" substituted carbocycle
(preferably 5- to G'Inembex:ed ring) or an optionally substituted heterocyle {preferably

5 Lo 6-membered ring ); or each combination of (R% and R19) aud (R'7 and R") taken

together may fom oxo)

Compound (1'3) 1s preferably as follows.
(1) R 15 hydrogen: R? 1s hydvogen; m 1s 1 or 2; R' is hydrogen.
(2) m s 1 or 2, R is cach indapendently halogen, halogenated lower alkyl, lower alkoxy,
halogenated lower alkoxy lower alkoxy lower alkyl, hydroxy lower alkyl, optionalty
substituled amino lower alkyl (the substituent 1s mono- or di* lower alkyl, lower
alkylcarbonyl, or.lower alkylsulfonyl), optionally substituted carbamoyl ithe
substituent 1s mono- or di- lower alkyl, lower alkyleaibonyl, or lower alkylsulfonyD),
pliosphoric acid rvesidue, aryl substituted with optionally substituted phosphoric acid
residue, aralkyl substituted with optionally substituted phosphoric acid residuc or
sulfonylamine optmnall}; substituted with lower atkyl. L1 1s hydvogen: R! is hydrogen:
R 35 hydrogen, hydroxyl or lower allyl optionally suhstituted with mono or di- Jower
alkylamino, Z is O or NR19 (117 1s hydiogen or lower alkyl, lower alkoxy lower alkyl,
optionally substituted phosphoric acid resrdue, avyl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid vesidue, hydroxy substituted with optionally substituted phosphoric
acid 1emdue, ammo substituted with optionally substituted phosphoric acid residue,
or lower alky! substituted with optionally substituted phosphoric acid residue).
(3 15 cach independently, ‘F, -CFs, -OMe, -OCF,; -CH:0Me, -CH20H,
-CHiN(Mc),, ‘CONH!\'Ie. -CON{(Me)s.  -CHaPO(OEt):, -PO(OFt):, -NHSO:Me,
or -NAMcSO:-Me (R! is hydrogen: 83 1s hydrogen: m s 1 or 2, R141s hydrogen,
hydioxyl o1 -CH:N(Me)z: % 1s O or NRI?{R? 15 hydrogen or ‘CH(Me)z, -(CH2)20Me,
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{CHDPOOEND.
(4)1t5 and R'Sare hydrogens: 7 and R are hydrogens or taken together with the

neighboring atom form a 3- to 7-membered carboceyle; andfor Z is O or NII  This case

preferably also satisfys the above (2) or (3).

OH 0
[o) N N
R2 NR! 2 N D (1-11)
S~y
o R3

D ring means the saine hetérocycle as A ring, preferably 5- to 7-membered ring.

and the substitucnts on D ring are the same as those for A nng. The other symbols

are as-defined above.

The structure of comipound (1) has at least the following characteristics.
(1) The main structure, condensed heterocycle, is substituted with vxe (=0), hydroxyl
(OH) and oxo
(2) A substituted carbamoyl group (-CONR!XR4) is attached to the position

neighboring to the oxo group on the condensed hereocycle.

The above structure contributes to a4 remarkably potent integrase mhibitory
activity and/or cell-growth inhibitory activity against virus including HIV. In
contrast, the structures of the other parvts such as 24, 72, and R cach may be of

variety, being optionally substituted or optionally condensed, and its condensed ring

is also optionally substituted.

The present invention provides a pharmaceutically acceptable salt or a solvate of
compound (I}  All theoretically possible tautomer, geometrical isomer, ophcally
active compound, and racemate theveof are within the scope of the invention.

Pharmaceutically acceptable salts of a compound of the present invention include.
as basic salts, for example, alkali melal salts such as sodium or potassium salts:
alkaline-earth metal salts such as calctum or magnesium saltsi ammonium salts:
aliphatic amine salts such as trimethylamine, triethylamine, dicyclohexylamme,

elthanolamine, diethanolamine, t1iethanolamine or procame salts; aralkyl amine salts
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such as N, N-dibenzylethylenediamine salts; heterocyclic aromatic amine salts such
as pyridin salts. picoline salts, quinoline salts or isoquinoline salts, quaternary
ammonium salts such as tetramethylammonium salts, tetraethylammonium salts,
benzyltrimethylammonium salts, henzyltriethylammomum salts,
benzyltributylammonium salts, methyltrioctylammoniumn sults or
tetrabutylamimoniwn salts: and basic amino acid salts such as arginine salts or lysine
salts. Acid salts mclude, for example, mineral acid salts such as hydrochloride,
sulfates salts, nitrate salts, phosphates salts, carbonates salts, hydrogencarbonates or
perchlorate, organic acid salts such as acetates, propionates, lactates, maleates,
fumarates, tarvaric acid salis, malates, citr:ates salts, ascorbates, formuc acid:
sulfonates such as methanesulfonates, isethionates, benzenesulfonates, or
p-toltlengstllfonéres; and acidic amino acid salts such as aspartates or glutamates.

Solvates of a compound of Lthe present invention include alcholates and hydrates.

[oo121

- A general process for producing the present compound will be exemphfied

below, .

(Mcthod of preparing raw material)

{Chemical formula 41)
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{wherein L!1s a leaving group (e.g.; halogen); P! and P2 are a hydroxy protecung
group; PY is a carboxy protecting group {e.g.- lower alkyl), Raand R" are hydvogen or a

substituent on an amino group)

Examples of a hydroxy protecting group (P, P2) include acy! {e.g." acetyl,
pivaloyl, benzoyl), aralkyl {e.g.: benzyl), lower alkyl (c.g - methyl), alkoxyalkyl (e.g.:
methoxymethyl, methoxyethyl), lower alkylsulfonyl (c.g.: methanesulfonyl),

arylsulfonyl {e.g.: benzenesulfonyl, toluencsulionyl), atkoxyearbonyl {c.g..
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(wherein L! 1s a leaving group (c.g.; halogen); P! and P2 are a hydroxy protecting

group; P4 15 a carboxy protecting group {e.g.- lower alkyl), R*and R» are hydrogen or a

substituent on an amino group)

ixamples of a hydroxy protecting group (P!, P? mclude acyl {e.g.” acetyl,

pivaloyl, benzoyl), aralkyl (e.g.: benzyl), lower alkyl {e.g : methy)), alkoxyalkyl (e.g.:

methoxymethyl, methoxyethyl), lower alkylsulfonyl (e.g.: methanesulfonyl),

arylsulfony! {e.g.: benzenesulfonyl, toluencsulfonyl), alkoxycarbanyl (o.g.-
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methoxycarbonyl) and the like.

As a carboxy protecting group (P3), lower alkyl {e.g.. methyl, ethyl), and
aralkyl (c.g.- benzyl) are exemplified
[0013]

(First step)

The present step 1s a reaction for condensing a compound (II) and a
compound (lllj to synthesize a compound (IV). The reaction may be performed
according to the condition for a reaction of amidating carboxylic acid which is
generally performed A compound (11) may be reacted as it 1s, or may be reacted
after converted into correspanding acid chloride or active ester  Preferably, the
reaction 1s performed in a suitable solvent 1n the presence of a condensing agent.

Asa condensing agent, dicyclohexylcarbodiimide,
Iethyl-3-(3-dimethylaminopropyl)carboditimide hydrochloride and the like may be
used. If necessary, a reagent such as 1-hydroxybenzotriazole and
N-hydroxysuccinimide, or a base such as triecthylamine, N-methylmorpholine, and
pyridine may be added

A reaction temperature is 0 to 150°C, preferably room temperature to 70°C.

As a# reaction solvent, a non-protonic solvent can be broadly used, and
tetrahydrofuran (THF), 1,4-dioxane, dimethylformamide (DMF), methylene chlonde,
chloraform and the hke arce preferable.

A reaction time 15 a few minutes to a few tens hours, preferably 9 to 17 hours.

(Second step)

The piresent step s a reaction for intioducing a protected hydroxy group
(OPY) into a compound (IV) to pioduce a compound (V). The reaction may he
performed according to the condition for an alkoaylating reaction which 1s generally
performed,

For example, a compound (V) in which P! is methyl can be synthesized by
reacting a compound (IV) with metal alkoxide {e g : sodium methoxide)

A reaction temperature 1s Q to 200°C, preferably 80 to 120°C.

As a reaction solvent, aleohol, dimethylformamide (DMF), and dimethyl

sulfoxide (DMSQ) are exemplificd.

A vreaction tune is a few minutes to a few tens hours, preferably 5 to 10 hours.

(Third step)

The prescut step 1s a veaction [or protecting a hydroxy group of a compound



¥ 7

condition for a veaction of protecting a hydroxy group which is generally performed.

(V) to produce a compound (VI). The reaction may be performed according Lo the

For example, by using diisopropyl azodicarboxylate or diethyl azodicarboxylate
together with an alcohol and various phosphines, a compound (V) in which P? is alkyl
can be synthesized.

A rveaction températu ve is 0 to 100°C, preferably 0°C to room temperature.

As a reaction solvent, T'HF, toluene, dichloromethane and the like are

exemplified.
A reaction time 1s a few minutes to a few tens hours, preferably 1 (o 3 hours.

(Fourth step)
The present step is a reaction of oxidizing a nitrogen atom of a compoung (V1)

to produce a compound (VI[). The reaction may be performed according to the
condition for an oxidatlion reaction using an oxidizing agent which is generally
performed.

‘A reaction temperature is 0 to 100°C, preferably under ice-cooling to room
temperature.

As a reaction solveut, chloroform, methylene chloride, acetic acid and the like
are excinplified

Exawmples of an oxidizing agent include metachloroperbenzoic acid, hydrogen

peroxide and the like

A reaction timne is a few minutes to a few tens hours, preferably 1 to 5 hours.

(1 fth step)

The present step 1s a reaction for hydroxylating a methyl group of a
compound (VII). Preferably, after acetoxylation by a reaction with acetic anhydride
(rcaction temperature: 0 to 150°C, preferably 120 to 140°C), this may be hydrolyzed
(e.g.: treatment with a base (e.g.: alkali inctal hydroxide)).

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 2 hours

for acetoxylation, and 0.6 to | hour for hydrolysis.

{Sixth step)
The present step is a reaction for oxidizing a hydroxy group of a compound
(VIID) to synthesize a compound (1X).

A reaction temperature is 0 to 150°C, preferably 1oom temperature tu 70°C.
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As a reaction solveat, chloroform and the like are exemphfied
As an oxidizing agent, dimethyl sulfoxide and the like are exemphified

A reaction time 15 a fow minutes to a few tens hours, preferably 0.1 to 1 hour.

(Seventh step)
The present step is a veaction for oxidizing a formyl group of a compound (X}

to synthesize a compound (X).

A reaction temperature 1s 0 to 150°C, preferably under 1ce-cooling to rcom
temporature.

As a reaction solvent, an alcohol and the like are exemplified

As an oxidizing agent, potassium hydroxide and iodine are exemplified

A reaction time 1s a few minutes to a few tens hours, preferably 0.5 to 3

hours.

{Bighth step)
The present step 1s a reaction for deprotecting an OP? part of a compound (X)

to synthesize a compound (X1). The reaction may be perforimed according to the

condition for a reaction of deprotecting a hydroxy piotecting group which is generally

performed.

A reaction temperature 1s 0 to 150°C, preferably under ice-cooling to roumn

temperature,
As a reaction solvent, acetonitrile, methylene chlaride, THI® and the like arc
exemplified.

A reaction time 1s a few minutes to a few tens hours, preferably 1 to 3 hours

(Ninuth step)
The present step 1s a rcaction for deprotectiug an OP part of a compound

(XD to synthesize a compaund ({-A) The reaction may be treated preferably with a

Lewis acid (e g.: aluminum chioride)
A reaction temperature 1s Q to 150°C, preferably 10 Lo 50°C,
As a reaction solvent, methylene chloride, THI and the hike are cxemphfied

A reaction time 1s a few minutes to a few tens hours, preferably 1 to 3 hours.

(Tenth step)
The present step 1s a 1eaction for deprotecting an ester pait {COODP¥) of a



&

compound (X) to synthesize carboxyhic acid (X1}, Preferably, hydrolysis with an
alkah (e.g.- NaOH) may be performed.

A reaction temperature is 0 ta 150°C, preferably 10 to 50°C

As a reaction solvent, methanol, water and the hke are exemplified.

A reaction time is a few minutes to a few tens hours, preferably a few

minutes to 2 hours.

Carboxylic acid (X11) can be converted into varous derivatives {c.g.; amide),

(Eleventh step)

The present step is a reaction for reacting a compound (XII) with various
amines to synthesize a compound (XIH}. The reaction may be performed according to
Lhe condition for a reaclion ofamidatm.g carboxylic acid which 1s generally performed
and, for example, the reaction inay be performed as in the first step.

A reaction temperature 15 0 to 150°C, preferably room temperature to 70°C

As a reaction solvent, a non-protome solvent can be broadly used, and
tetrahydrofuran (THF), 1,4-dioxane, dimethylformamide (DMF), methyl.cne chloride,
chloroform and the like arc preferable.

A reaction fime 15 a few minutas to a few tens hours, preferably a few
minutes to 3 hours.

An amide part of the resulting compound (XI11) may be further chemcally

modified (e.g.: N-alkylation).

(Tweltth step)

The present step is a reaction for deprotecting OP!and OP? parts of a
compounad (XHI) to synthesize a compouud (I-B). The reaction may be performed
according to the condition for a reaction of deprotecting a hydroxy protecting group
which is generally performed.

For example, when pyridine hydrochloride 1s used, a reaction temperature 1s
0 to 200°C, preferably 150 to 180 degree

A reaction time is a fow minutes to a few tens hours, preferably 1 to 5

minutes,

(Thirteenth step)
The present step is a reaction for deprotecting an estev part (COOPY of a

compound (XI) to synthesize carboxylic acxd (XIV)  Preferably, hydrolysis with an



alkah {c g.: lithium hydroxide) may be performed
A reaction temperature is 0 to 150°C, preferably 10 to 50°C.
As a reaction solvent, methanol, water and the like arc exemplified.

A reaction time is a few minutes to a few tens hours, preferably a few

minutes to 3 hours.

(Fourteenth step)

The present step is a reaction for deprotecting an OP! part of a coimnpound
{X1V) to synthesize a compound (I'C). The reaclion may be treated preferably \\;xtlx a
Lewis acid (e.g.: boron tribromide).

A reaction temperatuuc is 0 to 150°C, preferably under 1ce-cooling to room
temperature.

As a reaction solvent, dichloromethane and the like are exemplified.

A reaction time is a few minutes to a few tens hours, prefcrably a few
minutes to § hours.

[oo14])

" The monocyche curbamoylpyridone derivative obtained above is derived tnto a

bicyclic compound by the following method.

(Process 1)

[Chemtcal formula 42)
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(wherein R, X, R2 1, P4 and R arc as define above, and L2 is a leaving group such

as halogen etc)

(Fiftecnth step)

The present step 1s a reaction for rescting the compound (XI) or a compound
(XI) which is a taulomer thereoi with an ally} compound te synthesize a compound
(XV) A compound (XI') can be synthesized, for example, according to the method of
Example A- L.

The reaction 1s performed preferably in the presence of a base (e.g - cesnumn
carbonate) )

A rcaction temperature is 0 to 100°C, preferably 10 to 40°C.

As a reaction solvent, dimethyiformamide and the like are exemplified.

A reaction time s a few minutes to a few tens hours, prefexably 1 to 10 hours
(Sixteenth step}

The present step 1s a reaction for oxidizing a compound (XV) to synthesize a
compound {XV1)  As an oxadizing agent, osmium tetraoxide and alkali metal osmium

tetraoxide (¢ . K20s04) are exemphhed.

af
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A reaction temperaturwe 1s U to 100°C, preferably 10 to 40°C.

As a reaction solvent, 1,1-dioxane, tetrahydrofuran and the like are

exemplified.
A rcaction time is a few minutes to a few tens hours, preferably I to 5 hours.

(Seventecenth step)

The present step is a reaction for reacting a compound (XVI) with amine
(XVID to perform dehydration condensation to synthesize a éompound (XVIII).

A reaction temperature is 0 to 200°C, brcferably 140 to 180°C.

As a reaction solvent, mathylene chloride, acetonitrile and the like are
exemplified.

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 1.5

hours.

(Eightcenth step)
The present step is a reaction for deprotecting a‘compound (XVII) preferably

with an acid to synthesize a cc;mpound {XIX), and may be performed according to the
condition for a conventional reaction of.deprotecting a protected hydroxy group.

A reaction temperature 1s 0 to 200°C.

As an acid, pyridine hydrochloride, trifluoroacetic atid and the hike are
exemplified.

As a reaction solvent, the acid and trimethylsilyl rodide arc exemplified

A yeaction time 15 a few minules to a few tens hours, preferably 15 minutes to

1 hour.

(Ninetecnth step)

The prescnt step 1s a veaction for reducing a compound {(XV11D) to synthesize
a compound (XX)

As a 1cducing agent, Ho/Pd - C and the hike are exemplified.

A reaction temperatuer is 0 to 100°C, preferably 10 to 30°C.

Asa reqction sovelnt, dimethylformanude, methanol, tetrahydrofuran and
the like are exemplified. ’

A reaction time 1s a few minutes Lo a few tens hours, preferably 5 to 20 hours
loo1s]
(Process 2)
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The intevmnediate (XVI) may be also synthesiced by a method shown below

[{Chemical formula 43]
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(I'wenticth step)

The present step is a reaction for reacting a compound (XFV) with a
compound (X)&l) to synthesize a compound (XXI1). The present reaction may be
performed according to Lhe condition for a conventional amidation reaction.

A reaction temperature is 0 to 100°C, preferably 0 to 50°C

As a reaction solvent, dunethylformamide, methylene chloride,

tetrahydrofurun and the ike are excmphified

A reaction time 1s a few minutes to a few tens hours, preferably 1 to 10 hours.

{Twenty -fivst step)

The preseut step 1s a reaction for reacting a compound (XXID) with an acid to

perform deprotection and intramolecular ring closure, to synthesize 2 compound
(XXI1H). The present reaction may be performed according to the condition for a
conventional reaction of deprotecting acetal

A reaction temperature 1s 0 to 100°C, preferably 10om temperature to 80°C.

As a reaction salvent, dioxane, tetrahydvofuran and the hke are exemplified

A reaction time is a few minutes to a {ew tens howrs, preferably 0.5 to 1 hour

As an acid, hydrochloric acid, and paratoluenesulfonic acid are exemplhified

(Twenty -second step)

The prescat step is a vreaction for dehydrating a compound (XX11I) to
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synthesize a compound (XXIV)  ‘The present reaction may be pefermed according te

the condition for a conventional dehydration reaction
A reaction temperature 1s 0 to 100°C, preferably room temperature to 80°C
As a reaction solvent, acetomitrile, methylene chloride and the like are
excmplified.
A reaction time.is a# fow minutes to a few tens hours, preferably 1 to 5 hours.
loois]
(Process 3)
{Chemnical f(;l‘nll\la 44}
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(Twenty-third step)

The prescnt step 1s a reaction for reacting a compound (XVI) with amine

(XXIV) to perform dehydration condensation to synthesize a compound (XXV)
according to the seventecnth step or a method of synthesizing a compound 17-1.
- Prefcrably, as a reaction catalyst, an acid {e.g.’ acetic acid) 1s added, and a microwave
reaction apparatus is used.
A reaction tenperature 1s 0 to 200°C, preferably 140 to 180°C.

As a reaction solvent, methylene chloride, acetonitrile and the like are

exemplified.

A rcaction time is a few minutes to a fow tens hours, preferably 0.5 to 1.5

hours.

(Mwenty-fourth step)
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{
T'he present step is a reaction for deprotecting a compound (XXV) preferably
with an acid to synthesize a compouad {(XXVI) according to the eighteenth step, and
may be performed according to the condition for a conventional reaction of
deprotecting a protected hydroxy group.
A reaction tempralure is 0 to 200°C.
As an acid, pyridine hydrochloride, trifluoroacetic acad and the like are

excmplified.
As a reaction solvent, the aforementioned acid and trimethylsilyl 1odide are

exemplified
A reaction time 1s a few minutes to a few teus hours, preferably 15 minutes to
1 hour.
{0017]
'(Process 4)

[Chen;xcal formula 45] .
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(Iwenty-fifth step)

The present step is a reaction for reacting a compound (XIV) with a
compound {(XXIV) to synthesize a compound (XX\VII) according to the twentieth step.
The prescnt reaction may be performed according to the condition for a conventional
amidation reaction.

A teaction temperalure is O to 100°C, preferably 0 to 50°C.

As 4 reaction solvent, dimethylfermamide, methylene chloride,
tetrahydrofuran and the hke are exemplified. k

A reaction time is a few minules to a few tens hours, preferably 1 to 10 hours

{Twenty-sixth step)

The present step is 2 veaction for reacting a compound (XXVII) or a tautomer
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thercof with an allyl compound to synthesize a compound (XXVIII} according to the
fifteenth step.

A reaction 1s performed preferably 1n the presence of a base (e.g * cesium
carbonate).

A reaction temperature 1s 0 to 100°C, preferably 10 to 10°C.

As a reaction solvent, dimethylformamide and the like arc exemplified

A reaction time is a few minutea to a few tens hours, preferably 1 to 10 hours.

{Iwenty-seventh step) )
The presant étep 15 a veaction for oxidizing a compound (XXVILD to
synthesize a compound (XXIX) according to the sixteenth step
VAs an oxidizing agent, osmiwm tetraoxide and alkalr metal osmium tetraoxide
(c.g.: K20s0,) are exemplified.
A reaction temperature is 0 to 100°C, preferably 10 to 40°C.
As a reaction solvent 1,41-dioxane, tetrahydrofuran and the like are

“exemplified

A reaction time 1s a few minutes to a few tens hours, preferablky 1 tu 5 hours

(Twenty-eighth step)

The present step is a reaction for dehydvation-condensing a compound (XX[X)
to synthesize a compound (XXX) according to Lthe seventcenth step or a method of
synthesizing a compound 17-1. DPreferably, as a reaction catalyst, an acid (e.g.- acetic
acid) is added, and a microwave reaction apparatus is used.”

A reaction temperature 1s 0 to 200°C, preferably 140 to 180°C.

As a reaction solvent, methylene chloride, acetonitrile and the hike are

exemplified

A reaction Lime is a few minules Lo a few tens hours, preferably 0.5 to 1.5

hours.

(Twenty-ninth step)

The preseut step is a reaction for deprotecting a compound (XXX} preferably
with an acid to synthesize a compound (XXXI) according to the eighteenth step, and
may be peformed according lo the condition for a conventional reaction of deprotecting
a protected hydroxy group.

A reaction temperature is 0 to 200°C.
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As an acid, pyridine hydrochloride, trifluoroacetic acid and the like are

excmplified.

As a reaction solvent, the aforementioned acid and trimcthylsilyl 10odide are

exemplified.

A reaction time 1s a few minutes to a few tens hours, preferably 15 minutes to

1 hour

[oo18]
(Process 5)

A compound (‘1'3) in which Z is NR1 can be synthesized accérdmg to the
following reaction scheme, according to Process 4.

{Chemieal formula 48}
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(Process 10)

LChemacal formula 511
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Stop 51

Step 50

{XIV-17) (xiv-g)

(wherein respective symbols are as defined above)

(Forty-ninth step)
A compound (XIV-16) is obtained by reacting a compound (XIV} with an

amine reagent, according to the thivty-fifth step.

{I*iftieth step)
A compound (X1V-17) 1s obtained by subjecting a compound (XIV-16) to a

general acetal deprotecting reaction accordimng to the forty-fourth step

(Fifty-first step)
A compound (XIV-18) is obtained (D ring formation) by deprotecting a P! part

of a compound (XIV 14) according to the thirty-eighth step

[o0z0]

The present invention further provides various intermediates (I-P) shown
Lelow and a process for prepanng the same, as well as a process for preparng the

above mentioned compound (I} comprising the deprotection of the itermediate

{Intermediates)



(P! is a hydroxyl-protecting groups the other symbols are as defined above)

Preferred compounds are shown below Each P!is a hydroxyl-protecting group, such

as Ce 14ary1Cy salkyl (e.g , benzyl (=Bn)).

o] at
= O n
Re\!‘vj\-—ﬁ' X r"‘/\/:L‘OX
H
0 {1-200)

Preferably, wherein Re is one or two halogen: R: 1s Cyasalkyl, CawmarylCisalkyl,

Cs 1maryl, or alkoxy, and P! 1s Cq 11aryiCi-salkyl;

P\O o .
PN O\‘ \|)LN/(\
RL\’;/”‘\/“\«J\/N \0’
H
° {1-20b)

Preferably, wheretn Re 1s one or two halogen: R« 1s Cyaalkyl, Cy 14arylCrgalkyl,

Co niaryl, or alkoxy: and P'1s Cs narylCi salkyl:

P\ o
> O’y N H
L hooH
ne Lo~ N x-N : N\J
o Ho

([-21a)

Preferably, wherein Re is onc or two halogen, and Phas Ce viavylCy salkyls



e\‘,\/ e

0 I-210)

N
Z<’F
:z
z
‘T

Preferably, wherein Re is one or two halogeni and P! is Co 1iaeyliCy salkyli

(I-22a)

VPreferably, whercin Re is one or two halogen; and P1is Co 1aarylCy salkyl,

(1-22b)

Preferably, wherein Re is onc ur two halogen; and P! s Cs niarylC aalkyl.

(1-23a)

Preferably, wherein Re 1s one or two halogen; and P! is Cu-14arylCi galkyl.

P‘\O E
ST o\ Wy N H
H.L'Q/ﬂ\/n\ﬂ/]:"\‘\/ft\r{b
o {1-23b)

Preferably, wherein Re 15 one or two halogen, and P! is Co iarylCy salkyls
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Q \’/lLN/.\

Ol )
Rt \/L\/N\n/ \\\,N\),i‘\'ﬂ"
o R (1-24a)

Preferably, wherein Re 1s one or two halogen; I+ 1s Cisalkyli R4 1s hydrogen,
Caucycloalkyl, , heterocycle, or Crsalkyl optionally substituted - with hydroxy.
Cs acycloalkyl, alkoxy, heterocycle, heteroaryl, Co 11aryl, or amino, whercin said amne

may be optionally substituted with ~C(Q)C) salkyl or Cisalkyl;

o 0o #
- o A
< l H N
R"'V\ \/N \,N.v/}\N,
H ﬁn
0 (1-241)

Preferably, wherein Re is onc 'or two halogen: R+ s Cysalkyl. R-' s hydrogen,
Cigcycloalkyl, , heterocycle, or Cisalkyl optionally substitated with hydroxy,
Ca-seycloalkyl, alkoxy, heterocycle, heteroaryl, Ce1saryl, or amino, wherein said anuno

may be optionally substituted with ~C(O)Cysalkyl or Cisalkyll znd P! is

Co 11avylCraalkyli

1
P\o o P
R- N \/N\/‘\N
0 Hp

R (1-25)

Preferably, whervein Re is one o Lwo halogen: R# is hydrogen, Ciccycloalhyl, |
heterocycle, or Cisalkyl optionally substituted with hydroxy, Cascycloalkyl, alkoxy,
hetevacycle, heteroaryl, Cu masyl, oy anuno, wherein said amimo may be optionally

substituted with —-C(Q)Cy-palkyl or Cy salkyliand P1is Cg 11arvlCisalkyl:
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! H Y
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Preferably, wheiein R¢ 1s one or twe halugen: R} is hydrogen, Cascycloalkyl, .

(1-28)

heterocycle, or Cisalkyl optionally substituted with-hydroxy, Ciscycloalkyl, alkoxy,
heterocycle, heteroaryl, Csisavyl, or aming, wherein said amine maj' be aptionally

substituted with —C(Q)Cy salkyl or Cisalkyl: and P! is Cs-1sarylC) salkyl.

PL‘o o}
e o AN F
Dy
o]

Iz
Preferably, wherein Reis halegeni and P1is Cg arylCr salkyl.
The above intermediates, compound ([-20a). (I-20b), (I-21a), (I-21b), (I-22a), (1-220),

(1-23a), (I-23b), (I-24a), (1-24b), (J-25), (I-26), or ([-27", can be prepared by condensing

a compound of the formula

P~
L N o
Rl.\:“{\/l‘\/N e N

0O CHO

wherein R 1s one vr two halogen. and R® 5 Cy galkyl.

with cach amine shown below, respectively-
R!
—~
H,NT Y
OH

wherein R#1s Cy salkyl, Co 11avy1Ci salkyl, Coasaryl, or alkoxy.
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NH,

wherein R4 15 Cisalkyli R« is hydrogen, Caccycloalkyl, , héterocycle, or Ciasalkyl
optionally substituted with hydroxy, Casecycloalkyl, alkoxy, heterocycle, heleroaryl,
Ci saryl, or amino, wherein said ammo may be optionally substituted with

~C(0)C, salkyl or Cisalkyl:

A
quﬁ
H

21

-2

wherein 11* 1s Cisalkyli R/ 1s hydrogen. Ciscycloallyl, , heteroeyele, or Cisalkyl
optionally substituted with hydroxy, Ciuwcycloalkyl, alkoxy, hetcrocytle, heteroaryl
Comaryl, or amino, wherein said amino may be optionally substituted with

—C(O)C, salkyl or Cy anlkyl:

NH fi il,n

O
wherein R4 is hydrogen, Ciscycloalkyl, , heterocycle, or Ciraulkyl optionally
substituted with hydroxy, Ciweycloalkyl, alkoxy, heterocyele, heteroaryl, Co 1iaryl, or
amino, wherein said anino may be optionally substituted with ~C(O)C;salkyl o1

Casalkyl,
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wherein R*! is hydrogen, Ciccycloalkyl, , heterocycle, or Cisalkyl optionally
substituted with hydroxy, Csccyclealkyl, alkoxy, heterocycle, hetevoaryl, Ce iiaryl, or

amino, wherein said amino may be uptwonally substituted with —C()Crsalkyl or

Ci salkyl,

The condition for the above condensation is illustrated below for example.

Examples of the solvent include ‘halocarbons such as dichloiomethane,

dichloroethane, and acetic acid. -

The reaction temperature 1s preferably, 0 to 200 *C, more preferably, 50 to 170C

The reaction time is usuvally several minutes to several hours,

The above intermediates, compound (I-20a). (1-20b), (I-21a), (I-21b), (I-22a),
(1-220), (1-23a), (I-23b), (1-24a), (1-24b), (1-25), (1-26), ov (1-27), can be deprotected to
give each corresponding deprotected compound wherem Pt s hydrogen, o1 its
pharmaceutically acceptable salt, which arc encompassed within the scope of

compound (I) of the present invention. -

In addition, the present compound obtained above may be fuither chemucally
modsfied to synthesize another compound. In addition, when there 1s a reactive
functional group (c.g.: OH; COOH, NH1) on a side chan part etc. in the above reaction,
the group may be protected before the reaction and may be deprotected after the

reaclion, if desired.

‘The present compound is useful, for example, as a drup such as an anti-virus
drug. The present compound has the remarkable imhibitory action on integrase of a

virus, Thercefore, the present compound can be expected to have the preventive or
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therapeutic effect for vailous discases derived from a virus which produces at least
mtegrase, and s grown at infection n an amamal cell, and is useful as an integrase
inhibiting agent for retrovirus {e g. HIV-1, HIV-2, HTLV-1, SIV, FIV c‘tc.), and is
useful as an anti-HIV drug ete.

In addition, the present comnpound may be used 1n joint use therapy by
combining an anti-HIV drug having the different action methanisin such as a veverse
trascriplase inhibiter and/or a pratease inhilnting agent. Particularly, currently, an
integrase mhibiter is not markcted, and it 1s useful to use in joint use therapy by
combx;ling the present compound with a reverse transcriptase inhibiter andfor a
protease mhibiter.

Further, the above use includes not only use as a medical mixture fov
anti-HIV, but also usc as a joint use agent for increasing the anti-HIV acuvity of
other anti-H1V drug such as cocktail therapy.

In addition, the present compound can be used 1in vrder to prevent infection
with a retrovirus vector from spicading into a Lissue othet than an objective tissue,
upon use of a ret:rovirus vector based on HIV or MLV in the field of gene therapy.
Parvticularly, when a cell 1s intected with a vector in vitre, and the cell is returned inlo |

-a body, if the present compound is administered in advance, extra infection can be

prevented in a body

The present compound can be adminitetered orally or pareaterally  In the
case of oral admunistration, the present compound can be also used as a conventional
preparation, for example, as any dosage form of a solid agent such as tablets, powders,
granules, capsules and the like; an aquecus agent; an oily suspension; or a hiquad
agent such as syrup and elixair  In the case of parenterval administration, the present
compound can be used as an aqueous or oily suspension injectable, or a nasal drop.
Upon prepalatian of it, conventional excipients, binders, lubricants, aqucous solvents,
oily solvents, emulsifiers, suspending agents, preservatives, stabilizers and the hike
may be arbitrauly used. As an anti-HIV-drug, particularly, an oral agent is
preferable A preparation of the present invention 1s prepared by combiming (e.p.
mixing) a therapeutically effective amount of the present compound with a
pharmaceutically acceptable carrvier or diluent

A dose of the present invention s diffevent depemding on an admimistration
method, an age, a weight and conditionn of a paticnt, and a kind of a diseasc and,
usualiy, tn the case of oral admmastraton, about 0 05mg to 3000mg, preferably about

O.1mg to 1000mg may be administered per adult a day, 1f necessary, by dividing the
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1) Mantol 1 (189g, l.f;mol) was dissolved 1n dimethylformanude (1890m1), and benzy)
bromide (184mi, L.6imnol) was added  After the solution was stirred at 80°C for 15
minutes, potassium carbonate (228g, 1.66mol) was added, and the mixture was
stirred for 1 hour. After the veaction solution was cooled o room temperature, an
inorganic salt was filtered, and the filtrate was distilicd off under reduced pressure.
To the agan precipitated inovganic salt was added tetrahydrofuran (1000ml), this was
filtered, and the filtrate was distilled off under reduced piressure to obtain the crude
product (329g, >100%) of 3-benzyloxy-2 methylpyran-4-one 2 as a bw“ n oil.

NMR (CDCL)S" 2 09(3H, s), 5.15(2H, &), 6.36(1H, d, =5.6Hz), 7.29-7.41(5H, m),
7.60(1H, d, J=5.611x).

2) The compound £ (162.2g, 750mmol) was dissolved 1n ethanol (187ml), aid aqueous
ammoma (28%, 974m1) and a 6N aqucous sodium hydroxide solution (150ml,
900mmol) were added  After the reaction solution was stirred at 90 °C for 1 hour,
‘this was cooled to under ice-cooling, and amimonium chloride (58g, 1080mmol) was
added. To the reaction solution was added chloroform, this was extracted, and the
organic layer was washed with an aqucous saturated sodium bicarbonate solution,
and dried with anhydrous sodium sulfate. The solvent was distilled off under
reduced pressure, 1sopropy! alcohol and diethyl ether were added to the residue, and
precipitated crystals were filtered to obtain 3-benzyloxy-2-methyl-1H pyridine-1-one 3
(69.1g, 43%) as a pale yellow crystal.

NMR (DMSO-de)6: 2.05(3H, s), 5.04(2H, s), 6.14(1H, d, J=7 OHz), 7.31-7.42(5H, m),
7.46(1H, d, J=7.2Hz), 11.29(1H, brs).
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3) The above compound 3 (129g, 59%mmol} waus suspended in acetonitrile (1300ml),
and N-bromosuccinic acid imide {117g, 65%ninol) was added, followed by stirring at
room temperature for 90 minutes. Precipitated crystals were filtered, and washed
with acetonitrilc and diethyl éther to obtamn

3-benzyloxy -5-bromo-2-methyl pyndine-4-ol 4(154g, 88%) as a colorless erysial.
NMR (DMSO-dwé- 2 06(3H, s), 5.04(2H, s), 7.32-7.42(6H, m), 8.03(1H, d, J=5 5Hz),
11.82(1H, brs)

4) To a solution of the compound 4 (88¢g, 300m{nol), palladium acetate (13.4g, 60mmol)
and 1,3-bis{diphenylphosphino)propane (30.8g, 516mmol} in duncthylformamide
(660ml) were added methanol (264ml) and triethylamine (210ml, 1.5mol) at roon
temperature. The interior of a reaction vessel was replaced with carbon monoxide,
and the material was stirved at room temperature for 30 minutes, and stirred at §0
degree for 18 hours A vesse! to which ethyl acetate (1500ml), an aqueous saturated )
ammonium chloride solution (1500m1) and water (1500mi) had been added was stirred
under ice-cooling, and the reaction solution was added thereto  Piecipitates were
filtcred, and washed with water (300ml), ethyl acetate (300mD) and diethyl ether
(300m1l) to obtain 5-benzyloxy-4-hydroxy-6 methyl-micotinic acid methyl ester § (14.9g,
55%) as a colorless cyystal. '

NMR (DMSO du)b: 2 06131, s), 3.72(3H, s), 5.02(2H, s), 7 33-7.42(6H, m), 8.07(1H, s).

5) After a solution of the compaund 5 {19.1g, 70mmol) in acetic anhydiride (134mi) was
stirred at 130 °C for 40 nunules, the solvent was distilled off under reduced pressure
to obtain 4-acetoxy-5-benzyloxy-6-inethyl-nicotime acid methyl ester 6 (19.9g, 909%) as
a flesh colored crvstal _

NMR (CDCI1)8: 2 29(sH, &), 2.62(3H, s), 3.89(311, 5), 1.98(2H, s), 7 36-7.41{5H, w),
8.85(1H, s)

6) 'To a solution of the compound & (46.2g, 147mmol) in chloroform (370ml) was added
metachloroperbenzoie acid (65%) (42 8g, 16 Linmol) in portions under ice-cooling, and
this was stirred at room temperature for Y0 nunutes. To the reaction solution was
added a 10% aqucous potassium carhonate solution, and this was stirred for 10
minutes, followed by extraction with chlorofoim. The organic layer was washed with
successively with a 10% aqueous potassnum carbonate solution, an aqueous saturated

ammonium chlurle solution, and an aqucous saturated sodium chloride solution, and



dried with anhydrous sodium sulfate The solvent was distilled off under reduced
pressure, and the residue was washed with dusopropyl ether to obtain
4-acetoxy-5-benzyloxy-6-methyl-1-oxy-nicotinic acid methyl ester 7 (42.6g, 87%) as a
colorless crystal.

NMR (CDCI1)6 2.30(3H, s}, 2 41(3H, s), 3 90(3H, s), 5.02(2H, s), 7.37-7.39(5H, m),
8.70(1H, s)

7) To acetic anhydride (500m]) which had been heated to stir at 130 °C was added the
compound 7 (42.6g, 129mmol) over 2 mimtues, and this was stirred for 20 minutes.

"The sovent was distilled off under reduced pressure to obtain

4-acetoxy-6-acetoxymethyl-5-henzyloxy-mcotinic acid methyl ester 8 (49 6g, >100%) as.

a black ail. ) )
NMR (CDCl1a)$8- 2.10(3H., s), 2.28(3H, s), 3.91(3H, s}, 5.07(2H, s), 5.20(2H, &),

7.35-7.41(5H, m), 8.94(1H, s).

8) To a solittion of the compound § (16.8g, 125mmol) i mcthanol (140ml) was added a
2N aqueous sodium hydroxide solution (376inl) under ice*cooling, and this was stirred
at 50 °C for 10 minutes. To the reaction solution were added diethyl ether and 2N

- hydrochloric acid under ice covling, and precipitated crystals were filtered.

Resultmg crystals were washed with water and diethyl ether to obtain

S5 beneyloxy-4-hydroxy-6-hydroxymethyl-mcotinic acid 9 (23 3g, 68%) as a colorless
crystal.

NMR (DMSO-dué: 1.49(2H, ), 5.19(2H, s), 5.85(1H, brs), 7 14-7 20(2H, m),
7.33:7.43(7H, m), 8 30(1H, s), 10 73(1H, t, J=5.8H=), 11.96(1H, brs).

9) To a solution of the compound 9 (131g, 475mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (219¢, 1140mmol) and
1-hydroxybenzotriazole (128g, 950mmol) in dimethylformamide (1300ml) was added
4-fluorabenzylamine (1091, 950mmol), and this was stirred at 80°C for 1.5 hours
After the reaction solution was cooled to room temperature, hydwehloric acid was
added, followed by extraction with cthyl acetate The extract was washed with a 5%
agqueous polassium carbonate solution, an aqucous saturated ammonmum chloride
solution, and an aqueous saturated sodiwm chloride solution, and dried with
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure to

nbtam a mixture (175g) of 10 and 11. the vesulting mixture was dissolved in acetic

111
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acid (1050ml) and \.va(:er (1050ml), and zinc (31 1g, 475mmol) was added, followed by
heating to reflux for 1 hour. After the reaction solution was cooled to room
tempreture, a 10% aqucous potassium carbonate solution was added, followed by
extraction with ethyl acetate. The extract was washed with an aqueous saturated
ammonium chloride solution, and an aqueous saturated sodium chloride solution, and
dried with anhydrous sodium sulfate. After the solvent was distilled off under
reduced pressure, this was washed with diethyl ether to obtain .
5-benzyloxy-N-(4-fluoro-benzyl)-4-hydroxy-6-hydroxymethyl-nicotinic acid amide 10
(107g, 59%) as a colorless crystal. .

NMR (DMSO-do)6: 4.45(2H, d, J=4.3Hz), 4.52(2H, d, J=5.8Hz), 5.09(2H, s), 6.01(1H,
brs), 7.36-7.43(6H, m), 8.31(1H. s), 12.63(1H, brs).

10) After mzmganesc-: dioxide {49g) was added tc a suspension of the compound 10,

(9 8g, 25.6mmol) in chloroform (490ml), the mixture was stirred at room temperature
for I hour After the reaction solution was sturred at 60 °C for 20 mmnutes, Celite
filtration was performmed, and this was washed with chloroform heated at 60 °C The
filtrate was distilled off under reduced pressure to obtain

5-Lenzyloxy N-(4-fluoro-benzyl)-6-formyl-4-hydroxy-nicotinic acid amide 12 (8.4g,
81%) as a pale yellow crystal

NMR (DMSO0-dd)8: 4.53(2H, d, J=5.8Hz), 5 38 (2H, s), 7.15-7 21{2H. ), 7T 35 7 46(TH,
m), 8.33(1H, s), 9.90(1H, s), 10.35(1H, t, J=5.811), 12.49(1H, brs)

11 To an aqueous solution {105mi) of sodium chlorite (7.13g, 78.8mmol}, and sulfamic
acid (7.65g, 78.8mmol) was added a solutien of the compound 12 (15.0g, 39.4mmol} 1n
tetrahydrofuran (630ml) under ice-coling, and the mixture was stured at room
tempevature for I hour After water (2500ml) was added to the reaction solution,
precipitated crystals were filtered. Washing with diethyl ether afforded
3-benzyloxy-5-(1-fluoro-benzylcarbamoyl}-4-hydroxy-pyridine-2-carboxylic acid 13

(i1 0g, 90%) as a colorless crystal

NMR (DMSO-da)6: 4.52(2H, d, J=5.8Fz), 5.13 (21, 8), 7 14-7.19(2H, m), 7.31 7.40(5H,
m), 7.47-7.49(2H, m), 8 31(1H, d, J=4 5H2), 10.44(1H, L. J=5.9Hz), 12 17(1H, brs)

12) A solution of the compound 13 (198mg, 0.500mmol),
1-(3-dimethylaminopropyl)-3-cthylcarbodumide hydiochloride (115mg, 0 600mmol)

and l-hydroxybenzotriazole (8 1mg, 0.600minol) 1 dimethylformamide (3ml) was
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stirred al room temperature fot 1.5 hours. Then, methanol {3wn1) and tricthylamine

(153ul, 1 10mmol) were added, and the mixture was heated to reflux for 1.5 hours

. The reaction solution was diluted with ethyl acetate, washed with an aqueous
saturated sodium bicarbonate solution, a 10% aqueous citric acid solution, and an
aqucous saturated sodwun chionide solution, and dried with anhydrous sedium sulfate
The solvent was distilled off under reduced pressure, and the residuc was washed
wilh diethy! ether to obtain

3-benzyloxy-5-(4-fluoro-benzylearbamoyl)-4-hydvoxy pyridine-2-carboxylic acid methyl
ester 14 (141mg, 69%) as a colorless crystal.

NMR (DMS0-de)5 3.85(3H, s)-, 4.52(2H, d, J=6.0H%), 5.15(2H, s), 7.13-7.21(2H, mJ,
7.31-7.47(7H, m), 8.33(1H, &), 10.4101H, t, J=6 OHx), 12.59(1H, brs).

13) After.3-bromopiopene (2 151ml, 24 8minol) was added to a solution of the
compound 14 (6.79g, 16.5mmol!, and cesium carbonate (8.09g, 24.8mmol} in
dimethylformamide (54m}), the mixture was stirred at room tempevatuve for 4.5 hours
To the reaetian solution was added an aqueous ammontum chloride SOllltI(;n, and this
was extracted with ethyl acetate, washed with watcr and an aqueous saturated
sodium chloride solution, and dried with anhydrous sodium sulfate. The solvent was
distilled ofl under reduced pressure, and the residue was washed with diethyl ether to
obtain
LU-allyl-3-benzyloxy-5-{(1-fluoro-benzyicarbamoyl)-4-oxo-1,4-dihydro-pyridine-2-carboxy
licacid methyl ester 15 (6.15g, 83%) as a colorless erystal.

NMIt (CDCL) 8 3.76(3H, s), 4.64(2H, d, J=6.0Hz), 1.G0(2H, d, J=6.0Hz), 5.20-5.37(2H,
m), 5 25(2H, ), 5.80-5.9301H, m), 6.98-7.04(2H, m), 7.31-7.35(7H, m), 8.45(1H, s),

10.41{1H, m).

11} To a solution of the compound 15 {7.6g, 16 9mmol) in 1,4-dioxane (228mD) was
added an aqucous solution (38ml) of potassium esmate dihydrate (372mg, [.01mmol),
and sodium metaperiodate (14.53, 67.6mmol) was further added, followed by stirring
at room temperature for 2 hours  The reaction solution was added to a vessel to
which ethyl acetate (300ml) and water (300ml) had been added, while stirrang. The
organic layer was washed with water, a 5% aqueous sodium hydrogen sulfite solution
and an agucous saturated sodiuin chloride solution, and dried with anhydrous sodium
sulfate The solvent was distitled off under reduced pressure, and the residue was

washed with diethyl ether to obtain
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3-benzyloxy-5-(4-fluoro-benzylcarbamoyl)-4-o0xo0-1-(2-0xc-ethyl)-1,4:dihydro-pyridine-2
-carboxylic acid methyl ester 16 (5.39g, 71%) as a colorless erystal.

NMR (CDCL)&: 3.74Q0H, s), 4.60(2H, d, J=5.9Hz}. 4 87(2H, s), 5.27(2H, 3),
6.98-7.04(2H, m), 7.30-7.40(7H, m), 8.39(1H, s), 9.58(1H, s}, 10.38(1H, s).

15) To a solution of the compound 16 (400mg, 0.884mmol) in methylenc chloride
(12mi) were added 2'mcthoxyuth-ylamine (77ul, 0.881mmol) and acetic acid (18ul), and .
the mixture was stirred at room temperature for 5 minutes. Thereafter, the renctlm;
was performed at 140 °C for 30 minutes in a microwave reaction apparatus. The
solvent was axstllled off under reduced pressure, the residue was subjected to sihica
gel column chromatography, and fractions eluting with toluenc-acetone were
concentrated under reduced pressure to ob'tain
9-benzyloxy-2-(2-methy-ethyl)-1,8'dioxo-1,8-dihydvo-2H pyrid[1,2-alpyrazine-7-carbox
yhc acid -l-ﬂuoru-bex‘nzylanudu 17-1 (226mg, 51%) as a yellow solid.

" NMR (CDCL)S 3.35(3H, s), 3.65(2H, , J=5.1Hz), 3.97(2H, t, J=4.5Hz), 4.63(2H,d,
J=5.7Hz). 5.28(2H. s), 6.56(2H, m), T.01(2H, t, J=8.7Hz), 7.38-7.30(5H4, m), 7.65(2H. d.

J=6G.6Hz), 10.63(1H, s).

16) To the compound 17-1 (140mg, 0.293mmol) was added trifluoroacetic acid (1.4ml)
under 1ce-cooling, and the mixture was stirred at 0 °C for 5 minutes and, then, at
room temperature for 1.5 hours The solvent was distilled off under veduced
pressure, and thus was diluted with chloroform, and added to ice water. This was
washed with an aqueous saturated sodium bicarbonate solution, a 10% aqueous citiic
acid solution and water, and dried with anhydrous sodium sulfate  The solvent was
distilled off under reduced pressure, and the residuc was reerystallized wath
methylene chloride-ethanol to obtan Example A-1 (89mg, 79%) as a yellow crystal.
melting pomnt 223-224 °C -

NMR (DMSO-d)$ 3.25(3H, s5), 3 58(2H, t, J=5.41172), 3.92(2H, ¢, J=5.1Hz), 4.53(2H, d,
J=5.7H<), 6.87(1H, d, 6.3H2), 7.14(2H, t, J=9.0Hz), 7.35-7.38(2H{, m), 7.47{1H, d,
J=G.0Hz}), 8 77(1H, ), 10.56(1H, t, J=6.0Hz), 12.00{1H, brs).

17) The compound 17-1 (157mg, 0.329mmol) was dissolved in dimethylformamide
(18m1) and methanol (iml), 10% palladium-carbon powder (31mg) was added, and the
mixture was stirred at room temperature for 20 hours under the hydrogen

atmosphere  The reaction solution was filtered with Celite, and the filtrate was
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concentrated under reduced pressure. The restrdue was dissolved 1n chloroform, this
was filtered with Celite again, and the filtrate was concentrated under reduced
pressure The residue was recrystallized with methylene chloride methanol to
obtain Example B-1 (66mg, 52%) &s a browin crystal.

melting point: 197-199 °C

NMR (DMSO-de)5°3.27(3H, s), 3.55(2H, t, J=5.1Hz), 3.68(2H, t, J=5.1Hz), 3.79(2H, s),

1,36(2H, 8), 4.51(2H, d, J=5 THz), 7.15(2H, t, J=8.7Hz), 7.32-7 37(2H, m), 8.38(1H, s),
10.46(1H, t, J=5.4Hz2), 12.41(1H, s).

Example C-1

{Chemical formula 55]

CJ

OBn ><_ NH,
o g,cozwle “(_) Fae s o A+
C[’ H t/ microwave | H \( N
N X -C T S N\' N N\/I\
16 O ) O a3
OH O
F
m o LD
Q‘:/] \/N\n/’l\/N\»’l\O \\/ .
0 ¢1

1) A compound 33 was synthesized using 1 aminomethyleyclopentanol
hydroxyethylamine according to the method of synthesizing a compound 17-1
IH-NMR (CDCI)$: 1.30-1.80(10H, m), 3.47(1H, d, J=11.4Hz2), 3.61(1H, d, J=11.1H2),
3.80'3.95(1!1. m), 4.30(1H, dd, J=14.7, 3.0H2), 4.60(2H, d, J=5.7Hz), 5.17-5.23(2H, m),
5.39(1H, d, J=9.9Hu), 6.95-7 10(2H, m), 7.20-7.10(5H, m), 7.58(2H, d, J=7.2Ha),
8.41(1H, s), 10 40(iH, s).

2) A compound 33-2 was synthesized using hydroxyethylamine according to the
sumiar method. ‘

Compound 33-2)
5-Benzyloxy-4,6-diox0-2,3,4,6,9,9a - hexahydro-1-0xa-3a.8a-diaza-cyclopentalbjnaphtha
lene-7-carboxylic ncid 4-fluorobenzylamide '
TH-NMR (DMSO-de)6: 3.48-3.58(1H, m), 3.73-3 86(1H, m), 3.97-4.10(2H, ),
4.20-4.30(1H, m), 4.46-4.60(2H, m), 4 85(1H, dd, J=12 3, 3.5H2), 5.40(1H, d, J=10.2H2),
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5.18(1H, d, J=10.2Hz). 5.28(1H, dd, J=10.2, 3.2Hz), 7 10-7.2002H, m). 7.23-7.40(5H, mJ,
7.50-7.73(2H, m), 8.60(1H, s}, 10.22(1H, m).

3) Example C-1 was synthesized using a cumpopnd 33, according to the method of
synthesizing lixample A-1 N

Melting point: >300°C

‘lH'NM[{ (DMSO-da)6: 1.10-1.60(10H, m), 3.25(1H, d, J=11.4Hz), 3.37(1H, d,
J=11.4Hz), 3.76(1H, t, J=10.5Hz), 1.30(2H, d, J=5.8Hz), 4.66(1H, dd, J=12.2, 3.8i~iz),
-5.22(1H, dd, J=3.8, 10.4Hz), 6.90-6.96(2H, m), 7.10-7.15(2H, m), 8.25(1H, s), 10.10{1H,

brs), 11 32(1H, brs).

’l"hc following cumpounds werce synthesized using the similay method.
Example C-2) .
5-Hydroxy 4,6-di0x0-2,3,4,6.9,9a-hexahydro-1-oxa-3a,8a-diaza-cyclopentalbluaphthale’
ne-7-carboxyhc acid 4-fluorobengzylamide
Melting point. 272-274 °C ) '
1H-NMR (DMSO-de)8" 3.59-3 67(1H, m), 3.72-3.81(1H, m), 3.98-4.10(2H, m),
4.27-4 35(1H, m), 4 52(2H, d, J=7.2Hz), 4.92(1H, dd, J=12.3, 12.3H2), 5.27(1H, dd.
d=3.6, 9.9Hz), 7.11-7.20(2H, ), 7.30-7.40(2H, m), 8 49(1H, s), 10 32(1H, t, J=5.6Hz),

11.53(1H, s).

Example C-3)
5-Hydroxy-6,10-diux0-3,4,6,9,9a,10-hexahydro-2H-1-oxa-1a,8a-diazaanthracene-%-carb
oxyhc acid 1-fluarcbenzylamide

melting point” 259 °C

1H-NMR (DMSO-de?6" 1.60-1.67(1H, ), 1 72-1 85(1H, m), 3 25(1H, td, J=12.8, 3.5H7),
3.86-3.93(1H, m), 4.06(1H, dd, J=11 1, 4 2Hz), 1 44-4.57(5H, m), 5 28(1H, 1, J=3 §Hz}.
7.13-7.18(2H, m), 7.33-7.37(2H, m), 8 51(1H, s), 10.36(1H, t, J=6.0Hz), 12.47(1H, s).

Example C-1)
5-Hydroxy-l-1s0propyl-4,6-diox0-2.3,4,6,9,9a-hexahydro-1H-1,3a,8a-triazacyclopental
blnaphthalene-7-carboxylic acid 4-flusio-benzylamide

melting point: 232-234°C

NMR (DMSO-du)6: 1.03(3H, d, 6.6H2), t 14(3H, d, 6.6Hz), 2.79-3.66(5H, m). 3 82(1H, t,
10.8Hz), 4.51(3H, m), 4 90(1H, m), 7.15(2H, t, 9 0Hz2), 7.34(2H, m), 8.45(1H, s),
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10.39(1H, t, 5.4Hz), 11.60(1H, s).

Example C-5)
5-Hydroxy-4,6-d1oxo-2,3,4,6,9,9a-hexahydro-1H-1,3a,8a triaza-cyclopentalblnaphthale
ne 7-carboxylic acid 4-fluoro-benzylamide

melting point’ 256-258 °C
NMR (DMSO-da)6: 3 00-3.55(5H, m), 3.96(1H, t, 11.4H2), 4.52(2H, d, 11.7Hz), 4.76(2H,
m), 7.16(2H, t, 8.7Hz}, 7.36(2H, m), 8.48(1H, s}, 10.42(1H, t, 5.4H7.), 11.91(1H, s).

Example C-6)
5-Hydroxy-6.10-d1oxc-1,2,3,4,6,9,9a,10-octabiydro-1,4a,8a-tnaza 'anthracex.xe-Tcarboxy
hc acid 4-fluoro-benzylamide

. m_clting point’ 2556°C )
NMR (DMSO-da): 1.60(1H, s), 2.75-3.16{1H, m), 4.52(2H, d, 6.0Hz), 4.13-4.68(4H, m),
7-16(2H, 9 OHz, ), 7.34(2H, ), 10 42(1H, s). 10.14(1H, 6.0Hz, 1), 12.81(1H, s).

Example C-7)
1-(2-Diethylamino-cthyl}-5-hydroxy-1,6-dio%o-2,3,4,6,9,9a-hexahydro-1H-1,3a,8a-triaz
a-cyclopentatblnaphthalenc-7-carboxylic acid 4-fluoio-benzylamide

melting point: 186-187 °C N . )

NMR (DMSO-de)§ 0.97(6H, t. 7.2Hz2), 2.42-2.91(10H. w), 3.44-3.87(5H, m), 4.23(1H,
m), 4.51(2H, d, 5 7Hz), 5 00(1H, m), 7.16(2H, t, 9.0H2), 7.33-7.37(2H, m), 8.43(1 14, s),

10.39(1L, ¢, 5.7H2), 11.81(1H, s).

Example C8)

1-Hydroxy-2,11-dioxe-2,5,52,7,8,9,10,11 -octahydro-6-oxa-4a, 10a-diaza-cycloheptalblna
phthalene-3-carboxylic acid 4-fluoro-benzylamde

melting point’ 242-244 *C

NMR (DMSO-de)6™ 1.10-2.00(4H, m), 3.20-3.30(1H, m), 3.66-3.77(2H, m), 4.14-1.23(1H.
m), 4.38-4.41(1H, m), 4.52(2H, d. 6.3Hz), 4.58-1.63(1H, m), 5.34(1H, brs), 7.15(2H, ¢,
9.0Hz2), 7.33-7.37(2H, m), 8.50(1H, s), 10.39(1H, brs), 12.14(iH, s).

Example C-9)
5-Hydroxy-1-(2-hydroxy-ethyD)-6,10-dioxo-1,2,3,4,6,9,9a,10-actahydro-1,1a,8a-triaza-a

nthracene:-7-carboxylic acid 4-fluoro-benzylamide
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NMR (DMSO-de)8: 1.58-1.80(1H, m), 2.70-3.60(7TH, m), 4 40-4.54(6H. m), 4.77-4.82(1H.
m), 7.16(21, t, 9.0Hz), 7.33-7.38(2H, m), 8.52(1H, s), 10.43(1H, brs), 12.57(1H, s).

Example C-10)

1-Hydroxy-2, li -dioxo0-2,5a,6,7,8,9,10, 11-octahydro-5H-4a,6, L0a-tr1aza-cycloheptalblna
phthalene-3-carboxylic acid 4-fluoro-benzylamide

melting point. 256°C.

NMR (DMSO-do)6: 1.47-1.77(4H, ), 2.69-2,81(ZH, m), 3.34-3 41{1H, m), 4.08-4.12(11{,
m), 4.26-1.10(2H, m), 4.52(2H, d, J=6.0Hz), 7.15(2H, t, 8.8H2z), 7.33-7.36(2H, m),

8 43(1H, s). 10 46{111, ¢, J=6.0H2»), 12.68(11, s).

Example C-11) . .
f-Hydroxy- 1-(2-methoxy-ethy)-6, 10-dioxo-1,2.3,4,6.9,9a,10-octahydro-1,1a,.8a-trinza‘a
nthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 147°C .

NMR (DMSO-de)8’ 1.56-1.74(2H, m), 2.53-2.58(1H, m), 2.66-3.10(4H, ), 3.18(3H, s),
3.41-3.39(2H, ), 4.37-4.52(5H, m), 4.73-4.80(1H, m), 7.15(2H, ¢, 8.8Hz), 7.33-7.37(2H,
m), 8.56(1H, s), 10 10Q1H, ¢, J=6.0H=2), 12 62(1H, s).

Example C-12)

5+ Hydroxy-1-(2-1sopropoxy-ethyl)-6, (0-diox0-1,2,3,4,6,9,0a, 10-actahydro-1,4a,8a traza
-anthiacenc 7-carboxyhic acid 4-fluoro-benzylamide

melting point: 151 °C

NMR (DMSO-de)6 1.02(6H, dd, J=4.0, 6.0Hz), 1.56-1.67(2H, m), 2.53-2.58(1H, m},
2.74-3.04(1H, m), 3.18(3H, s). 3.41-3.52(3H, m), 4.41-4.59(5H, m), 4.79-1.83(1H, m).
7.15(2H, 1, 8.8Hz), 7.34-7 36(2H, m), 8.56(1H, s), 10.40(1H, t, J=6.0H7), 12.56(1H, s)

Example C-13}

5-Hydvoxy 3,3-dimethyl 6,10-diox0-3,4,6,9,9a, 10 -hexahydre-2H 1-oxa-da,8a-diaza-ant
hracene 7-carboxyhie acid 4-fluoro-benzylamide

melting point. 275-277 °C ’

NMR (DMSO-da)s: 2.97(3H, s), 3.01(3H, &), 3.00-3 18(3H, m), 4.45-1.56{5H, m),
G.16(1H, 1), 7 15(2H, t, J=9Hz), 7.35(2H, dd, J=5.4Hz, 8.7H.), 8.5 l(l-H, s), 10.36(1H, ¢,
J=5.7Hz), 12.4(1H, s).



Fxample C-14)

1-Cyclohexyl-5-hydroxy-6,10-dioxe" l,2,3.4.6,9.ﬂa,10'octahyd\'0'1.«1ﬂ.8a'trmzn-anthracc
ne-7-carboxylic acid-4-fluoro-benzylamide

melting point: 275-277 °C

NMR (DMSO-da)§ 1 22-1 70(2H, m), 2.50-3.02(3H, m), 1.45(4H, m), 1.52(2H, s),
4.78(1H, d, J=13.2H2), 7.16(2H, ¢, J=8.7Hz), 7.35(2H, dd, J=5.7Hz, 8.4Hz), 8.62(1H. s),
10.52(1H, s), 12 55(1H, s)

Bxample C-15)

5-Hydroxy- 1-1sopropyl'6,10-dioxo-1,2,3,4,6,9,9a,10-0xtahydro- I,1a.8a-triaza‘anthrace
ne-7-carboxylc acid'4'ﬂum‘O'benzylamldE A

melting point: 220 °C : .

NMR (DMSO0-du)§: 0.94(GH, d, J=9.6Hz2), 1.53-1.67(2H, m), 2.92-3.30(3H, wm},

4.32-4 40(4H, m), 1 52(2H, d, J=5.7Hz), 4.89(1H, 4, J=14.1Hx), 7 16(2H, t, J=9.0Hz),
7.36(2H, dd, J=6 3Hz, 9.0H2), 8.61(1H, &), 10 46(1H. &), 12 55(1H, s).

E'xample C-16)

5-Hydroxy-3,3-dimethyl-6,10 dioxo-1,2,3,4,6,9,9a2,10 octahydro-1.,4a,8a-t1 iaza-anthrac
ene-7-carboxylic acid 4-fluorv-benzylamide

melting point” 280 °C
NMR (DMSO-do)§. 0.87(3H, s), 0.93(3H, s), 2.59-3.15(GH, m), 4.09-4 57(GH, m),
7.14(2H, d, J=9.0Hz), 7.34(2H, dd, J=5.4Hz, 8.4Hz), 8.42(1H, s), 10.46{1H, s,

12.77(1H, s).

Fxample C-17)
6:Hydroxy-1-(2-morpholin-4-yl-2-oxo-ethyl)-6,10-diox0-1,2,3,1,6,9,9a,10-octahydro- 1.1 '
a,Ba-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

winelting point: 140 °C

NMR (DMSQ-de)8: 1.60(2H, m), 2 91-3.62(13H, m), 1.412H, m), 4.51{(2H, d, J=4.8H7),
4 80(2H, m), 7.15(2H, t. J=8 THz), 7 3-1(2H, m), 8.44(1H, s}, 10.43(1H, &), 12.54(1H, ).

Example C-18
1-(3-Acctylamino-propyl}-5-hydroxy 6, 10-d1oxo- 1,2;3,4,6,9,9a, 10-octahydro-1,4a,8a-tn
aza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 177-178 °C
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NMR (DMSO-do)§. 1.714(3H, ), 1.49-2.98(9H, m), 3 GO(1H, s), 4.25-1.65(TH. m),
7 34(2H, t, J=8.4H%), 7.34(2H, m), 7 71(1U, s), 8.26(1H, s), 10.60(1H, s).

LS

Example C-19)
1-Dimethycarbamoylmethyl-5-hydroxy-6,10-d1oxo-1,2,3,4,6,9,9a,10-cctahydro- 1. 4a,8a-

triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 190 °C
NMR (DMSO0-do)6: 1.60(2H, m), 2.76(3H, s), 2.83(3H, s), 2.90-3.59(5H, s), 4.40(2H, m),
4.51(2H, d, 5.7Hz), 4.80(1H, d, d=14 4Hz), 4.98(1H, s), 7.16{2H, t, J=8.4Hz), 7.34(2H,

m), 8.54(1H, s), 10.42(1H, s).

Example C-20) .
5-Hydrqu -1-(3-methanesulfonylamino-propyl)-6,10-diaxo-1,2,3,4,6,9,9a,10-octahydro-

1,4a,8a-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 176 °C

NMR (DM.SO-da)S' 1.54-1 75(4H, m); 2.80(3H, s), 2.30-3.04(81, ), 14.45(2H, m),
4.52(2H, d, J=5.6Hz), 1.75(1H, d, J=13.2H2), €.9101H, t, J=5.6Hz), 7.16(2H. t,
J=8.8Hz), 7.36(2H, m), 8.61(1H, s), 10.41(1H, t, J=5 6Hx), 12.58(1H, s).

Example C-21)

5:-Hydroxy 2 -methyl-6,10 dioxo-3,4,6,9,9a,10-hexahydro2H- l-oxa-4a,8a-d1zazaanthra
cene-7-carboxylic acid 4-fluorobenzylamide

NMR (CDCI13)6: 1.27(3H, d, J=6.0H2), 1.55-1.78(2H, ), 3.11(1H, td, J=12 9, 3.7H2),

3 89-4.00(1H, m), 41.16(1H, dd, J=13.8, 3.9Hx), 4 31(1H, dd, J=13.8, 3.9Hz), 4.G0(ZH, 4,
J=6.0H2), 4 71(1H, ddd, J=13.5, 4 8, 1.8Hz), 5 0BUH, t, J=3 9Hz), 6.96-7 04(2H, m),

7 26-7.35(2H, m), 8.32(1H, s), 10.41(1H, br s}, 12.41{1H, br s).

Lxample F-1)
5-Hydroxy-1-1sobutyl-4,6-diox0-2,3,4,6,9,9a-hcxahydro- 1H-1,3a,8a-triazacyclopentalb]

naphthalene-7-carboxylic acid-4 fluorobenzylamide

[Chemical formula 59)
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1) According to the method of synthesizing a compound 171, the erude purified

product (503mg) of a compound 18 was obtained at a y1eld of §2% from a compound 16

(600mg)

2) To a solution of a compound 48 {100mg, 0 22mnol), iscbutylaldehyde (39ul,
0.432mmol) and acetic acid (25ul, 0.432mmol) in dichloromethane (4ml) was added
sodium triacetoxyborohydride (92mg, 0.432mmol) under ice-cooling, and the mixture
was stirred at room temperature for 2 hours  Further, 1sobutylaldehyde (20ul) and
sodium triacetoxyborohydinde (46ing) were added, and the mixture was stirved for 30
minutes. To the reaction solution was added water, this was extracted with
chloroform, and the organic layer was washed with an agucous saturated sodium
bicarbonate solution.  After diing, the solvent was distilied off under reduced
pressure, and this was purified by sihica gel column chromatogiaphy. A compound 49
{87mg) was obtained as a colorless crystal at a yield of 78%

TH-NMR (CDCI6 0.96(3H, d, J=6.611z), 0.97(3H, d, J=6.3Hz), 1.72-1.86(1H, m),
2.25-2.41(2H, m), 2.47-2.58(1H, m), 3.39-3.46(1H, ), 3.69-3.76(2H, m), 3.85-3.93(1H,
m). 4.06(1H, dd, J=9.9, 2.7Hz), 4.16-1 22(1H, m}, 4 57(1H, dd, J=15.3, 5.1H.), 1.61(1H,
dd, J=14.7, 5 1Hz), 5.20(1FL, d, J=9.9Hz), 5 38(1H, d, J=9.9H2), 6.96-7.05(2H, m),
7.28-7 36(5H, ), 7.58-7.62(2H, ), 8.40(1H, s), 10.44(1H, b1 s).

3) According to the method of a step 17) of lixample B-1, a compound F-1 (43mg) was
obtained at a yield n{'Grl % from a compound 49 (81mg).

TH-NMR (DMSO-dc)B‘_O 90(3H, d, J=6.4Hz), 0.91{3H, d, J=6.0Hz), 1.75-1.B4(1H, m),
2.24-2.39(1H, ), 2.39-2.54(2H, m), 3.36-3.43(1H, m), 3.52-3.60(1H, m), 3.67-3 7301 H.
m), 3 81-3 88(1H, m), 4.19'4.23(1i‘1. m), 4.52(2H, d, J=6.0Hz), 4.94-1.99(1H, m),
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7 12-7.20(2H, m), 7.32-7.38(2H, ), 8.45(1H, s), 10.37(1H, t, J=2.0Hz), 11.74(1H, s).

According to the same manner as that of Example 11, the following Example
compounds IF-2 to 1763 were synthesized

Example I-2)

3-Hydroxy- l-isobutyl-6,10-di0ox0-1,2,3.4,6,9,9a,10-octahydro- 1.4a,8a-triazaanthracene-
7-carbexylic acid 4-fluorobensylamide

melting pownt: 146-148 °C

1H-NMR (DMSO-dg)6- 0.63(3H., d. J=6.6Hz), 0.79(3H, d, J=6.6Hz), 1.56-1.66(2H, m),
1.67-1.75(1H, m), 1 94-1.99(1H, m), 2.41-2.54(2H, m), 2.96-3.06(2H, m), 4.41-4.59(5H,
m), 1.76-4.81(1H, m), 7.14-7 21(2H, m), 7.33-7.38(2H, m), 8.61(111, &), 10.40(1H, d.
J=5.8Hz), 12.56(1H, ), '

LExample F-3) . . )
1-Cyclopropylmethyl-5-hydroxy 6,10 dioxa-1,2,3,4,6,9,9a,10-0ctahydro-1,4a,8a-triaza-
anthracene-7-carboxylic acid 4‘ﬂum‘o-benzylaml.du

melting point: 182-184 °‘C

NMR (DMSOQ-do}s: 0 06(2H, m), 0.43(2H, d, 8.4Hz), 0.80(1H, w), 1.66(2H, m),

2 28-3 30(1H, m), 1 40-1 50(1H, wm), 4 52(2H, d, 6.0Hz), 4.78(2H, m), 7.15(2H, 1, 8 7Hz).
7.31{2H, m), 8.55(1H. s), 10.47(1H, s}, 12.56(1H, =)

Example F-4)

1-Cyclopentylmethyl-5-hydroxy-6,}-dioxo- 1,2’,3.4,6,9,9a,l()*octahydm-l,da,Ba-triam'a
nthracene-7-carboxylic acid {-fluoro-benzylamide

melting point: 184-185 °C°C

NMR (DMSO-dd)S- 0 88-2.10(1H, m), 2.60(2H, m), 2.95-3.28(2H, m), 4.38-4.53(6H, m),
4.82(1H, m), 7.15(2H, ¢, 9 OHz), 7 34(2H, m", 8.57(11, ¢), 10.42(1H, s), 12.45(1H, s).
Example [F-5)

5-Hydvoxy-1-{1{-methylsulfanylbensy!)-6,10-dioxo 1,2,3,4,6,9,9a,10-0ctahydro-1,41a,8a-t
rnazaanthracenc-7 caiboxylic acid 41-fluorobenzylamide

(DMSO-d)b- 1.51-1.56(1H, m), 1.69-1.71{1H, m), 2.42(3H, s), 2.55-2.62(1H, m},
2.80-2.84(1H, m), 3.00-3 08(11{, m), 3.32-3 36(1H, m), 3.93(1H, d, J=13.6Hz),
4.45-4.53(4H, m), 1 53{1H, s), 4 83(1H, d, J=15.2Hx), 7 11-7.19(6H, m), 7 33-7 40(2H,
m), 8 34(1H, s), 10.38(1H, t, J=6.011<), 12.58(1H, s).



Example F-€)

1-(5-Chloro-1,3-dimethyl 11l -pyrazol-4-ylmethyl)-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a,1
O-octahydro-l,4a,8a-tnazaanthracene-7-carboxybe acid 4 fluorobenzylammide
(DMSO-de)8. 1.56°1.592H, m!, 1.88(3H, s), 2 37-2.45(1H, m), 2.76-2.80(1H, m?,
3.00-3.06(2H, ), 3.64(3H, sl, 3.87(iH, d, J=13.2Hz), 4.40-4.55(5H, m}, 4.97(1H, d,
J=14.4Hz), 7.13-7 19(2H, m), 7.33-7.38(2H, m), 8.56(1H, s), 10 39(1H, {, J=6.0H=),

12 46(1H, s). -

Cxample [F-7) .
5-Hydroxy-1-(3-methoxybeuzyl)-6,10-dioxo- 1,2,3,4,6,9,93, 10-octahyd ro- l;4n,8a'lr|azau

nthracenc-7-carboxylic acid 4-fluorobenzylamide

(DMSO-d:)8: 1 52-1.57(1 1, m?, 1.70-1.80(1H, m), 2.60-2.68(1H, m)J, 2.84-2.90(1H, m),
3.01-3.09(1H, m), 3.36(1H, d, J=14.0H2), 3.6!(34H, )., 3.91(1H, d, J=14.0Hz),

4 45-4.52(4H, m), 1 58(1H, s), 1.76(1H, d. J=14.8H2), 6.68-6.73(2H, m), 6 77(1H, d,
J=7.6Hz}, 7 13-7.19(3H. m), 7 33-7 38(2H, m), §.17(1H, ), 10.38(1H, t, J=6.0Hz2),

12.57(1H, s).

Example I*-8)

S5-Hydroxv- (4 mmethanesulfonytbenzyl)6,10-dioxo-1,2,3,1,6,9,9a.10-0ctahyvdre-1,4a.8a
~triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-de)8: 1.54-1.58(111, n), 1.74-1.80(1H, m), 2.67 1.74(1H, m), 2 83-2.87(1H, m),
3.05-3 12(1H, m), 3 18(3H, &), 3 52(1H, d, J=14.8Hz), 4.09(1H, d, J=14 8H2),

4.146-4 52(1H, m), 4 67(1H, &), 4 73(1H, d, J=11.8Hz), 7.12-7.18(2H, in), 7.32-7.36(2H,
m), 7.46(214, m), 7 80(2H, d, J=8 OHz), 8.17(1H. s), 10.37(1H, t, J=5.8Hz), 12.50(1H, 5.

Example F-0)
5-Hydroxy-1-(6-incthoxypyridin-3-ylmethy1)-6,10-dioxo-1,2,3,4,6,9,9a, 10-octahydro- 1.4
a,8a-triazaanthracene-7-carboxylic acid 1-fluorobenzylamide

(DMSO-da)§ 1.61-1 56(1H, m), 1.71-1.77(1H, m), 2.58-2 66(}1H, m), 2 80-2.86(1H, m),
3 01-3 09(1H, w), 3 38(1H, d, J=13.6H2), 3 78(3H, s), 3.87(1H, d, J=13 GHz),
4.45-4.52(4H, m), 4.60(1H, s), 4 62(1H, d, d=13.6Hz), 6.71{1H, d, J=6.6Hz),
7.12-7.19(2H, w), 7 33-7.38(2H, m), 7.49(1H, d, J=8.6Hz), 7 98(1H, s), 8 30(1H, s),

10.37(1H, t, d=6.0Hz), 12 58(1H, s).



IExample - 10)

5 -Hydroxy-1-1sobutyl-3,3-dimcthyl-6,10-d1ox0-1,2,3,4,6,9,9a, 10 0octahydro- 1,4a,8a-tria
zaanthracene 7 carboxylic acid 4-fluorobenzylamnde

(DMSO-de)8. 0.64(3, d, J=6.4Hz) 0.82(3H, d, J=6.8Hz), 0.90(3H, s), 0.91(3H, s),
1.59-1.67(1H, m), 1.92-1.97(1H, m), 2 11-2.15(1H, m), 2.51-2.57(1H, m), 2.67(1H, d,
Jd=12.0Hz), 2.77(1H, d, J=12.8H2), 4.13(1H, s), 4 21(1H, d, J=12.8H2), 4.47-4.59(3H, s),
4.80(1H, dd, J=14.4, 2.8H2), 7.14-7.19(ZH, m), 7.34-7.38(2H, m), 8.66(1H, s), 10.41(1H,
t, J=6.0Hz), 12.4-1(1H, s).

Example i"'ll)
5-Hydroxy-1,3,3-trimethyl-6,10-dioxo-1,2,3,4,6,9,9a,1G-0ctahydro-1,4a,8a triazaanthra
cene- 7-cavbaxylic acid 4~ﬂuotqbenzylamide .
(DMSO-de)6: 0.89(6H. s), 2.14-2.18(1H, m), 2.24(311, s), 2.54-2.58(1H, m), 2.74-2.78(1H,
s), 3.68(1H, s), 4.21(1H, d, J=13.2H2), 4.45-4.53(3H, m), 4 72:4.76(1H, m),
7.13-7.19(2H, m), 7.33-7.38(2H, m), 8.64(1H, 5), 10.40(1H, t, J=6.0Hz), 12 46(1H, s5)

Eixample F-12)
4-[7-(4-Fluorobenzylcarbamoyl)-6-hydroxy -G, 10-dioxy-3,4,6,9,9a,10-hexahydro-2H 1,1a
.Ba-triazaanthracene-t-yllbutanoic acid cthyl ester

(CDCI1)6: 1 23(3H, ¢, J=7_1H7), 1.70-1 T9(1H, m), 1.86-2.00(1H, m), 2.17-2.31(2H, m},
2.46-2.67(1H, m), 2 61-2.77(2H, ), 2 85-2.92(1H, m), 3.13-3.18(1H, m), 4.13(2H, 4.
Jd=7.1Hz), 4.27-4.34(2H, m), 4.57-4.63(3H, m), 4.66-4 73(1H, m), 6 95-7.03(2H, m),
7.29-7 36(2H, m), 8.36(1H, s5), 10.48(1H, ¢, J=1.8Hz), 12.50(1H, s)

Exawple -13)
1-(3-Dimethylcarbamoylpropyl)-6-hydroxy-6,10-d1ox0-1,2,3,4,6,9,9a, L0-octahydro-1,4a,
8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(CDC1)8:1 62-1 82(3H, ), 1.83-2.00(1H, m), 2.10-2.35(2H, m), 2.57-2 65(2H, m),
2.75-2.95(2H, m), 2.92(3H, s), 2.96(3H, s}, 3.07-3 140 H, m), 4 23-4 30{2H, m), 4.60(2H,
d, J=6.0H7), 4.68(1H, dd, 4=13.2, 4.5H2), 5.12(1H, d, J=12.6Hz), 6 95-7 0242H, ],

"7.28-7.35(2H, m), 8.42(1H, s, 1054(1H, t, J=5.1Hz), 12.51(1H, s)

Example F-1.)
5-Hydroxy-1-(4-morpholin-4-y!-4 -oxobutyl)-6,10-dioxo0-1,2,3,4,6,9,9a. 10-0ctahydvo- 1,4a

J8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide
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(CDCIVS 1.61-1.83(3H. m), 1.84 2.00(1H, m), 2.12-2 23(1H, ), 2.25-2.36(tH, m),
2.56-2.64(2H, in), 2.75-2 95(2H, m), 3.09-3.15(1H, w), 3.37(2H, t, J=4.8Hz),
3.61-3.66(6H, m), 1.26-1.32(2H, m), 4.59(2H, d, J=5.7Hz), 4.68(1H, dd, J=13.2, 4.5Hz),
4.95-5.01(1H, m), 6.95-7.03(2H, m), 7.28-7 35(2H, m), 8 410(1H, s), 10.52(1H, ¢t,

J=5 THz), 12.51{1H, %)

Example FF-15)

f-Hydroxy-1-methy!-6,10 diwoxe-1,2,5,4,6,9,9a, 10-octahydro 1,4a,8a-triazaanthracene
. T-carboxylic acid 4-fluorobenzylamide

melting point: 252-253°C ‘

(DMSO-da)6: 1.56-1.75(2H, m), 2.22(3H, s), 2.50-2.55(1H, m), 2.90-3.102H. m),

4 17(1H, brs), 4.29-1.42(2H, m), 1 52(2H, d, J=6 OHz2), 4.74-4.78(1H, m), 7.13°7 17(2H,
m), 7 33-7 37(2H, m), 8 6 1{1H, s}, 10.10(1H, t, J=6.0Hz), 12.54(1H, s).

Example I'-16)
5-Hydroxy-6,10-dioxo 1-thiophen-3-ylimethyl-1,2,3,1,6,9,9a,10-octahydro-I,da,8a triaz
. aanthracene-7-carboxylic acid 4-flucrobenzylamide

wmelting point: 242-243°C

(DMSO-du)s 1.52-1.73(2H, m), 2.89-2.62(1H, m), 2 87-3 03(2H, m), 3.52(1H, d,

J=13 6Hz), 3.90(1H, d, J=11 4Hz), 4.40-4 56(5H, m), 4 83-4 90(1H, m). 6 92(1H, .
J=5.2Hz), 7.13-7 17(ZH., uy), 7.28-T97(3H, m), 7.42-7.44(1H, m), 8.46(1H, &), 10 390111,

t, J=6 OHz), 12.68(1H, +}

Bxample 17-17)

5-Hydroxy-6 10-dioxo-1-thiazol-2-ylmethyl-1,2,3,4,6,9,8a,10-octahydro-1,4a,84-t1r1azaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point 214-215°C )

(DMSO-de)§” 1.54-1 T2(2H, m), 2 75-2 81(1H, m), 2 95-3 07(2H, ), 3 80(1H, d,
J=16.0Hz), 1.37(1H, d, J=16.4Hz), 4 44-1.51{(dH, m), 4.69(1H, brs), 4.89-4.93(111, m),
7.13-7.17(2H, m), 7.32-7.35(2H, m), 7 55(1H, d, J=3 2Hz), 7 69(1H, d, J=3.2H 1),
8.37(1H, s), 10 36(1H, ¢, J=6 OHz), 12.50{1H, 8).

Example I 18) -
5 -Hydroxy-(3-methylsultanyl-propyl)-6,10-dioxo0-1,2,3,4,6,9,9a,10-octahydro-1,1a,8a-tr

1azaanthraccue-7-carboxyhe aaid 4-flucrobenzyiamide



melting point” 162-164°C

(DASO-dado 1 50-1 82¢aI, m), 2 27(AH, s}, 2 32-2 44031, m), 2.60-2 82(2H, m},
300-3.14{2H, m), 4 37-1.59(5H, m), 4.75-4 7901 H, ), 7 13-7.172H, ), 7 33-7 352H,

m), 8 CO(LH. s}, 10.40(1H, t, J=6 OHz), [257(1H, s}

Example F-19)
5 Hydroxy 6,10 dioxo l-pyridm-‘t'ylmcth‘vf 1.2,3,4,6,9,%,10 octahydio |,1a,81 triazaa

nthracene 7 carboxylic acid 4-fluorobenzylaumide

melting point: 180-183°C .
(DMSO-da)8: 1.52-1 T6(2H. w), 2 62-2.80(2H., m), 3 01-3.07(1H, m), 3.42(1H, d,
J=15.2H2), 4.05(1H, d, J=15.2H2}, 1.49 4 50(4H. m), 1 6901 H, bis), 4 73-4 81(1H, m),
7.12:7 21{a4H, m), 7 327 46(2H, m), 8 33(1H. s), 8 421‘21-;,’:1, J=4 {H2), 10.29(1H, ¢,

Jd=60Hz), 12.55(1H, s!

Example IF-20)

1-Cyclohexytmethyd-5 hydioxy 6,iO-dioxcr1.2.3.4,6,9,93, lO'Ocla]l)‘(il'O' 1.4a,8a-triazaan
thracenc-7 carboxylic acid {-fluorobanzylamide

melting pomnt 201-202°C

(DMSQ-d)s 0.56-0.59(1H, m), 0 87 084{(1H, ), 1 02-1 13(3H, m), } 23-1 29(1H, ),

L 49-1 70(GH, m), 1 92-1 97(1H, ), 2 52-2 55()H, m), 2 96-3 03(2H, m), 4 40-4 43(3H,
m), 1.62(2H, d, J=6 0H=) 4 73-4 7701, m), 7.12-7.16(2H m!), 7.32-7 36(2H, m),

8 59(1H, s}, L0 40(LH, t, J=5 2H2), 12 58(1H, &)

Fxample F-21)
6-Hydroxy 6,10-dsoxo-1pyridin-2 ylmethyl-1,2.3,4,6,9,9a,10-octahydro-1.4a,8a triazaa

unthraceune-7-carboxylic acid 4-fluorobenzylamide

melting point 216-219°C

(DMSO-dad$" 1.32-1.76(2H. m), 2 66 2 8011, m), 2 90-3 0F(2H, m), 3 67(1H. d.

J=15 2Hz), 1 01(1H, d, J=13.2142), 4.37- 1.97(4H, m), 4 62(1H, brs), 1 85- LBS(IH, m),
7.07 7 25C1H, m), 7.33 7.36(2H, aD, 7 61-7 G8(1H, m), 8 26(1H, 5!, B 45¢LH, s),

10 36(1F v, =6 OH#), 12 57(1H, s)

Example F 22}
1-(2-Ethyl-butvD)-5-hydioaxy-6, 10-dioxo-1,2,3,4,6.9.9a,.10-octahydro- 1.4a,8a-liiazaanthr

acenc-7 carboxylic acid 4-fluorobenzylamide
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melting point: 137-140°C

(DMSO d)6: 0.62(3H, t, 4=7.2H2), 0.77{3H, t, J=7.2H7}, 0.99-1 30(5H, mJ,

157-1 71(2H, m), 1 97-2.02(1H, m), 2 44-2.58(2H, m), 1.02-3.32(2H, m). 4.34-4.57(6H,
m), 4.78-4.82(1H, m), 7.13-7.17(2H, m), 7 52-7.36(2H, wm), 8.60(1H, s), 10.39{(1H, ¢,

J=6.2Hz), 12.54(1H, s).

Example IF-23) .
5-Hydroxy-1-(2-morphelin-4-ylaethyl)-6,10-dioxo"1,2,3,4,6,9,9a,10-0ctahydre-1,4a,8atn
azaanthracene-7-carboxylic acid 4"ﬂuorobenzylamidc

melting point: 254-256°C

(DMSO0-dg)8: 1.55-1.68(2H, m), 2.28-2.39(8H, m), 2.59-2.65(1H, m), 2.62-3.09(3H, m),
3.33-3.58(5H, m}, 4 34-1.60(3H; m), 4 52(2H, d, J=5.2112), 1.79-4.8401 H, m),
7.12-7.17(2H, m). 7.32-7.36(2H, m), 8.52(1H, s), 10.45(1H, ¢, J=5 2H«), 12 55(1H, &}

Example 1-24)
1-Hydroxy-6-methyl-2,11-dioxo-2,52,6,7,8.9,10, ll‘.octahydm-fSH'da.Q. l()a~trm;n -eycloh
eptalblnaphthilene-3-carboxyhc acid 4-flnorobenzylainide

melting pont. 255°C

{(DMSO-du)5: 1.48-1.65(11, m), 1.67-1.80(3H, m), 2.29(3H, s), 2.75-2.80(2H, m),
3.23-3.31(1H, m), 1.07-4.09(111, m), 4.36-4.40(1H, m), 1 45-4.59(3H, m), 1.65-1.69(1 H,
m), 7.13-7.17(2H, m), 7.30-7.37(2H, m), 8.50(1H, s}, 10.42(1H, t, J=6.0Hz), 12.42(1H,

s).

Iixample I7-25)

1-Hydvoxy 6-ischulyl-2,11-dioxo-2,5a,6,7,5.9,10,11-cctahydro-5H-1a 6, 10a-triaza-cyclo
heptalblnaphthalene-3-carboxylic acid 4-fluorobenzylamide 7

melting pomt. 221-223°C '

DMSO-du)§ 0.81(3H, d, J=6 8Hz), 0.84(3H. d, J=6.1H2), 1.45-1.78(5H, m),

2 36-2.54(2H, m), 2 27-2.93(2H, m), 3 17-3 23(1H, m), 4.03-4 OG(IH,_m), 4 32-4.56(1H,
m), 41.82-4.85(1H, m), 7 13-7.17(2ZH, m), 7.30-7.37(2H, m), §.48(1H, s), 10.42(1H, t,

J=6 OHz), 12 53(11], 5)

Example F-26)
6-Cyclopropylmethyl-1-hydroxy-2,11-dioxo 2,54,6,7,8,9.10, 11-octahydro-6H 4a,6,10a-tr

iaza-cycloheptalblnaphthalenc-3-carboxylic acid 4:fluorobenzylanude
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melting point 213°C
DMSO de)6- 0 15-0.26(2H, ), 0.16-0.48(2H, m), 0.86-1.06(1H, m), 1.45-1.75{(4H, mJ,

2.45-2.66(1H, m), 2.68-2 83(1H, m), 2.91-2.96(2H, m), 3.17-3.26(1H, m), 1.03-4 t4(1H,
m), 1.43-4.45(2H. m), 4.54{2H, d, J=5.6H2), 4.89-4.91{(1H, m)}, 7.15-7.19(2H, 1n),
7 36-7 39(2H, m), 8 50(1H, =), 10 47(1H, t, J=6 0Hz), 12.52(1H, s).

Example F-2%)
1-Furan-2-yimethyl-5-hydroxy6,10-d1oxo-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triaza-a
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 193-197°C

DMSO-de)8: 1.67(2H, m), 2.61(1H, s), 2.93(2H, m), 3.75(1H, d, J=14.8Hz), 3 84(1H, d,
J=14.8Hz), 4.3-1--1.&7(311, m), 4.52(2H, d, J=6.0Hz), 4 96(1H, d, J=14.8H2z). 6 36(2H. s).
7.16(2H, t, J=8 8Haz), 7.35(2H, m), 7.59(1H, s), 8 97(1H. s, 10.13(1H, s), 12.51(1H. s}

LExample F-28)
t-(4-Dimethylamino-benzyl)-5 'h{’dl oxy-6,10-dioxe°1,2,3,4 ,6.9_.9a. 10-octahydro-1,4a,8a-

triaza-anthracene-7-carboxylic acid 4 fluorobenzylamide

melting point: 221-223°C

DMSO-de)6. 1.55-1.99(2H, m), 2 87(6H, s), 2.87-3.06(4I1, m)}, 3.80(1H, d, J=141 OH2),
4.50{5H, m), 4 83(1H, d, J=14 0H2), € 58(2H, d, J=9.6Hz), 6 98(2H. d, J=8.8H2),
7.15(2H, t, J=8.8Hz), 7 35(2H, m), 8.31(1H, ), 10.39(1H, s), 12.58(1H, s)

IExample I7-29)

5-Hydroxy-6,10-dioxo-1-(4 trfluoromethyl-benzyl)-1,2,5,4,6,9,9a,10-octahydro-1.4a Sa-
triaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 273-277°

DMSO-de)b: 1.52-1.70(2H, m), 2.63-3.04(3H, m), 3.50(1H, d, J=14.8Hz), 1.10(1H, d,
J=14.8Hz), 4 54(5H, m), 4.79(1H, d, J=14 8Ha2), 7.14(2H, t, J=8 8Hz), 7.33(2H, m),

7 55(2H, d, J=6.8H2), 7.61(2H, d, J=5.0Hz), §.22(1H, s), 10.40(1H, s), 12 56(1H, s).

Sxample I 30)

5-Hydroxy-6,10-divxo- 1-pyridm-S-ylmethyl-1,2,3,4,6,9.9a, [0-octahydro-1,1a,8a-triaza:
anthracene-7-carboxylic acid 1-fluciobenzylamide

melting point: 210-212°C

DMSO-du6: 1.561°1.762H, m), 2.63(1H, t, J=12 8H2), 2.80(IH, d, J=12.0Hx%}, 3.07(1H, ¢,



A

J=12.8H2). 3.44(1H, d, J=13.2Hz2), 4.00(1H, d, 11.0Hz). 4 17(4H, m), 4.620H, &),
1.84(1H, d, J=14 OHz), 7.16(2H, t, J=8.8Hz), 7.33(2H, m), 7.58(1H, d, J=7.6Hv),
8.30(1H, s), 8 45(2H. s), 10 41(LH, s}, 12.57(1H, s)

Example F-31}
l'(Z'ChlorwG-ﬂuoro-bcnzyl)-5-hydroxy'ﬁ,lfJ‘dloxO'1,2,3,4,6.9,9a,10'ocl.ahydr0'l.fla,8a'
triaza-anthracene-7-carboxylic acid 4-fluorebenzylamide -

melting point: 213-215°C ] .

DMSO-d)6:1.58(2H, 2H), 2 55-3.09(3H, w), 3.45(1H, d, J=12.4H2), 4.16(1H, d.
J=12.41z), 4 40-1.58(4H. m}, 5.12(1H, d, J=14 1Hz), 7.15-7 38(7H, m), 8 66(11. 5),
10.4101H, € J=6.4H2), 12.46(1H, 5), ’

Example F-32)

5-Hydroxy- 1-{4-methoxy benzyl)'G.IO'dnoxo-l,Z.S,d,B,U.Qn,lO-octahydro-1,4a.83-iriaza"
anthracene*7-carboxylic acid 4-fluorobenzylamide

melting point’ 151"103'(? 3

NMR (DMSQ-de)d'1.50-1 77(2H, m), 2 58 2 06(3H, m), 3 68(3H, &), 3 88(1H, d,
J=13.6Hz), 4.41-1.55(1H, m), 1.80(2H, d, J=11 1Hr), 6.80(2H, d, J=8.8Hz2), 7.09(2H. d.
J=8.4Hz2), 7.15(2H. ¢, $=8.8Hz2), 7 35(2H, m), 8.28(1H, s), 10.48(1H, s), 12.68(1H, s).

Example F-33)
1-(3.5-Bis-trifluoromethyl-benzyll-b-hydroxy-6,10-dioxo-1,2,3,4.6,9,94,10-octahydro-1,
4a,8a-octahydro-1,4a,8a-triaza-asthracene-7-carboxylic acid 4-fluorobenzylamide
melting point’ 275-277°C

NMR (DMSO-de)6:1 53-1 88(2H, m), 2.51-3 14(3H, m), 3 33-4.10(3H, m), 4 51(2H, m),
4.73(1H, m), 7.15(2H, m), 7.34(2H, m), 7.82-7 93(4H, m), 10.31(1H, s}, 12.67(1H, s

Example IF-34)
1-(4-Diethylamino-benzyl)-5-hydroxy-6,10-d1oxo-1,2,3.4,6.9,9a,10-octahydro-1,4a,8a-(r
taza-anthracenc-7-carboxyhc acid 4-fluorobenzylannde

melting point 182°C

NMR (DMSO-da)§- 1 04{GH. ¢, J=6 8H7), 1 50-1 69(2H, m), 2 55-3 05(3H, 1n), I 26(4H,
q, J=7.2Hz), 3.80(1H, d, J=13.6Hz), 1.44-4.57(4H, m). 4.21(1H, d, J=12 4Hz), 6.52(2H.
d, J=8.8Hz), 6 94(2H, d, d=8.4Hz), 7.15(2H, t, J=8.4Hz), 7 35(2H, m), 8.46(1H, s),

10 41(1H, o), 12.60(1H, s}



Example 1°-35)

5-Hydvoxy- 1-{{15)-2-methyl-but-2-enyl)-6,10-d1oxo"1,2,3,4,6,9.9a. 10-octahydro-1,4a,Ba-t
riaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 175-177°C

NMR (DMSO-do)§’ 1.35(3H. s). 1.51(3H, d. J=6.0Hz), 1.52-1.69(3H, ), 2.603. 15(3H.
m), 4.31-1 52(5H, m), 1.67-4.76(1H, m), 5.30-5.10(1H, m), 7.15(2H, 1, J=8.4Hz),
7.28-13(2H, m), 8.46(1H, s), 10.39(1H, brs), 12.60(1H, s).

Example F-36)
1-(3-Dxmcthylamino-2'methyl-proj':yl)'5'h}'d1'o>£)'-6,10-dioxo‘1,2,3.4._6,9,9:1,10-octahydr
o-1,4a,8a-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide :
NMR (DMSO-da)6- 0 63-0.68(2H, m), 1.57-1 82(3H, w), 2.11-2 49(10H, m),

2 98-3.11(2H. ), 4.41-4.54(5H, m), 4.73-1.80(1H, m), 7.14-7 18(2H, m), 7.31-7 38(2H,

m), 8.58(1H, s), 10.40(1H, s}, 12.57(1H, s&).

Example F-37)
1-(3,3-Dimethyl-buty)-5-hydroxy-6,10-d1oxo-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triaza
-anthiacene-7-carboxylhc acid 4‘ﬂuor¢2)‘b0uzylumidc

melting point 175-177°C .

NMR (DMSO-do)6: 1.19-1.36(2H, m), 1.57-1 70(2H, )}, 2 23-2 30(1H, m), 2.51-2 6IM{2H,
m), 2.97-3.04(2H, m), 4 424 54(5H, m). 4 78(1H. 4, J=14.0H2), 7.13-7 17(2H. m},
7.33-7.36(2H, m), 8.63(1H, s), 10.39(1H, t, J=6.0Hz), 12.56(1H, s).

Example F-18)
1-Ethy!l-5-hydroxy-6,10-dioxo-1,2,3.4,6,9,9a,10-octahydro-1,4a,8a-tiaza-anthracene-7-
carboxylic acid 4-fluorn-benzylamide

melting point: 221°C

NMR (DMSO-dei6: 0.94(3H, t, J=6 8Hz), 1 56-1 7T1(2H, m), 2.45-2 50(1H, n),
2.59-2.76(2H, m), 2 96-3.03(2H, m), 4.40-4.44(3H, m), 4.52(2H, d. J=6 OHz),
4.77-4.82(1H, m), 7 14-7.18(2H, m), 7.31-7.38(2H, m), 6.62(1H, s}, 10 41(1H, t,
J=6.0Hz), 12.59(1H, s

Example F-39
5-Hydroxy-6,10-d1uxo-1-(2-exo propyl) 1,2,3,4,6,9,9a,10-octahydro-1,4a,8a - lriaza-anth
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racene-7-cavboxyhic acid 4-fluoro-benzylamide

melting |;omt.» 244-246°C

NMR (DMSO-do}6 1.54-1 61(1H. m), 1.67-1.76(1H, m)}, 2.22(3H, s}, 2 50-2.66(1H, m),
2.91-3.02(2H, m), 4.18{1H; s), 1.38-4.45(2H, m), 4.52(2H, d, J=6.0Hz), 4.76(1H, d,
J=14 1Hz), 7.13-7 18(2H, m), 7 31-7.37(2H, m), 8.6 1(1M, s), 10.40(1H. L, J=6.0Hz),

12 54(1H, s).

Example F-40)

5-Hydroxy-6,10-dwoxo-1-(1,1,4 :triﬁuom'buryl)' 1,2,3,1,6,9,94, 10 0cta hydro. ],4a,8atna
za-anthracene-7-carboxylic acid 4-fluore-benzylamide

melting point: 220°C |

NMR (DMSO-du)S 1.53-1.62(2H, m), 1.‘67-'1.75(11-1, m), 2.07-2.18(2H, m), 2.10-2.17(1H,
m), 2.64-2.78(2H, m), 2.96 3.04(2H, m}, 4.42-4.49(2H, m), 41 53(2H, d, J=5.2He),
4.74(1H, d, J=12 8Hz}, 7.13-7 17QH, m), 7 33-7.37(2H, m), §.61(1H, 1, 10 40(1H, t,
J=6.0Hz), 12.67(1H. ).

Example [F-41)
5-Hydroxy: 1-(3-methyl'-butyl)-6,10-dioxe’ 1,2,3,4,6,9,%a,10-0ctahydro- 1,-1a,8a ti taza-an

thracene 7-carboxyle acid 4-fluorc-benzylamide

melting pomt: 151°C

NMR (DMSO-da)b. 0.78(6H, dd, J=7 6, 16.2H=}, 1.21-1 28(2H, m), 1 11-1 48(1H, m),
156-1.71(2H, m), 2.22-2 $1(1H, m), 2.51-2.59(1H, m), 2.66-2 73(1H, m?, 2.96-3 05(zH,
m), 1.41-1.55(5H, m}, 4.80(1H, d, J=13.2H2), 7.13-7.18(2H, m), 7.33-7.37(2H, m),
8.64(1H, s, 10.40(111, t, J=6.0Hz), 12.57(1L], s).

Example F-42)

5-Hydroxy-1-isobutyl-6,10-d1oxo-1,2,3,4,6,9,9a,10-0octahydro-1,4a,82a triaza-anthracene
. “7T-carbaxylc acid 3-chloro-2-fluore-benzylamide

melting pomt’ 180-182°C

NMR (DMSO-da)8- 0.62(3H, d, J=6.0Hz), 0.78(3H, d, J=G.4Hz7,A 1.55-1.69{3H, m},

1 93-1.99(1H, m), 2.97-3.08(2H, m), 1.39-4 46(3H, m), 4.59-1.64¢2H, m), 1.75-1 8 1{1H,

m), 7.16-7.2301H, m), 7277 3~l(lH,_m), 747 7530H, m), 8 59(1H, s}, 10 J4(1H, s,

12.57(1H, =)

Example F-43)
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1'Cyclopropyll‘nethyl'(rhydroxy-6,_1O‘dmxo-1,2,3,4,6,9,93,10-octahydro-l,4a,8n"h‘mur
anthracene-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point” 189-192°C

NMR (DMSO-da)$™ 0.00-0.10(2H, m), 0.35:0.4 1{2H, m), 0.70-0.77(1H, m), 1.57-1 69(2H,
m), 2.52-2.65(1H, m), 2.67-2 B5(1H, m}, 291-2 99(1H, mJ, 4.30 4.41(2H, m),
1.48-4,52(2H. m}, 4.71-1.80U1H, m}, 7.06-7.10(1H, m), 7 18-7 22(1H, m), 7 36-7.10(1 H,
m), 8 52(1H, s),.10.30(1H, s), 12 26(iH, s). '

Example IF-44) .
1-Furan-2-yImethyl-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a. 10 0ctahyd ro' 1,.4a.5a triaza-a
nth racenc-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point’ 190-192°C

NMR (DMSO-d)8 1 56-1.6812H, m), 2.51-2 63(1H, m), 2 69-2 99(2H, ), 3.80(2H, dd,
J=18.4, 33.2H4%), 4.37-4.51(3H, m), 4.62(2H, d. J=6 0Hz)}, 4.97(1H, d, J=15.2Hz),
6.39(ZH, s), 7.18-7.22(1H, m), 7 31-7.34(1H, m), 7.48-7.51011L, 1n), 7.58(1H, s), 8.64(111,

s), 10.18(1H, t, J=6.0Hz), 12.55(1H, s).

Example F-45)
5-Hydroxy-6,10-d1oxo-1-thiazo!-2-ylmethyl-1,2,3,4,6,9,9a, 10-nctahydro-1,4a,8a triaza-
anthracene7 caiboxylic acid 3-chloro-2-fMluoro-benzylamide

melting point” 217-219°C
NMR (DMSO-du)6: 1.59-L.74(2H, m), 2 76-2 83(1H, n), 2.97-3.08(2H, m), 3 90(1H, d,

J=16.0H7), 4 36(1H, d, d=16.0Hz), 1.45-1.69(5H, m), 1.89(111, d, J=14.8Hz),
7.18-7.22(1H, m), 7.28-7.3101H, m), 7 47-7.53(1H, m), 7.54(1H, d, J=3.2Hz), 7.65(1H, d,
J=3.2Hz), 8 34(1H, ), 10 40(1H, d, J=6 OH), 12 52(iH, s)

Iixamplc FF-46)

5-Hydroxy-8,1 0-dioxo-1-pyridin-2-ylmethy! - 1,2,3,4,6,9,9a, 10-octahydro-1,4a,8a triaza-
anthracene:7-carboxylic acid 3'chIdro-'.7.'ﬂuoro~henzylmmde

melting point: 190-193°C '

NMR (DMSO-da)6 1 54-1.61(JH, m), 1 69-1 750 H, m), 2.66°2 T4(1H, m), 291-3 08(2H,
m), 3 68(1H, d, J=14 4Hy), 4 02(1H, d, J=14 8H2), 4 10-4 67(5H. m), 4.85(1H d,
J=12.4H2), 7.16-7.35(3H, m), 7.46-7.52(1H, m), 7.61-7 69(1H, ), 8.20(1H, &),
8.43-8.47(1H, m), 10.41(1H, d. J=6.0Hz), 12.58{11, »)
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Exﬁmplc [-47)
5-Hydroxy-1-1sobulyl-G,10°dioxo-1,2,3,4,6,9,9u, 10-octuhydio-1,4a,8a-triaza-anthracene
~7-carboxylic acid 2,4 difluoro-benzylamide
melting point: 194°C
NMR (DMSO-de)s. 0 62(3H, d, J=6.4Hz), 0.78(3H, d, J=6.1Hz), 1.55-1 69(3H, m),
1.93-1 99111, ), 2.97-3.08(2H, m), 1.39-4.46(3H, ), 4.50-4 59(2H, m),44 7714, d,

. d=14.4Hz), 7.03-7.09(0H, m), 7.20-7.28(1H, m), 7.36-7.43(1H, m), 8.59(1H, s),

10.39Q1H, s), 12.56(1H. ).

Example I°-48)
1-Cyclopropylmethyl:5-hydroxy-6,10-dioxo-1.2,3,4.6,9.9a. 10-ectahydro-1,4a.8a-triaza-
anthi-qcene-7'carboxyhc acid 2,4-diflucro-benzylamide

melting point: 169-171°C

NMR (DMSO-de)6: 0.03-0.10(2H, m), 0.42-0.44(2H, m), 0.77-0 81(1H, m), 1.59-1 74(2H,
m), 2.27-2 32(1H, m), 2.62-2.72(1H, m), 3.05-3.12(1H, m), 1.30-4.58(H, m), 4.69(1H, d,
J=14.8Hz), 7.03-7.11(1H, m), 7 22-7.26{1H, m), 7.37-7.4001H, ), 8.62(1H, &), '
10 10(1H, ¢, J=6.0Hz), 12.57(1H, s)

Example F-149)
I-I'uran-2-yImethyl-5-hydroxy-6, 10-dioxo-1,2,3.4.6,9,9a, 10-actahydio-1,4a,8a triaza a
nthracene 7-carboxylic acid 2,4-difluoro-benzylanude

melting point: 186-188°C )

NMR (DMSO-de)6: 1.55°1.68(2H, m), 2.55-2.64(1H. m), 2.88-2.99(2H, w), 3.80(2H, dd.
J=15 6, 34.8Hz), 1 36-4 56(5H, m), 4.97(1H, d, J=16 OHz), 6 39(2H, ), 7.05 7 08(1H.,
m), 7 21-7.26(1H, m), 7.37-7.44(1H, ), 7.56(1H, s), 8 61(1H. 5), 10.38(1H, ¢, J=5 GHz),

12.53(1H, s).

Example F-50)

5-Hydroxy 6, 10-dioxo- 1-thiazol-2-ylmethyl:1,2,3,4,6,9,9a, 10-octahydro-1.1a,8a-triaza
anthracene-7-carboxyhe acid .2,4-diﬂuoro'l)enzylamide

melting point- 163-170°C

NMR (DMSO-de)8: 1 59-1.74(2H, m), 2.76-2.83(1H, m), 2 97-3.08(2H, m), 3 89(1H, d,
Jd=16.1Hz), 1.36(1H, d, J=16.0H2). 4.44-4.55(dH, m), 4.69¢1H, s), 1.89(1H, d, )
J=14.8Hz), 703-7.09(1H, m), 7.20-7.27(1H, m), 7.34-7.41(1H, m), 7.54{1H, d, J=3 2H),
7.68(1H, d, J=3 2Hz), 8.34(1H, s), 10.35(1H, d, J=6.0H=), 12.56(1H, &

43674, 4UH, m), 1.09U¢H, d, J=5.6Hz), 4.84-4.86(1H, w), 7.16-7 20(1H, m),
7.28<7.32(U‘-l, m), 7.46-7.50(1H, m), 8 45(1H, s), 10.46(1H, t, J=6.0Hz), 12.50(1H, s)



)34

Example F-51)

5-Hydroxy-6, l0-dioxo-1-pyridin-2-ylinethyl- 1,2.3.4,6,9,9a,10-octahydro-1,4a,8a-Lriaza-
anthracene-7-carboxylic acid 2.4-diflnoro-benzylamide

melting point: 200-203°C

NMR (DMSO-dw)6" 1.54-1.61{1H, m), 1.69-1.78(1H, m), 2.71-2.79(1H, m), 2.91-3 09
(2H, m), 3 72(1H. d, J=11.4H=), £.07(1H, d,.1=14 1Hz), 4.44-4.54(4}{, m), 1.70(1H. s),
4.82(1[1, d, J=14.4Hz), 7.04-7 1000, m), 7.21-7.42(4H, m), 7 74-7.80(1H, m), 8.17(1H,
S). 8.47-8.49(1H, m), 10 35(1H, d, J=6.0H2), 12 57(1H, ) ~

"Example 152)
1-Hydroxy 6-methyi-2,11-dioxo 2,5:1.6,7.8.9.10.ll‘octuhydrU'SH'da,G,lOa'triz\za'cycloh )
eptalblnaphthalene-3-carboxylic acid d-chloro-2-fluoro-benzylamide
melting potnt: 230-231°C
NMR (DMSO-dd6: 1 47-1 53(LH, m), 1.62-1.78(3H, m), 2.29(3H, s), 2.77-2.81 (2H, m),
4.05-4.10(1H, n), 4.35-4.40(1H, m), 4.54-1.64(3H, m), 41 70(1H, s), 7.18 7.22(1H, m),
7.30-7.34(1H, m), 7.47-7.52(1H, ), 8.19(1H, s), 10.47(1H, d, 3=6.0H2), 12 A4(1H, s}

Iixample F:53)

l'Hydrox)"(%'1sobutyl'2.1l'(I|0x0'2.5n.ﬁ,7,8,‘9,10.1l'octalxydro-ﬁH-4a,6, 10a-triaza-cyclo
heptalblnaphthalene-3-caxboxylic acid 3-chloro-2-fluoro-benzylamide

melting point” 215-216°C .

NME (DMSO-do)s: 0.83(6H, dd, J=6 8, 13 6Hz), 1 45-1.80(5H, w), 2.36-2.4 L(1H, m).
2.77-2.93(2H, m), 3.17-3 24(1H, m), 4 02-4.09(1H, m), 4.32-4 40(2H, ), 4 61(2I1, d.
J=5.6Hz), 1.82-4.84(1H, m), 7.18-7.22(1 1, m), 7.30-7.33(1H, m}, 7.-48-7 51(1H, m},

8 47(1H, &), 10.48(1H, 1, J=6 OH2), 12.55(1H, s).

Example 1-54)
6-Cyclopropyimethyl-1-hydioxy-2,11-dioxo-2.5a.6,7.8,9,10,11-octahydro-5H-4a,6,10a"tr
inza-cyclohe[;Lafb]naphthalcnc-&-carhoxy]ic acid 3-chloro-2-fluoro-benzylamide
melting pont. 212°C ‘

NMR (DMSO-da)6 0 00-0.10(2H, m), 0.40-45(2H, m), 0.80-0.87(1H, m), 1.45-1.77(3H,
m), 2.64-2.69(1H, m), 2.85-2.95(2H, m), 3.13-3.2001H, m), 1.03-4 09(1H, m),
4.36-4.40(2H. w), 4.59(2H, d, J=5.6Hz), 4.84-4.86(1H, m), 7.16-7 20(11, m),
7.28-7.32(lﬁ. in), 7.46:7.50(1H, m), 8 415{1H, 5), 10.46{(1H, t, J=6.0Hz), 12.50(1H, s)
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LExample 1-55)

6-Furan-2-ylmethyl-1-hydroxy-2,11 -d1ox0-2,5a,6,7,8,9, 10, L1-octahydro-5H-1a,6, 1 0u-tr1
aza'éycloheptafblnaphthalenc'3-carboxyl1c acid 3-chloro-2-fluaro-benzylamide
Melting point: 189-190°C

NMR (DMSO-de)6- 1.48-1.63(3H, m), 1 70-1.77(1H, m), 2.79-2.83(2H, m), 3.90(2H, dd.
J=14 8, 39 6Hz), 4.05*4.1 1€1H, m), 1.40-1.51(2H, m), 4.61(2H, d, J=5.6H2),

4 89-4.91(1H, m), 6.30-6.33(1H, m), 6.36-6 10(1H, m), 7 18-7.22(1H, m), 7.30-7.34(1H,
m), 7.48-7.5301H, m), 7.57( H., s, 8 16(1H, s), 10 45(1H, t, J=6.0Hz), 12.44(1H, s).

Example F-56)

1-Hydvoxy-G-methyl-2,11-d10x02,5a,6,7.8,9, 10, 11'octahydm'GH'4::,6.l()a'trmza-c_\'cloh
" eptalbluaphthalene-3-carboxyhe acid 2,4 -difluoro‘benzylamide

melting point. 241°C

NMR (DMSO-duw)6. 1.47-1.53¢1H, m), 1.62-1.78(3H, m), 2.29(3H, s}, 2.77-2.81 (2H, m},

405-4.1001H, m), 4.35-4.40(1H, ), 4.53-4.61(3H, m), 4 69(1H, s), 7.03-7.08(1H, m),

720-7 27(1H, m), 7.37-7 45(1H, m), 8.49(1H, s}, 10.42(1H, d, J=6.0H2), 12 43(1H, s).

Example F-57)

1-Hydioxy 6 1sobutyl-2,11-dioxo-2,52,6,7.8,9, 10.11-octahydro-5H-4a,6,10a triaza-cyclo
heptalblnaphthalenc-3-carboxylic acid 2.4 difluma-benzylamide

meltwg point’ 203°C

NMR {IDMSO-de)8: 0.82(6H, dd, J;G.d, 13 2Hz), 1.45-1.80(511, m), £.36-2.42(1H, m),

2 77-2 93(2H, m), 3.15-3.230 H, m), 1.02:4 08(1H, m}, 4.32-4.11(2H, m), 4.54(2H. d,
J=5.6H7), 4.82-4.84(1H, m), 7.02-7.09(1H, m), 7.20-7.27(/H, m), 7.36-7.43(1H, m},
8.47(1H, s), 10.41(1H, t, J=6.0Hz), 12.54(1H, s).

Fxample F-58)

G-Cyclopropylmethyl-1-hydroxy-2, 11 -d1ox0-2,52a.6.7.8,9. 10,11 -octahydro-5H-44,6,10a-tr
iaza-cycloheptalblnaphthalene-3-carboxylic acid 2,4-difluoro-benzylamade

melting point- 182-183°C

NMR (DMSO-de)§: & 00 0.10(2H, m?, 0 10-45{2H, ), 0.80-0 87(1H, m), 1.13-1 77(3H,
m), 2.60-2.69(1H, m), 2 85-2.95(2H. m}, 3.11-3.19(1H, m), 4.00-4.06(1H, m),
4.36-4.40(2H, m), 1 51(211, d, J=5 61=), 4.83-4.87(1H, m), 7.00-7.07(1H, m),
T.16-7.230H, m), 7.34:7 33(1H. m}, 8 44(1H, &), 10.39(1H, t, 1=6 OHz), 12 47{1H, &)



' | )36

Example F-59)

6-Furan-2-ylmethyl- 1-hydroxy‘2.ll-dnoxn-2,5a.6,7.8,9,10,1l-octahydro-SH'tm.ﬁ.lOa'tn
aza-cyclohepta[blnaphthalene 3-carboxylic acid 2.4-difluoro-benzylamide v
melung point: 171-173°C

NMR (DMSO-de)d 1.47-1.64(3H, m), 1.70:1.7T(IH. m), 2.79-2.83(2H, m), 3.90(2H, dd. -
4=15.6, 39.6Hz), 4.05-4.11(1H, m), 4.11-1.57(4H, m), 4.90'4.92(’1H.lm). 6.30-6.33(1H,
m), 6 58-6.40(1H, m), 7.03-7.09(1H, m), 7.20-7.27(1H, m), 7.37-7.45(1H, m}, 7 5701 H,
s), 8.44(1H, s), 10.41{1H, ¢, J=6.0H2), 12.43(1H, s).

Example F-60)

5-Hydroxy-6,10-diox0-3,4,6,9,93,10-hexahydro-2H{-1-0xa-4a 8a -diaza-anthracene-7-car
boxylic acid S-chloro-2-fluoro-benzylamide

melting pont: 276°C

NMR (DMSO-ds)§: 1.60-1.68(1H, m), 1 77-1.84(1H, n}, 3.85-3 93 {1H, m),

4.03-4 07(1H, m), 4.43-4.62(5H, m), 5 28(1H, s}, 7 17-7.22(1H, m), 7.29-7.34101H, m).
7.47-7.52(1H, ), 8.49(1H, s), 10.41(3H, d, J=6.0Hz), 12.48(1H, s).

Example F-61)

5-Hydroxy-6,10-d10%x0-3,4,6,9,9a,10-hexahydro-2H I-oxa-da,3a-daza-anthracene-7-car
boxylic acid 2,4-difluoro-benzylamide

melting point: 258°C

NMR (DMSO-d)5 1.60 1 69(1H, m), 1 77-1 85(1H, m), 3.86-3.92 (1H, m),

4.04-4 08(1H, ), 4.43-4.55(5H, m), 5.28(1H, &), 7.03-7 09(1H, m), 7.21-7 27U H, m),
7.36-7.13(1H, m), 8.50(1H, s), 10.35(1H, ¢, J=6.0Hz), 12.47(1H. s

Example 17-62)

5-Hydroxy-1-(2-mncthoxy-ethyl)-6,10-d1oxo- 1,2,3,4,6,9.94,10-0ctahydro- 1,4a,8a-trinza-a
nthiacene 7 carboxylic acid 3-chloro-2-luoro-benzylamide

melting pomnt. 193°C

NMR (DMSO-doJb: 1.63-1 73(2H, ), 2 51-2 58(1H, m}, 2 71 2 T8(1H, m), 2 §1-2.87
(1H, m), 2.95-3.08(2H, m), 3.17(3H, s}, 4.40-1.52(3H, m). 1.62(1H, d, J=5.6Ha2),
4.78(1H, d, J=14.4Hz), 7.18-7.22(1H, m), 7 30-7.34(LTL, m), 7.47-7.52(1H, ), 8.55(1H,
s), 10.46(1H, &, 4=6.0Hz), 12.69(1H, s}.
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Example 7-63)
5-Hydroxy-1-(2-mothoxy-ethyl)-6,10-d1ox0-1,2,3,4,6,9,9a,10-0ctahydro-1,4a,8a-triaza-a
nthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point. 166-168°C .

NMR (DMSO-du): 1.55-1.72(2H, m), 2.51-2.58(1H, m), 2.70-2 77(1H, m), 2.80-2.87
(1H, m), 2.97-3.07(2H, m), 3.18(3H, s), 4.39-4.52(3H, m), 4.54(1H, d, J=5.2H2),
1.78(iH, d, J=13.6Hx), 7.03-7 091 H, m), 7.20-7.27(1H, m), 7.37-7.43(1H, m), 8.55(1H,

s), 10 401 H, d, J=6.0H7), 12 58(1H, s).

Example F-64) .
5-Hydroxy-1-(1H-1midazol-4-ylmethyl)-6,10-dioxo"1,2,3,4,6.9,9a, 10-actahydra-1,4a,8a ¢t
riazaanthracene-7T-carboxylic acid 4-fluorobenzylamide

-(DMSO-de)é: 1.55-1.59(1H, m), 1.64-1 70(1H, m), 2.68-2.66(1H, m), 2.87-2 95(2H, m),
3.67(1H, d, J=156.2H=), 3.73(1H. d, J=15.2H2), 1.31(3H, s), 4.38-4.43(11L, m),

4 47-4 54(3H, m), 5.05(1H, d, J=14 OHz), 7 00(1H, s), 7.13-7.19(2H, m), 7.33-7 38(1H,
m), 7.59(1H, s), 8 55(1H, s}, 10 11(1H, t, J=5.6H2), 11.95(1H, br s}, 12 59(1H, s).

Example H-1)
P-Acetyl-5-hydruxy-4,6-dioxo 2,3,4.,G,S),ﬂzrhexahydm 1H 1,3a,8a triaza cyclopentalbla

aphthalene-7-carboxylic acid 4-tfluore benzylamide

[Chemical formula 611

OB8n O . 0Bn Q
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1) To a solution of a compound 18 (120mg, 0 26 mmol) 1n methylene chioride (1.2 mi)
were added triethylamine (43 pl, 0.31 mmol), acetic anhydride (29 pl, 0.31 mmol), and
4-dimethylaminopytidine {cat ) at' room temperatme, and the mixture was stiried for
30 minutes. Further, tncthylamine (18 pl, 0.13 mmol) and acetic anhydrnide (12 pt,

0.13 mmol) were added, and the mixtuie was stirred for 4 hours, 2N hydrochlonie
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acid was added, this was extracted with chloroform, and the organic layer was washed
with water, dried with sodium suilfate, and concentrated under reduced pressure
Diisapropy! ether was added to crystallize the material, which was filtered to obtain

53 (112 mg) as a palc orange crystal al a yield of 86 %.

2) An Example compound H-1{7] mg) was obtained at a.yicld of 82 % from a

compound 53 (106 mg), accarding to the methad of Example B-1 17).

melting point 290°C
NMR (DMSO-do)s 2.08(3H, s), 3.44-4.21(5H, m), 4.51(2H, d, 5.7H=), 4.93(1H, m),

5.46-5.62(1H, m), 7.15(2H, ¢, 9.0Hz), 7.34(2H, m), 8.49(1H, s), 10.40(1H, t, 5.7H=),

11 48{1H, s)

“Aa Example compound H-2 was synthesized according to the same manner as that of

Example H-1

Example H-2)
1-Acetyl-5-hydroxy-6,10-doxo-1,2,3,4,6,9,9a,10-0ctahydro-1,4a,8a-triaza-anthracene 7
‘carboxylic acid 4-{luoro benzylamide

melting point: 290°C
NMR (DMSO-da8- 1.96(2H, m), 2.14(3H. s), 2 85(2H, m), 4.45(4H, m), 4.51(2H, d,

5.7H»), 5 99(1H, s}, 7 15(2H, t, 9.0Hz), 7.34(2H, m), 8.37(1H, s), 10.46(1H, s},
12.28(1H, s).

Example 1-1)
5 -Hydroxy-1-methanesulfonyl-4,6-d1ox0°2,3,4,6,9,9a hexalhydro-1H-1,3a,8a-triaza-cycl

opentalblnaphthalene-7-carboxylic acid 4-fluoro-benzylamide

[Chcinieal formula 62)

08n0O 0BnO
F o I)L ' MsCl F o ])'\ -
U JOU0 I
N A N Ay N Ao Ny
o) H o) 073 -Me
48 54 0
OH O
F. 0.
Hl \©\, \‘(‘LN
—_ H
Pd-C N\,jifk%’f}
(0] 0=5-11e
11 o]



1) To a solution of a compound 48_(1410 mg, 0.30 mmof} in pyridine (1.4 ml) were adde

methanesulfonyl chloride (28 pl, 0.36 mmol), and 4-dimethylaminopyridine (cat.) at
reom lemperature, and the mixture was stirred for 3 hours. Afler 2N hydrochloric
acid was added, this was extracted wath ethyl acetate, and the organic layer was

washed with watcr, dried with sodium sulfate, and concentrated under reduced

b

d

presswre. Dusopropylether was added to erystallize the material, which was filtered

to ubtain 54 {127 ng) as a pale orange crystal at a yield of 78 %

2) According to the mothod of Exampie B-1 17), an Example compound I-1 (21 mg)
was obtained at a yield of 21 % from a compound 54 (123 mg).

melting point™ 260°C
NMR (DMSO-de)S: 3.16(3H, s), 3.30-4.15(5H, m), 4.45(2H, d. 5.7Hz), 4.27{(2H, m},
5.36(11H, m), 7.14(2H, t, 8.7Hz), 7 33(2H, m), 8 22(1H, s), 10.53(1H, s).

According to the same manner as that of Example I-1, an Example compound I-2 was

synthesized.

Example 1-2)

5-Hydroxy-1-methanesulfonyl-6,10-dioxc-1,2,3,4,6,9,9a,10-octahydro-1,4a. 4a-tr1aza an

thracone 7 carboxylic acid 1-fluoro-benzylamide

melting point: 257-259°C

NMR (DMSO-de)§: 1.80-1.9G(2H, m), 3.02-3 58(2H, m), 3.16(3H, s), 4.76(2H1, m),
5.56(1H, ), 7.16(2H, ¢, 9.0Hz), 7.35(2H, m), 8.36(1H, s), 10.39(1H, s).

Example L-1)

5,9-ihydroxy-6,10-d1ox0-3,4,6,9,9a,10-hexahydro- 1H-2-0xa-4a,8a-diaza-anthracene-7-

carboxylic acid 1-fluoro-benzylamide

{Chemical formuia 65}
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1) According to the mothod of synthesizing a compound 66, a compound 62 (278 mg,

57%) was obtained from a compound 13 (357 mg).

2) According Lo the method of synthesizing a compound 57, a compound 63 (202 mg,

79 %) was obtained from a compound 62 {278 mg)

é) To a solution of a compound 63 (200 mg, 0.403 mmol) 1n chloroform (2 ml} were
added dimethyl sulfoxide (286 ul, 4.03 mmol), and triethylamine (337 pl, 2.4% mmol),
the mixture was stirred for 10 minutes under ice-cooling, a sulfur trioxide-pyridine
complex (321 mg, 2 02 mmol) was added, and the mixture was stirred at room
tcmperaiurc for 2 hours. 7To the reaction solution was added water (3 ml), and
chloroform was distilled off under reduced pressure, followed by extraction with ethyl
acetate. The organic luycr was washed Wlﬂ; water, dned with.anhydrous sedium
sulfate, and the solvent was distilled off under reduced pressure  The crystalline

residue was washed with ethyl acetate to obtain a compound 64 (60 mg) at a yield of

30 %.

1) Using a compound 64, and according to the method of synthesizing Examnple A-1,

an Example compound L-1 was synthesized.

NMR (DMSO-da)§™ 2.98-3.10(1H, m), 3.38-3.60(2H, m), 3.80-4.20(6H, m), 4.40 4.55(2H.
m), 5 48(1H, brs), 5.85(1H, s), 7 15(2H, t, J=8.4Hz), 7 33 7 37(2H, m), 8.45(1H, s),
8 GOUH, s), 10 27-10.42(1H, m). 12.610 H, brs) ‘

fixample M-
1-Hydroxy-2,10 dioxo-2,4b,5,6,7,8,9,10-0ctahydro-4a,9a-diaza-benzolalazulene-3-carbo

xylic acid 4-fluoro-benzylamide

{Chemical forinula 66}
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1) According to the method of synthesizing a compound 21, a compound 65 {207 mg)

was obtained at a yield of 24 % from a compound 13 (250 mg)

2) According to the method of synthesizing a compound 64,.2 compound 66 {313 mg.

67 %) was obtained from a compound 65 (470 meg).

3) After trifluoroacetic acid (10 ml) was added to a compound 66 (100 mg, 0.020 mmol),
the mixture was stirred at 75°C for 4 hours. The solvent was distilled off under
reduced pressure, and this was diluted with chloroform, and added to ice water This
was washed with an aqueous saturated sodium bicarbonate solutian, a 10 % aqueous
citric acid solution, and water, and dried with anhydvous sodium suifate, and the
solvent was distilled off under reduced pressure. The residue was subjected to silica
gel column chromal:ography: and fractions eluted with chloroforim-methanol were
concentraled under reduced pressure, and reerystallized with ethyl
acetate-diisopropyl ether to obtain an Example campound M-1 (23 mg, 16 %)

melting point 281-283°C

NMR (DMS0-do): 1.43-1 52(2H, m), 1 62-1.83(3H, m), 2 04-2.18(1H, m), 2 211-2.35(1H,
m}, 4.08-4.16(1H, m), 4.48-1.53(2H, m), 5.58-5.61(1H, m), 7.11-7.20(2H, m),
7.30°7.38(2H, m), 8.29(1H, s}, 10.30-10.3611H, ), 12.78(1H, brs).

Example X-1)
(R)-6-Hydroxy-5,7-diwxu-2,3,5,7,11,11a hexahydro 1H-pynidol1,2-alpyrrotel1,2-dlpyraz

inc-8-carboxylic acid 4-fluote-benzylamide

[Chemical formula 67}
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1) Selenium dioxide (666mg, 6.0mmol) was added to the solutian of compound 2
(216mg, 1 Ommol) 1n bromobenzene (2ml). Then the mixture was heated up te 160°C,
and stuitred for 16h. After celite filtration the solvent was evaporate. The precipitate
was purified by silicagel column chromatography, and fractions eluting with
n-hexan/E1OAc were concentrated under reduced pressuve to obtain compound 100
(164mg, 71%) as a yellow oil.
1H-NMR (CDC1L)S8: 5 52(1H, s, 6.50(1H, 4, J=6.0H2), 7.36(5H, m), 7.74(1H, d,
Jd=6 JHz), 9 88(1H, s).

2) Sulfamic acid (1.50g, 15.4mmol} and NaCl0O: (1.05g, 11.6mmol) was added to the
solution of compound 100 (2.54g, 11.0mmol) in acetone (20ml) and water (30ml). Then
the mixture was stirred for 3h. The solvent was cvaporated under reduced pressure to
obtain compound 101 {(2,18ing, 80%) as a white solid.

TH-NMR (DMSO-de)s. 5.11(2H, s), 6.55(1H, d, J=5.4Hz), 7.32-7.46(6H, m), 8.21(1 H. d.
J=56.7Hz).

3) (R)-2-N-BOC awminomethyl pyrrolidine (391mg, 1.95mmol} was added to the

solution of compound 101 (400ing, 1 62mmol),



1-(d-dimethylammopropyl)-3-ethylcarbodiimide hydrochloride (373mg, 1.95mmol);
and 1‘-hydroxybenz;)trlazole (219mg, 1.62mmol) in THF (6ml) After stiiring for 16h
NaHCO3 aqueous solution was added to the mixture. The mixture was cxtracted with
IEtOAc, which was washed with NH.Cl aqueous solution and brine. The organic phase
was dried over MgbQa. After a filtration the solvent was removed under reduced
pressure to obtain compound 102 (694ing, 100%) as a white sohid

LH-NAIR (CDCL)8: 1 46(9H, s), 1.56-2.14(4H, m), 3.29(4H, m), 1.18(1H, m), 5.24(1H,
$), 5.27(1H, 8), 6.46(1H, d, J=5.7Hz), 7.35(5H, m), 7.69(1H, d, J=5.7Hz).

4) The solution of compound 102 (694mg, 1.95mmol) in HCYFEtOAc (4molfl, 8m!) was
stivred for 30 min. The soluvant was removed under reduced pressur, diluted with
EtOH (16ml) then. A saturated NaHCOa aqueous solution was added to the solution to
control pH at 9. The mixture was strred at 50 °C for 2h, then diluted with water. The
mixture was extiacted with CHCIL;, washed with brine, and dried over MgSQ4. The
solvent was removed under rediced pressurc to obtain compound 103 (113mg, 68%) as
a yellow solid. . 7

LH-NMR (CDCI)6- 1.54-2.22(4H, m), 3.60(2H, m), S.éO(lH, t, J=12 OH.), 4.18(1H, d,
J=12.0Hz), 5 16(1H, d, J=9 9Hz), 5.35(1H, d, J=9 9Hz), 6.71{1H, d, J=5.4Hz}, 7.33(3H,
m), 7 50(1H, d, J=5.1Hz}, 7 63(2H, d, J=7.2Haz}.

5) NaOAc (118mg, 1.44mmol) and bronune (0 234m), 2.62mmol) were added to the
solution of compound 103 (4081ng, 1 I1mmol} in acetic acid (Bml), stirred for 30 mn
then. An aqueous solution of NaOH (2M) was added to the mixture, and extracted
with CH:Cly, washed with brine, and dried over Na:SO.. The solvent was removed
under reduced pressure to give compound 104 (390me, 77%) as a white solid.
TH-NMR (CDCla)6: 1 65-2.19(4H, m?, 3.55-1.02(5H, m), 5.12(1H, d, J=9.6Hz), 5.35(1H,
d, J=9.9Hz), 7 29-7.38(3H, m), 7.61(1H, 5), 7.67(2H, d, J=6.6Hz)

6) Tetrakis triphenylphosphine paradium (0) (77mg, 0.067mmol) and

N, N-diisopropylethylamne (0.29ml, 1.67miol) were added to the soluuo;\ of
compound 101 (130mg, 0,334mmol) 1n DMSO (2.6m1). the mixture was stined under
€O atmosphere for 2h at 80°C . The 1eaclion mixture was diluted with a saturated
NH.Cl uqueous solution, extracted with EtOAc then. And the organic phase was
washed with brine, and dricd over NasSO: ~ The procipitate was purified by silicagel

column clhematogiaphy, and fractions cluting with MeOH/EtOAc were concentrated

(Y3



under reduced pressure to obtain compound 105 (115mg, 75%) as a white o1l.
IH-NMR (CDCLy)6: 1.56-2.33(4H, m), 3.66{2H, m), 3.90(2H, m), 4.19(1H, s), 4.66{2H,
m), 5.20(1H, d, J=9.9H%), 5 37(1H, d, J=9 9H2), 7.00(2H, , J=8 TH2), 7.33(5H, m),

7.61(2H, m), 8.39(1H, m), 10.50(1H, s).

7) A mixture of compound 105 (111mg, 0 241mmol) and paradium carbon (10%, 22mng)
in THF (8m1) and MeOH (2m1) was stirred under hydrogen atmosphere for 3h. After
celite filtcra‘l.ion the selvent was removed und;:,r reduced pressure to give the example
X-1 (57ing, 64%) as a white sohd ’

Melting pomt: 274°C

1H-NMR (DMSO-d¢)§-1.56-2.25(4H, m}, 3 .48'3.6'5(211. m), 4 01(2H, m), 1.51(2H, d.
Jd=5.7H2), 41 71(1H, d, J=9.9H2), 7.14(2H, t, J=9.0Hz), 7.J3(2H, dd, J=5.7, 8.7H2),
8.41(1H, ), 10.44(1H. ¢, J=6.0lz), 12.1801H, 3). )

The following compounds were synthesized using the similar method

Example X-2)
(R)-6-Hydroxy-5,7-d10x0-2,3,5,7,11,1 1a-hexahydro- iH pyuidol1,2-alpyrrolol1.2-dlpyraz
ine-8-carboxylic acid 2,4-difluore-benzylamade

Melting point: 300°C
1H-NMR (DMSO-do)6" 1.03-2.20(4H, m), 3.39 3 66(2H, m}, 4.02(2H, m), 4.54(2H, d,

J=6.0Hz), 4.71(1H, d, J=9 9Hz), 7 06(1H, ), 7 23(1H, n), 7.38(1H, m), 8.41L1H, s),
10.43(1H, t, J=6.0Hz), 12 19(1H, s)

Example X-3)

(R)-6-Hydroxy-5,7-d10x0-2,3,5,7,11, 11a-hexahydro- 1H-pyuidol1,2-alpyrrolo[1,2-d)pyraz
ine-8-carboxylic acid 3-chloro-2-fluoro-benzylamide

Melting point: 304°C

1H-NMR (DMSO-de)5: 3.44-3 66(2H, m), 4 01(2H, m), 1.61{28, d, J=5 4H2), 1.70{1H, d,
J=9.0Hz2). 7.20(1H, ), 7.31(1H, m}, 7.49(1H, m), 8.41(1H. s), 10 49(1H, t, J=5.THz),
12.20(1H, &).

Example X-4)
1-Hydroxy-2,9-diox0°2,5,6,7.8,9,10,10a-octahydro-1a,8a-diaza-anthracene-3-carboxylic

acid 4-fluoro-benzylamide

1HH



Melting point: 2569°C .
1H-NMR (DMSO-da)6:1.331.79(6H, m), 2.61(1H, m), 3.88(1H, m), 4.12(1H, dd, J=9 3,
14.1H2), 4.38(1H, d, J=12.91{z), 4.53(3H, m), 7.16(2H, t. J=9.0Hz), 7.34(2H, dd, J=5 7,
8.7Hz), 8.39(1H, s), 10 44(1H, t, J=6.3Hx), 12.84(1H, s).

According to the same manner as that of Bxample G-21, the following Example
compounds Y1 to Y-18 were synthesized.

Example Y-1) - ‘ - - .
(35,9a5)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,92,10-hexahydvo-2H-1-oxa-4a,8a-diaz
a'anthrnccne"?'cnrboxyhé acid 2,4-difluoro-benzylamide

Example Y-9)

(3R,9aR)-5-Hydroxy-3-methyi-G, lO‘dloxo-lj,d.G.D,Qu.10-hexahydro-2H' 1-oxa-da,8a-dhaz
a-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

" IH-NMR (CDCI6° 0.90(3H, 4, J=6.9Hz), 2.00-2.10(1H, ), 2.70(1H, dd, J=11.6,

13 4Hz), 3.41(1H, dd, J=11.2, 12.9Hx), 1.05-4.45(2H, m), 4 30-4.38(1H, dd. J=4 0,
14.1H2), 4.63(2H, d, J=5.9H4), 4.65-4.75(1H, m), 4.98(1H, t, J=3.7Hz), 6.80-6.84(2H,
m), 7.32-7.4001H, m), 8.31(1H, s}, 10.38(1H, brs), 12 37(1H, s).

Example Y-2)
(4S,9aR)-5-Hydroxy-4-methy!-6,10-dioxo:3.4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a-diaz
a-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Example Y-3) -
(1R,9a8)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,10-hexahydro-2H- I-oxa-1a,8a-dias
aranthracene-7-carboxylic scd 2,4-difluoro-benzylamide

1H-NMR (CDCL)S 1 42(3H, d, J=7.0Hz), 1.56(1H, dd, J=2.0, 14.011z), 2.19-2.30(1 H,
m), 4 02Q0H, d, J=2.2H2), 4 06(1H, t, J=2 3Hz), 4 12(1H, dd, J=6.0, 13.6H2), 1.2701H,
dd, d=4.2, 13.4112), 4.64(2H, d, J=5.9Hz), 4.95-6.05(1H, m), 5.26(2H, d, J=4 1, 5 8Hz),
6.75 6.85(2H, m), 7.30-7.40(1H, ), 8.39(1H, s), 10 38(1H, brs), 12.45(1H, s).

Example Y-4)
(2R,9aR)-5-Hydroxy-2-methoxymethyl-6,10-diox0-3,4,6,9,9a,10-hexahydro-2H-1-0xa-4
a,8a-diaza-anthracene 7 carboxylic acid 2,4-difluoro-benzylamide

Example Y-8}
(25,9a8)-5-Hydi1oxy-2-methoxymethyl-6,10-diox0-3,4.6,9,92,10-hexahydro-2H-1-oxa-da

s~



J4e

Ba-diaza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (CDCl4)6: 1.60-1.80(2H, m}, 3.09-3.21(1H, m), 3 37(3H. s), 3.35-3 50(2H, m),
4 00-4.11(1H, m), 4.24(1H, d, J=13 1Hz), 4.36(1H, d, J=10 1Hz), 4.64(1H, d, J=5.9Hz),
4.70-4 80(1H, m), 5.12(1H, s), 6.75-6.85(2H, m), 7.30-7.40(1H, m), 8.30(1H, s,

10 38(1 H, brs), 12.33(1H, brs)

Example Y-5)

(GaR.BaS.IO;l R)-1-Hydroxy-2,12-d10x0-2,6,54,7,8,9,10,10a,11,12-decahydru-6all-G-oxa-
4a, lla'diaza'naphthacene'3-carb‘oxyhc acid 2,4-difluoro-benzylamide [racemate]
1H-NMR (DAMSO-d6)8: 1.00-1.85(9H, m), 2.90(1H, t, J=4.2Hz), 4.36UH, dd, J=1.2,
12.9Hz),.4.'14'21.57(4ﬂ, m), 5.32(1H, t, J=3.9H=z), 7.03-7.09(1H, m), 7.20-7 27(1 H, w",

" 7.35-7.43(1H, m), 8.49(1H, s}, 10.34(1H, brs).

Example Y-6)
(25,9aR)-2-Ethyl-5-hydioxy-6,10-diox0:3,4,6,9,9a,10-hexahydro-2H 1-oxa-la,8a-draca-
anthracene-7-carboxylic acud 2,4-difluoro-benzylanude »
Ex.ample -7t
(2R,9aS)-2-Ethyl-5-hydroxy-6,10-diox0-3,4,6,9,92,10-hexahydro-2H-1-0xa-1a,8a-diaza-
anthracene-7-carboxylic acid 2,4 -diflunro-benzylamide

1H NMR (DMSO-d6)§ 0 87(3H, d, J=5 4Hz), 1 10-1 51(31—1, m), 1L.75(1H, d, J=10 8Hz),
3.22(1H, t, J=10.2Hz), 3 73:3.78(1H, m), 4.41-4.57(4H, m), 5.28(1H, s), 7.03-7.07(1H,
m}, 7.21-7.26(1H, ), 7.37-7.42(1H, m), 8.50(1H, s), 10.34(1H, brs), 12.48(1H, s).

Example Y-10)

(25,92S)-5-Hydroxy-6, 10-dioxo-2-phenyl-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a d1az
a-anthracenc-7-carboxylic acid 2,4-difluoro-benzylamide

IH-NMR (CDCL)S- 1.70-1 82(1H, m), 1 98(1H, d, J=9.6H2), 3.49Q1H, t, J=9.6Hz),
4.54-4.68(5H, m), 4.98(1H, d, J=8.7H=), 5.51(1H, s), 704-7 08(1H, m), 7.21-7 42(7H,
m), 8.50(111, s), 10.38L1H, s), 12.45(1H, s)

Exawmple Y-11)
(28.9a8)-5-l-lydroxy'2-isoprupyl~6,lO-dxoxc'S,-'l.G..‘).Qa,lO'hexahydro-ZH' 1-oxa‘4a,8a-d1
aza-anthracenc-7-carboxylic acid 2,4-difluoro-benzylamide

Example Y-12)

(2R, 9aR)-5-Hydroxy-2-isopropy!-G, 10-dioxo-2,4.6,9,9a,10-hexahydre-2H- 1-0xa-41a,8a-d1



Ut

azaanthracene-7-carboxylic acid 2,4-ditluoro-benzylamide

LH-NMR (DMS0-d6)§. 0.86(6H. dd, J=14.8, 13.5Hz), 1.41-1.49(1H, m), 1.57-1.69(1H,
m), 1 72-1.78(1H, m), 3.20(1H, ¢, J=6 4Hz), 3.52:3 59(1[1, m), 4.41-4 46(5H, m),

5 29(1H, s}, 7.01-7.08(1H, m), 7.21-7 26(1H, m), 7.37-7 43(1H, m), 8.50(1H, s},

10.35(1H, brs), 12.48(1H, s).

Example Y-13) oL
(35,9a8)-5-Hydroxy-3-methyl-6,10-di0x0-3,4,6,9,94,10-hexahydro-2H-1-oxa-4a,8a-diax
a-anthracene-7-carhoxylic acid 4-fluare-benzylamide

Example Y-14)

- (8R,9aR)-6-Hydroxy-3-methyl-G,10-dioxo-3,4,6,9,9a,10-hexahydro-2H-1-0xa-4a,8a-d1az
a-anthracene-7-carboxyhic acid 4-fluoro-benzylamide ’
1H-NMR (DMS50Q-d6)6° 0.81(3H.d, J=6.6Hz), 1.84-1.93(1H, m), 2.86(1H, t, J=12 5Hz),
3.48(1H, ¢, J=11 1Hz), 3 97-4 03(1H, n), 4 41-4.60(3H, m), 4.52(2H, d, J=5.9H=),
5.20(1H, t, J=3.8Hz), 7.12-7.20(2H, w}, 7 32-7 38(2H, m), 8.52(1H, s, 10.36(1H, ¢,

J=59Hz), 12.45(1H, s).

Example Y-15)
(2R,9aS)-5-Hydraoxy-2-methyl-6,10-dwro-1,4,6,9,9a,10-hexahydio-2H - 1-oxa-4a,8a -dsaz
a-anthracene-7-carboxyhc acid 2,4-difluere-benzylamide

fixample Y 16) .

(25,9all)-5-Hydroxy-2-methyl-6,10-dioxe 3,4,6,9,9a,10-hexahydro-2H - 1-0xa-4a,8a-diaz
a-anthracene-7-carboxyhic acid 2,4 difluoro-benzylanmide

11{-NMR (DMSO0-d6)6. 1.14(3H, d. =6.0Hz), 1.38(1H, m), 1.75(1H, d, J=13.811z2),
3.18-3 29(1H, m), 3.95°4.06(1H, m), 1.42-4.58(311, ), 4.51(2H, d, J=5.7H2), 5.3001 H, t,
=3 9Hz), 7 03-7.10(1H, m}, 7 20-7.29(1H, ), 7.35-7 44(1H, m), 8 50(1H, s}). 10.35(1H,

t, J=5.7Hz), 12 18(1H, s}

Example Y-17)

(25,9aR)-6-Hydroxy 2 methyl-6,10-d10x0-3.4.6,9,9a,10-hexahydro-2H- 1-oaa-da,8a-diax
a~anthiacene-7-carboxyhe acid 4-fuoro-benzylamde

Example Y18}

(2R,928)-5-Hydroxy-2-methyl-G, 10-d10x0°3,4,6.9,9a,10-hexahydio-2H- L-oxa-4a,8a-thaz
a'ankhracenc-?-;arboxyhc acid 4-fluvrabenzylamide

1H'NMR (DMSO0-d6)S 1 15(3H, d, J=6.0Hz), 1 35 -1.5001H, m), 1.75(1H, d, J=12.9Hz,



VG

3.23(1H, td, 4=13.0, 2.8Hz), 3 96-4.03(1H, m),4.41-4 59(3H, m), 4 52(2H, d, J=6 OH2),
5.30(1H, t, J=3.9Hz), 7.12-7.19(211, m), 7 32-7.38(2H, m), 8.52(1H, s), 10.36(1H, ¢,
J=6 0Hz), 12.48(1H. s)

Corresponding amino-alcohol derivatives used w syntheses of Y1 to Y- 18 were

prepared as optically pure version using methods sumslar to those deseribed in the

following reports

d-Amino-2-methyl-propan-1-0l, and 4-Amino-butan-2-ol were prepared according to
the method of Russell A Bavrow (J. Am. Chem Soc. 1995, 117, 2479-2490).
3-Amino-butan-1-o} were prepared according to the method of P, Besse (Tetrahedron

Asymmecetry 10(1999) 2213-2224),
1"Amino pentan-3-ol, 1-Anuno-4-methyl-pentan-3-ol, 4-Amino- 1 methoxy-butan-2-ol,
and 3 Amino-I-phenyl-propan-1-ol were prepared according fa the method described

in the following Literatures, U.S Pat. Appl. Publ, 2004133029, 08 Jul 2004, PCT Int.

Appl., 2002012173, 14 Feb 2002.

All examples bLelow consist of >95% ee and >6:1 diastercomeric purily unless
indicated otherwise.  The compounds shown in table Z7Z cousist of nuxtuies of
diastereomers at the depicted stereccenter in vatios of 111 to >10.1 Stercocenters
that were formed during the process' below have been assigned using NMR techuiques
well know in the art (1D and 2D method) andfor using vibrational circular dichroism
techniques. Steveochenucal assignment determunatons  were performed on
representative examples and closely related compounds were assipned by analogy an
some cases. The scheies below are meant to be general guidance to how examples
were synthesized. It will be possible that onc skilled 1n the art may teaiianpe the
order of steps or change substituents to apply the method deseribed below and 1n the

examples to construet compounds of the general formula  Additional methods known

to those skilled 1u the arl or commonly present 1 the hterature may also be applied
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to perform similar transformations and arriving at the same compounds of the

geneval formula or amino alecohol and diamine precursors.

[Chemical formula 68}

. OH O H,N /\‘_‘
= X" "oMe 106 OH
! H ——
e N, N )
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F (¢] CHO .
16a 107
Condiions A Conditions B
DCM, AcOH * 1,2-DCE, AcOH
140 °C microwave 85°C
. OH Q ;
PUC. H, F._ -~ 0. ,.L\\TJLN,\
B g N I M A
MeOH S m/ N0
H
‘ F O z_'
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[Chenucal formnula 70}
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[Chemical formula 71}

>l 0 /0 1) CICO,Me, ELN ~_
THF then NH,OH
COZH en /]/
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{Chemical formula 73}
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[Chemical formula 83)
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Example Z2-1.

1) HOL,

DCE 472 H
OH O
O~ N/\}_
i N A N \N//
H

F7~ © (.

g zz4s [

F

(3£.11a8)-N-{(2, 4-Difluorophenylmethyll-6-hydroxy-3-methyl-5,.7-diox0-2,3,5,7, 14 11a

-hexahydvo{1,3]oxazolol3.2-a

Na* p 0

T \N'f}'

a)

(3R 11a8) M[(2,4-Diftuerophenylinethyll-3-methyl-5

‘razime 8-carboxamide sodium salt

\7-d1oxo-6-{{phenylmethyloxy]-2,

3,5,7,11,1 1a-hexahydro(1,3loxazolo3,2- alpyridol 1,2-dipyracine-8-carboxamnde. To a

_solution of 16a (109 mg, 0.87 mmold 1o

dichlorocthane (20

ml)

was added

16
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(2]'{)‘2'1\min0'l'px'opax;ol (0 14 ml,, 1 71 mmol) and 10 drvops of placial acetic acid.
The resultant solution was heated at reflux for 2 h.  Upon cooling, Celite was added
to the misture and the solvents remaoved 1 vacuo and the matervial was purified via
.sillca gel  chromatography (2.'!1'. CHJOH/CH:Cl:  pradient eluuon,? to. give
(311129 N~l(‘l,fl'difluoropheuyl)mcthyll'S'|nct11yl'5,7'dx;xo-6'[(phenylmeth_vl)oxyl'2,
:_!,5,7,11,lla‘hexahydroll,Bloxazolo({S,Z-;;lpyx'ldoll.ﬁ'dlp)’raznnc'S'carboxunude (396
mg, 92%) us a glass. 1H NMR(CDCIs) & 10.38 (m, 1 H), B.42 {s, 1 H), 7.54-7.53 {m, 2
H), 7.37:7 24 (i, 4 H), 6.83-6.76 (in, 2 M}, 5.40 (d, /= 10.0 Hz, 1 H), 6.22 {4, /= 10.0
Hz, 1 H), 5.16 (dd, /= 9.6, 6.0 Hz,.l H), 1.62 (n, 2 H), 441 (m, 1 H) 1.33-4.30 (m, 2

1), 3.84 (dd, J=12.0, 10.0 He, 1 H), 3.63{dd, /= 8.4, 7.2 He, ) H)}, 1.37 (d. /= 6.0 Hz,

3 HY 158 MS: 496 (M+1).

| Y] .
(34,1128 N1(2,4-DifluorophenyMmethyll-6-hydroay-3-melhyl 5,7 -d10x0-2.3,5,7. 11, 1 L«
-hexahydroll,3Joxazolol3,2- alpyride(1,2-dlpyrazine-8-carboxamide sodrum salt. To a

solution of

(anr, 11a9)- M{(2,4-difluorophenyDmethyll-3-methyl-5,7-dioxo 6 -{(phenylmethyDoxyl-2,
3,5,7.11,11a-hexahydroll,3loxazolo[3,2 alpyridol!,2 dlpyrazine 8-carhoxamide (396
mg, 0.80 mmol) 1n methanol (30 L) was added 10% Pd/C (25 mg) Hydrogen was
bubbled through the reaction mixture via a balloon for 2 h  The resultant mixture
was filtered through Celite with methanel and dichloromcthane  The filtrate was
concentrated in vacuo to give

(3R, 11a8)-N-[(2,4-diffuorophenylinethyl)-6 hydroxy-3-methyt-5,7-d10x02,3,5,7,11, U1a-



hexahydro{l,3loxazolul3,2-alpyridol1,2-dipyiazine-8-carboxamide as a pink tinted
white sohid {278 mg, 86%) 'H NMR (CDCL) & 11.47 (m, 1 HY, 10.29 (m, 1 I}, 8.32 (s,
1), 7.36 (m, 1 H), 6.82 (m, 2 H), 5.31 (dd, &/ = 9.6, 36 Hz, 1 H), 1.65 (m, 2 H),
4.47-4.38 (in, 3 HJ, 3.93 (dd, /= 12.0, 10.0 Hz, 1 H), 3.75 (in, 1 H), 1.49 (d. J/ = 5.6 Hz,
3 H): ES* MS. 406 (M+1).  The abo\'.e material (278 mg, 0.66 mmol} was taken up
in ethanol (10 ml.) and"t.réatcd with 1 Vsodium hydroxide (aq) (0.66 mL, 0.6§ mmolJ.
Tbe resulting suspension was stuved at room temperature for 30 min. Ether was
added and the liquids were collected to provide the sodium salt of the title compound
as a white powdcl.' (291 mg, 99%). 'H NMR (DMdea) 5 10.68 (i, l Hj, 7.90 (s, 1 H),
7.35 (m, 1 H), 7.20 (m, 1 HJ, 7.01 (m, | H), 5.20 (n, 1 H}, 1.58 .(m. 1 H), 4.49 (m, 2 1),

4.22 Gn, 2 H), 3 74 (dd, J= 11 2, 10.4 Hz, 1 H), 3.58 (m, L H), 1.25 (d, J/= 4.4 Hz, 3 H)

Example Z2-2:

(daR 1325 -A{(2,4-fluorephe

a)

{42 R,13a5)- N-{(2,4-Difluorophenymethyll-y, 1-dioxo- 10-l{phenylmethyDoxy)-2,3,1a,5
,9.11,13, lau-octahydm'lH-p_yrido[l,‘.!'ﬂh)yrrolo[l',2'33.4]imida'/.u[l.‘2‘d]pyx'ﬂ?.iu(}'&'curb
oxamide. A solution of 16a (24 mg, 0.05 mmod), [(2.5)-2-pyrrolidinylmethyllamine (0.1

mL) and 2 drops of glacial acetic acid were heated under microwave conditions at 140
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*C for 10 mun. Upon cooling, Celite was added to the mixture and the solvents
removed (1 vacuo and the material was purified via silica gel chromalography (2%
CIHaOH/CH:Cly gradient elution) to give
(llaIZ,ISaS)-1\"{(2,'1-dxﬂuorophenyl)methyll‘ﬁ.|}-dmxo-lO'[(phenyln\ethyl)oxy5*2,3,40.5,
9,11,13,13a-octahydro- l.lfpyi'ido[l.2'a)nyrro!ol1'.2':3,4]imidazo[l,Z' dlpyrazinc-&-carbo
xa.mid(.z (19 mg, 71%) as a white solid. 'H-NMR (CDCL) & 1.0.41 (m, 1 H), 838 (s, L
H), 7.56 (m, 2 H), 7.38-7 24 (m, 4 H), 6.80 (m, 2 H}, 538 (d, J=96 Hz, L H), 5.10 d, -/
=10 0 He, 1 H), 1.62 (m, 2 H), 4.40 (m, 1 H), 1.25 {dd, J= 12.0, 6.8 Hz, 1 H), 4.10(d,
= 12.8 Hy, L H), 3.83 (. 1 H), 371 G, 1 H), 3.14-304 Gn, 2 H), 2.78 im. 1 H),

2.11-1.58 Gn, 4 H): ES* MS' 521 (M+1).

b}

(AaR 132 8- N2 d4-DifluorophenyDmethyl}l-10-hydroxy 9, 11-dwxo-2,3,42,5,9, 11,173,130
-octahydro-1 Il-pyr;dnll.Z‘alpyrrolol1‘.2'13,-ﬂimidazol1.'.’.'a’lpyrazinc-8~curboxam1de

To a solution of
(4a R, 1325 N-[(2,4-difluorophenyDmethyl]-Y, 3 1-d1oxo- l()'[(phon_vlxneth)‘l‘ox;']'2..'3, |§,5_
9,11,13,13a-octahydro- 1 #-pyrido[1,2-alpyrrolel1*,2'.3,4) inndazal t,2-dipyrazine-§-carbo
xamide (19 mg. 0.04 mmol) in methanol (8 ml) was added 10% PG (10 mg!
Hydiogen was bubbled through the reaction. mixture via a balleon tor 2 h. 'l?he
“resultant muxturve was filtered through Celite with methanol and dichloromethanc
The filtiate was concentrated o vacuo o give the Ltle compound (G mg, 38%) as a
white solid. 'H NMR (CDCi3) & 11.73 (m, 1 H), 10.36 Gn, 1 H), 8 31 (s, | H), 7 33 (i,

1 H), 678 (i, 2 H), 4.62 (m, 2 H), 4.50 (m, 1 H), 4.27-4.19 (n, 2 H), 3 §7-2 77 (n, 2 H),



316-3 0§ (in, 2 H), 2.83 (G, 1 H, 2.11-1 65 (m, 4 H): S5 MS: 431 (M+1)

Exoample Z2-3°

7.9-dioxo-1,2,3,324,4.5.7.9,13,132

Jpyrinmudine-10-carboxamide.

a) N-BO'C-(ZSQ'.(Hydroxymcthyl)-l'pyrrohdmc.. To a solution of MBOC-L-prohae
(4.17 g, 19 4 mmol) in THF {140 m;.) at 0 «C was added BHs-THF (21.4 mb, 1 M in TUF,
21.4 wmmol) dropwise. The bath was rewmoved and the resultant solution stirved at
room temperature for 2 b, Methanol was added to quench ti)c mixture and the
saolvents were removed 1 vacue  The i1esidue was taken up 1 cthyl acetate and
washed with sodium bicarbonate and brine “The aqueous layers weie ealracted twice
with ethyl acetate. The combined organics were dried over NaxSQ., filtered and

concentrated to give ABOC-(28)-2-(hydvoxy methyl)-1 pyrrolidine (3.82 g, 98%) as a

clcar o1l. This material was used without fnther purification  TH NMR (CDCls) &

394 (m, 1 H), 3.62 (dd, J=11.2, 3.2 Hz, 1 H), 3 56 (dd, /= 10.5, 7.2 Hz, 1 H), 3 44 (m,

1 HY, 3.29 (m, 1 H), 2.62 (br, 1 H};1.98 (m, 1 H), 1.85-1 72 (in, 2 H), 1.58 (m, 1 H)

b)  ABOC-(25)-2-({l(4-MethylphenyDsulfonylloxytmethyl)- L-pyrrolidine  To a cold
(0 °C) solution of MBOC-(28)-2-(hydvoxymet hyl)-1-pyriohdine (350 mg. 1.71 wmmol) n

dichloromethane (20 inl) was added trethylamime (029 L, 208 mmol), and



toluenesulfunyl chloride (398 mg, 2.08 mmol) N Mdemcthylaminopyridine (70 ing)
was added and the resultant solution was allowed to warm to rt as the bath w.armud
and stirved for 4 h. Water was added and the layers separated ‘The aquecus layer
was washed with soduun hicarbonate aud then with brime The combined organics

were dried over NazSO04, hiltered and concentrated followed by flash chromatography

purification . ) to give -
N-BOC-(29)-2-({[{4-methylphenyllsulfonylloxylinethyl)- 1'pyrrolidine (460 mg, 75%) as
a clear oal. 'H NMR exists as rotomers {CDCL) § 7.77 (d, 2 H), 7 33 (n, 2 H), 4 08 (i,
1 H). 3.97-3.88 (m,.l H), 3353 25 (m, 2 H), 2.43 (s, 3 H), 1.95-1.79 {m, 1 H), 1.10 and

1.35 (s, 9 H rotomeric BOC chutyl).

c) NBOC-(28-2-Cyanc-1'pyrrohdine. A mixtuve of -
A‘BOC'(‘Z;S)-Z{([(fI’mclhylphenyl)sulfo;nyllnxﬂmclhyll-l~pyrmlxdiue (460 wmg. 129
mmol) and KCN (2566 mg, 3.88 mmol) were heated at 90 +C in DMSO (10 mL) for 6.5 h
The mixture was cooled Lo room temperatuie and BtOAc and waler were added  The
organics were washed with water twice and then with brine. The aqueous layers
were extracted with EtOAc and the combined organics dried over Na:SOy, filtered and
concentrated followed by flash chromatography punfication to give N-BOC-
(25)-2 cyano 1 pyrrolidine (179 myg, 66%) as an oil 1 NMR exists as 1otomers
{CNCIaY 5 3.99 (m, 1 H), 3.43-3.37 (m, 2 H), 2.83-2.5) (m, 211), 2.17-1.83 (m, 4 H), 1.46

and 1.44 (s, 9 H rotomeric BOC shutyl).

d)  ABOCH25-2-(2 Amineethyl)-1-pyrrolidine A solution of A*ROC-

62
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(29-2-cyano | pyrrohidine (179 mg, 0 85 mmol) n cthanol saturated with anhydrous
ammonia was treated with Raney-Ni {1 ml. of 50% aq Suspension} and 50 psi of Hs
overnight. The mixture was filtered thiough Celite and ;hc filtrute was cuncentrated
an vacuo. The residue was purified by flash chiomatography (10% CHaOH'CH-:Cl»
with 1% NH.OH gradient c|ution)‘ through a short plug of silica gel to pive -
NBOC-(28)-2-(2-aminocthyl)-1-pyrrolidine (90 ang, 50%) as. a clear oil. 'H NMR

exists as votomérs (CDCl) & 3.88-3.77 (m, 1 [1), 3.33-3.24 {m, 2 H), 266 (m, 2 H),

1.89-1.54 (m, 6 Hi, 1 40-(s, 9 H).

e) {2 ((25)‘2‘l’yrralidu.\yl]ethyl}amme A solution of -
N-BdC (25)-2-(2-ammoethyl)-1-pyrrolidine {90 mg, 0.42 mmol) i THI (6 mL) was
treated with 1 A HCI (aq) 2 ml) and stirred at yoom temperature for 3 h The
mixture was concentrated n vacwo to give the title compound as its HCI salt A
partion of tlus matenul (10 mg) was dissolved in methanol and treated with solid
supported carbonate 1esin (MU -Carbonate, Argonaut Technologies) Lo frecbase the
amines.  After 30 minutes, the solution was filtered through a fritted tube and the
solvents remaved carefully mr vacuo to give {2-[(28)-2-pyrrolidinyllethyltamine (30 mg)

as its fice base  'H NMR{(CDCl) & 3.06{(m, I H), 294 (m, 1 I, 2.83 (m, 1 H),

2.79-2.69 (m. 2 H), 1.90°1 56 (m, 6 H).

1)
(3085,1309-A1(2,a- DifluoraphenylDmethyil- 7,9 doxo-8-{(phenyimothyDoxyl-1,2,3.3a 4,

5,7,9,13,13a decabydvopyrido{ 1',2".4 5lpyrazine(1,.2- alpyvroto[1,2- ddpy1imidine- 10-carb
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oxamide. A solution of 16a (30 mg, 0 06 mmol), (2‘((25)'2"1)}'nohdin)‘l!el.hyl)umxnc ]
(30 mg, 0 26mmol) and 2 drops of glacial acetic acid were hcated under microwave
conditions at 140 “C for 10 min Upon ;oolxxlg, Celite was added Lo the nixture and
the solvent removed in vacuo and the material was purified via silica gel
chromatography | (2% CHJOH/CH:Clz gradient elution} to give
{3a5,13a.5)- V- [(2.4'Dlﬂuorophenyl)mcthyll"7..9-d|dx0'8'[(phenylmethyl)oxyl' 1,2,3,3u.4,
"5,7.9,13,13a-decahydropyndul 1',24,5)pyrazinal 1.2-alpyivolol1,2-dpyrimidine-10-carb
oxamide (25 mg, 74%) as a film 'H NMR (CDCis) & 10,44 {m, 1 H), 8.32 (s, 1 H), .
7.59 (m, 2 H}, 738-7.21 (in, 4 H), 6.80 Gm, 2 1D), 5.25-5.22 (m, 2.H). 1.67 {dd, J= 13 6,

28 Hz, 1t H), 462 (m, 2 H), 426 (m, 1 H), 4.11103 (in, 2 H), 2.91 {m, I H), 2.81 {m,

1H), 237 (m, TH), 224 (m, 1 H), 1.92(m, 1 H), 1.82-1.76 (in, 3 H), 1.52-1 38 (m, 2 I).

ES' MS. 535 (M+ 1.

e)

(3a5.13a5) - M(2,4-Difluorophenyl)methyll-8 hydroxy-7,9 dioxo-1,2,3,3a,4,5.7.9,13,13a
-decahydropyrido{1',2'.4,5]pyrazinol 1.2-alpyrrolol1.2- clpyrunidine- 10-carboxamide.

To a solution of
(3a8.18a8)- A+[(2,4-difluoropheny i methyll-7,9-dioxo 8- [(phenylmethyloxyl- 1,2,3,3a.4,
5,7.9,13,13a-dccahydropyvidol 1,24, 51pyrazino{ 1.2-alpyrrolo[1,2- dpyrimidinet 10-carh
oxamide (26 mg, 0.05 mmol) m methanol (8 ml) was added 10% PA/C (10 mg).
Hy'dmgen was bubbled through the reaction mixturc via a balloon for 18 h ~ The
resultant mixture was filtered through Celite with methanol aﬁd dichloromethane.

The filtrate was concentraled i vacuo to give the title compound (14 mg, 67%) as a
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white solid. 'H NMR (CDCl) & 12.53 (b, 1 H), 10.44 (s, 1 H), 8.2y (s, 1 H), 7.34 (m,
11),6.78 (m, 2 4), 4.71-4 58 (m, 3 H), 4.29-4.14 (m, 3 H), 2.99 Gn, 1 H), 2.88 (m, 1 H),

2.44 (m, 1 H), 2.30 G, 1 H), 1.97-1.38 (m, 6 H); ES* MS: 445 (M+1).

Lxample 2-4:

(4251320 M(2.4-DifluorophenyDmethyl]l-10-hydroxy-9.11-d1ox0-2,3.42.5.9,11.13.13a
rocta hydru-.lﬂ-pxrido‘ 1.2-alp

sodium sait,

Na* g fo)
F
H O\ [ NS:‘H
N A N\/l\N\j
F (8] H
a) [(240-2-Pyrrolidinylmethylamine. To a solution of

N-BOC2)-2-(ammomethyl)- 1-pyrrohdine (1.37 g, 6.85 mmol} in THF (20 mL} was
added 4 N HCI (aq) (8§ m[.). The resultant solution was stirved at room temperature
overnight. The solvents were 1emoved 7 vacuo and the residuc was treated with
MP-carbonate vesin 1n mcethanol and dichloromethane. After 1 h, the resin was
removed via filtration through a fritted tube and the volatiles were removed carefully
1 vacuo to produce the free hased amme {760 mg crude >100%) as a oil This
material was used without further purification. 'H NMR {CNCIY 6 3.13 (n, 1 H),

2.924m, 1 H), 2.82-2 62 (i, 5 H), 1 88-1 30 (mn, 4 H)

b)

(428 13a - #[(2,4- Ihfluorop henyDmethyll-9,11-dioxo- 10-{{phenylmethyoxy]-2,3,4a.5



1z

,8,11,13,13a-octahydro- LH pynidotl,2-alpyrrolo{1,2":3,4limidazol1,2-dlpyrazine-8-carb
oxamide. In # sinular manner as deseribed 10 example 7-2 fiom 16a (435 mg, 0.93
mmol)  and (28-2-pyrrohidinylmethyllamine 4 (200 mg, 2.0 mmoll 1n
1,2-dichlvroethane (20 wL) and 15 -drops of glacial acetic acd was obtaingd
(1a s, l‘3a1?)'N'l(2,4*dlﬂuoropheuyl)mcthyl]-9,11‘dlox0' 10-{(phenylincthylloxy)-2,3,4a,5,
9,11,12,13a-octahydvo- 1 H-pyrida[1,2-alpyrrolo(1',23,4limidazo[1,2-dlpyrazine 8-carbo
xamide (321 mg, 67%) as a white solid ‘H NMR (CDCI3) 6 1041 Gn, 1 H), 835 (s, 1
H), 7.56 (Am, 2 H), 7.56-7.24 (in, 4 H), 6.80 {m, 2 H). 5.35 (d. /= 10.0 Hx, 1 H), 5 13 (d,
J=10.0Hz, 1 H), 160 (m, 2 F), 138 (dd, J=10.1,3 2 Hz, 1 f1), 14 21 {dd, ;/= 12.0, 6.8
Hz 1 H), 4.04 (dd, /= 124, 2.8 Hz, 1 H), 3.77 (appa}‘enl t, J=11.6 He, 1 H), 3 68 (m,

1 HJ, 3.11-3.00 Gn, 2 H), 2.75 (m, 1 H), 2.08-1.84 (m, 3 H), 1.65 (m, 1 K)i ES* MS. 521

(M+1)

¢)

(425, 13a) A[(2,4-DifluoroplienyDmethytl-10-hydroxy-9,11-dioxo-2,3,1a,5,9,11,13,13a
~octahydro- 1 A-pyridoll,2-alpyrrolo] l',2‘.3.4]1midazo{1,2'd|pymzmc-S'cz;l‘boxamxde

In a similag manner as described m example AN from
(425,132 1)- M2 S-difluorophenylimethyl]-9, 11 -dioxo- 10-[(phenylmethy lloxy}-2,3.4a,5,
9,11,13.13a vctahydre-1 M pyridol1,2-slpyrietel1',2'-3,4himidazo[1,2- dlpyrazine-8-carbo
xamide (518 mg, 0.99 mmol) and™10% Pd/C (35 mg) 1n methanol (40 mL) was obtawned
{1a8,13a/0)- M((2,4-DifluoiophenyDmethyll- 10-iydroxy-9,11-diox0-2,3,12,5,9,11,13,134
-octahydvro: LA-pyrido{1,2-alpyrrolol1',2°3,4imidazo(1,2-dlpyrazine-8-carboxamide

(130 g, 99%) as a white solid  tH NMR (CDCL) & 11.73 (m, 1 H), 10.36 (m, 1 H),
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8.32 (s. 1 H), 7.35 (m, 1 H), 6 79 (i, 2 H), 4.64 (m, 2 H), 4.564 (dd, /= 10.8, 4.0 Hz, 1

H), 4.28-4.19 {m, 2 H), 3.90-3 79 (n, 2 H), 3.18-3.10 (m, 2 H), 2.84 (m, 1 H), 2.14°1.92

(m, 3H), 172 (m. 1 H)

d)

(42.5.13a /0)- M [(2,4-Difluorop heayl)methyll-10-hydroxy-9,11-d1wox0-2,3,4a,5,9,11,13,13a
-octahydro-1 &-pyridol1,2-alpyrrolol1',2' 3,4himidazol] ,2-d]pyrazinc-'8'carbaxmgide
sodiwn  salt. In a simlar manner as described 1 cxample %1 fromn
(1a8.1 3311')'1\"[.(2,4-Diﬂuoropheny-ﬁmcthyl].’ 10-hydroxy-9.11-dioxc-2,3,1a,5,9,11,13,13a
-octahydra-1H-pyndal 1,2-2lpyrrolol1',2:3,4)imdazol1,2-dlpyrazine-8-carboxamide
{430 mg, 1.0 minol) and sodiur; hydroxide {1.0 L, 1.0 M aq, 1.0 mmo!) tn 20 mL of
ethanol was forined the coiresponding sodium salt (425 mg, 91%) as a white sohid
'H NMR (D10} 6 7.85 (s, 1 H). 723 (m, 1 H), 6.82 (m, 2 H), 4.51-4.146 (m, 3 H), 4.28 (m,
1 H.3 95 (n. 1 H), 3.84 (mn, | H), 3.62 (m, 1 H), 3.16 {m, U H), 2.89 (n, 1 H), 2 84 (m,

1H), 1.90 (m, 2 H), 1.73 (m, 1 H), 1 60 (m, 1 H). ES* MS: 431 (M+1),

Bxample 7-5:

(425,132 - M [(4-Flugrophenyihmethyll-10-hydioxy-9.11-dioxo-2.3 1a,5,9.11,13.13a-0ct

ahydro-] Apyrdoll,2-alpyivel :34limidazofl,2-dlpyrazine-8-caiboxamide
?H O
F /ﬂ HO\ N JI\N H
X VNW/\C\/N\/!\N
o H

The title compound wus made in two sleps using a  similar process to that described
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in example 72 16 (60 mg, 0.13 mmol) and (2/0-2-pyrrohdmylinethyllamine (100
mg, | 0 mmol) were reacted in dichloromethane (2 mL) with aceuic acid to give
(1285, 13a20)- A*{(4-fluarophenyDmethyl)-9, 11-dioxo- 10‘[(phf:nylmethyl)nxy]-2,3,4;1,5.9, 1
1,13, ISa-octah_vdro-lH’-pyrido[l.z-.alpyvrolc;l1',2'-3,4hmidazoll,2~d]pyrazme-8-carboxa
mide (60 mg, 91%). This inaterial was hydrogenated 1n a second step as described in
example Z-2 to . gli\'e'
(4:1.5',)Salt’)'N-l(d'fluerophenyl)methyﬂ'lO'hydroxy'.‘).ll'dlox0'?,3.43,5.9.ll,13.l3a'oct

:1hydm'1H-pyrido(l.2-.q];1y|-x'olo[l',2'-3,4]imida7.o“.Z:dlpyrazine‘B'ca;'boxaxx)ide (21 mg,
'42%1 as a white selid 1 NMR (CDCL) 6 11.72 (m, 1 H), 1.37 (m, 1 H), 8.33 (s, 1

H), 7.29 (m, 2 H), 6.97 Gn, 2 ), 4.57 (m. 2 H), 4.52 {m, 1 1), 4.2414.19 (m, 2 H),

3 87 3.76 {m, 2 H}, 3.14-3.07 {m, 2 H), 2.82 (m, 1 H), 2.11-1.89 Gn, 3 H), 1.68 {m, 1 H)::

155 MS. 113 (M+1).

Example 2-6"

38 11a k- V(2. 4-DifluorophenyDmnethyi}-6-hydroxy-5.7-dioxo 3 (phenylmethyl)-2,3.5.

.11 1a hexahydroll,3loxazolo[3,2-alpyridal1.2- dlpyrazine-8-carboxamide

2
The title compound was made 10 two steps using a - simnlar process to thal‘duscnhed
iy example 2-2. 16a (37 mg, 0.08 mmol) and (25)-2-amino-3-phenyl-1-propanc! (35
meg, 0.24 mmol) were reacted m dichloromethane (2 mL) with acetic acid to give

(3.5 11a - A-[(2.4-difluorophenyDmethyl]-5,7-dioxo-3-(phenylmethy ) -6-{(phenylmethy
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Doxyl-2,3.5.7,11,  1a-hexahydrol1,3Jexazolo[3,2-alpyridel 1, 2- dlpyrazine-8-carboxamide
(41 mg, 91%). This material was .hydrogenated in a second step as described 1n
cxample . . 72 to give
(3.5, 11a4)-N[(2,4-DifluovophenyDmethyl]-6-hydroxy-5,7-dioxo-3-(phenylmethyl}-2,3,5,
7.11,11a-hexahydrol},3loxazolo{3,2-alpyridel1,2-dlpyrazwe-8-carboxawmide. (25 n'ng,
75%) as a whate solid. 'H NMR (CDCI;) § 11.47 (br, 1 H), 10.28 (m, 1 H), 8.35 (m, 1
H). 7.37-7.26 (m, 4 H), 7.15 (m, 2 H), 6.79 {m, 2 H), 5.03 {(m, 1 ), 4.64-4 61 (m, 3 H),
440 (m, 1 H), 1.23 (appaient t, J = 7.2 Hz, 1 H), 5.96 (dd, /= 8.8, 6.4 Hz, 1 H), 3.88

(app:\renf, t, = 11.2 Hz, 1 H), 3.37 (dd, /= 13.6, 3.2 Hz, 1 H), 2.99 (dd, / = 13.2 8.8

Hz, 1 H): 188* MS: 182 (M+1).

4,5.7.9.13,13ude

cahvdropyridoli’,2'-4,5]pyrazinoll,2-alpyrrolo{1.2-cpyyimidine- 10-carboxamide

OH O
FU/H oS g
N
X S N\/l_l'\N
o |

The title compound was made in two steps using a similar process to that described
w1 example 7%-2, >16 (84 mg, 0.13 mmol) and {2-[(28)-2-Pyrrohdmyllethylamine {150
mg, 1.3 mmol} were reacted i dichloromethane (2 mL) with acctic acid to give
(32.5,132.5) A[{4-flucrophenymethyl}-7,9-dioxo-8-[(phenylmethylDoxy]-1.2,3,32,4,5.7,
9,13,13a-decahydropyridal1',2' 4.5)pyrazmol 1,2 alpyrrotoll,2- dpyrimidine- 10-carboxa

mide (86 mg, 90%). This material was hydrogenated mn a second step as described in
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example 22 to give
(325 1329-A-[(4-Flugrophenyl)methyl] 8-hydroxy-7,9-dioxo-1,2,3,32,4,5,7,9,13,13a-de

cahyd1‘6pyrldo[l‘,2'34,5lpyruzmo|I,Z'nlpyrrolol1,2'clpyr|m|dme-IO'carboxamide. 63
mg, 88%) as a white solid. 'H NMR (CDCI/CD1OD) & 10.45 (m, 1 H), 8.23 (s, 1 HJ.
7.35 (m, 2 ), 6 94 (¢, /= 8.8 Hz, 2 H), 4.63 (m, 1 H), 4 58-4 48 (m, .2 H),4.33 (dd, J =
13.6, 3.6 Hz, 1 H). 4.21 (m, 1 H). 4.11 G, 1 H).~2..98< Gn, 1 H), 2.85 (td, J= 13.2, 3.2 He,

1 H), 2.41 (m, 1 H), 2.29 Gn, 1 H), 192 (i, 1 H), 1 83-1.75 (in, 3 H), 1.54-1.35 (m, 2 HY

1S~ MS: 427 (M+1) -

Lxample Z2-8:

~-3-[(1.59)- 1-methylpropyll-5.7-dioxe

( 11a/d-MN-I(2 AI'Dnﬂupro henylhinethyil-6-hydrox

axazolel3.2 alpyridof1.2-dipyrazine-§-

:2,3.5, 7.1, Hla-hexahydirg{}.3

odium salt

Na- O O /
F\I//'\B " [0)8 A\‘W)LN wnH
2y '\/N\nj\\/N\,/ O)
T H

O

The tiﬂc compaund was inade in two steps using a similar process to that described
inexample Z-1  16a (117 mg, 0.89 mmol) und L-isoleucinol (259 mg, 2 21 mmol? were
reacted 1n l,2'dzcbloa-oetl\an1c (40 mL) with accic acid to give
(35.1|a/f)'N‘l(Z,’l'difluotophenyl)meth‘\'ll-(i'-[(l&)‘l-mcthylpropyl]'5,7-dloxO‘B [{pheny!
methyloxyl-2,3,5,7,11 Nla-hesahydrol1,5loxazolal3.2-alpynidol 1.2- dipyrazine-8-carbox
amide {126 mg, 90%). Tlns material was hydvogenated 1 a second step as described

in example Z1 to give
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(3S.11a I(’)'N-[(Z.«l'Dlﬂuorophen_yl)meLhyl]-G'hydroxy'tj-l(l S} 'mel.hylpxOy)yl]'5,7‘!:iiuxo
-2,3,5,7.11, 11a-hexahydroll,3loxacolol3,2- alpyride{1,2-dlpyiazine-8-carboxamide

(37.6 mg, 99%) as a coarse white solid. H NMR (CDCl1a) & 11 43 (br, | H), 10.27 (br,
1 HD), 8.32 (s, 1 H), 7.33 (n, 1 H). 6.79 in. 2 HJ. 5.26 (dd, J= 9.6, 4.0 Hz, 1 H), 4.62 (m,
2 H), 4.42:4.35 (m, 2 H), 1 19 {dd, /= 8.8, 7.2 Hz.'1 H), 4.01 (dd, J=8 s.' 5.6 Hz, 1 H),
386 (dd, J= 12.0. 10.0 Hz, 1 H).<’2.27 {m, L H), 1.40 (m. 1 H), 1 15 (m, 1 H), 0.97 (¢, J/
= 7.2 hs, 3H). 091 (d, J= 6.8 Hz, 3 1), ES* MS 448 (M+D). This material (360 mg,
0.81 munol) was treated with sodium hydroxide (0.81 mL, 10 M, 0 81 mmol) n
cthanol (15 mL) as described in example 41 to provide its corvesponding sodium salt
(384 mg, 99%) as a white solid 'H NMR (DMSO-d2) & 1082 (m, 1 H), 780 (m, 1 HJ,
7.33 (i, 1 H}, 7.18 (m, Lt H), 7.00 {m, 1 H), 5.14 (;n, 1 H), 447 {d, /= 5.6 Hz, 2 H; 1.31
Gn, I‘H), 418 (m, 1 H), 3.96 (m, 1 I(), 384 (n, 1 H), 371 {m, L H), 310 {m, 1 H), 1.88
(m, 1 H}, 136 (m, 1 H), 104 (m, L H), 085 (t, /=72 Hs, 31D,080{d, /=68 H~ 3

H): ES* MS 448 (M+1).

Example Z-9:

(85 11af8-N(2.4-Difluorophenylmethy!ll-6-hydioxy-3-methyi-5,7-diox0:2.3,5,7. U1, 11a

-hexahydroll,

F

The title compound was made in two steps using a  simlar process o that described

in example 2-1.  16a (510 mg, 1.08 mmol) and (28)-2-amino-L-propanel (0.17 mL,
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2.17 mmol) were reacled in 1,2-dichloroethanc (20 mL) with acotic acid to give
(38, 11aR)- A{(2,4-d1fluorophenyDmethyl]-3-methyl-5,7-dioxo-6-{(phenylmethyDoxy}-2,
3.5,7,11,11a-hexahydrol1,3loxazola[3,2- alpyrido{1,2-dlpyrazine-8-carboxamide (500
mg, 93%). This material was hydrogenated 1n a second step as described 1 example
Z-1 to give
35,11a 1)- N [(2,4-DifluorophesiyDmethyil-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7, 11, L ta-
hexahydro[1,3]nxaznlnlS,Z'a]pyx'iélo[l,2:d]pyrazme-é-carboxamide (386 mg, 94%) as a
tinted white solid. | "H NMR {(CDCl) & 11 46 (n, 1 ljl), 10.28 (in, 1 H), 8.32 (s, 1 H),
7.35 (m, 1 Fi), 6.80 (m, 2 H), 5.30 (dd, /= 10.0, 1 0 He, 1 H), 1.63 (m, 2 H), 4 48-1.37
(m, 3 H), 391 (dd. /= 12.0, 10.0 He, 1 H), 373 (m, 1 H), 148 (d, J = 6.0 Hz, 3 H).
1S MS. 406 (M+1). This matc;ial (385 meg, 0.95 mmol) was treated with sodiwin
hydroxide (0.95 mL, 1.0 M, 0 95 mumel) m ethanol (15 mL) as descitbed 1n example 2}
to provide its corresponding sodmim salt (381 mg, 91%) as a white solid. ‘H NMR
(DMSO-dk) & 10.66 (m, } H), 7.93 (s, 1 H}, 7.33 (m, 1 H), 7.20 (m, 1 H), 7.01 (m, 1 HJ,

5.19 Gu, THY, 459 (m, L H), 4148 (m, 2 H), 1.22 (m, 2 H), 3.75 (m, 1 H), 3.57 (m, 1 H),

1.24(d, =56 He, 3

Example Z-10:




23

The title compound was made in two steps using a  similar process to that described

in example Z-2. 16 (100 g, 0.22 mmol) and (29-2-amino-1-propanol (0.10 mL, 1 238
mmol}) were reacted i dichleromethane (2 ml} with acetic acid to give
(35,112 & N [{4-fluorophenymethyl]3-methyl-5,7-dioxo-6-{(phenylinethyDoxy]-2,3.5,
7,11, 1ta-hexahydrol1,3]oxazolol3,2-alpyridol1,2-dlpyrazine-8-carboxamide (100 g,
95%) This material was hydrogenated in a second step as described m example 22
to give
(35 11a /- N-((a-F Iumophenyl)mu.hyl] 6- hydnow J-methyl-5,7-diox0-2,3,5,7,11, 11a-he
xahydro[l,:}lo_\'z\zuloks.Z'alpyrldo[l.2'd]py1azum‘S‘carht;xamlde (80 mg, 99%) as a
white sohd  'H NMR (CDCL) & 11.43 (br, 1 ), 10.28 (bs. 1 H). 835 (s, 1 HJ, 7 28 (m,

2 H), 6.97 (m, 2 H), 5.29 (m, 1 H), 4 55-4 38 (m, 5 H), 3.89 (apparent t, = 10.8 Hz, 1

H), 3.70 {m, 1L H), 1.45 (d, /=56 Hz 3 H) ES MS 386 (M-1).

B8 11al)-A[(2.4- l)lﬂumonhen\'l\mﬂth\ll (L L-duncthylethy])-6-hydroxy-5.7 dioxo-2

3,5.7. 11, 1a-bexahydroll,3loxazole(3.2-alpyridol 1.2 alpyiazine -8 -carboxamide

!

oH 0 N

?

/ N \/N\/ o

0 H

The title compound was made 1n Lwo steps using 2 similar process to that described
i example 7-2 16a {41 mg, 0.09 mmal) and frecbased L-tereleucnol (59 mg, 0.50

mniol) were reacted n dichloromethane (2 mlL) with acetic acid (o give

(3S.Lla ) M{(2.4-difluovophenyDmethyll-3-(1,1-dimethylethyD)-5,7-dioxo-6- Uphenyln



)74

ethyloxy]-2,3.5,7,11, 11a-hexahydrol 1.3loxazolol3.2-alpyridal1,2- dlpyrazine-8-carboxa
mide (40 mg, 86%). This material was hydiogeunated 1n a second step as descatbed in
example Z2 to give
(38 11a/)-N1(2,4-DifluorophenyDmethyll 3-(1,1-dimethylethyl)-6-hydroxy-5.7-dioxo-2
,3.5.7.11, 11a-hexahydrol1,3Joxazolo[3,2-alpyrida[1,2-dlpyrazine-8-carboxamide (‘;]3
mg, 99%) as a tinted tYhite solid tH NMR (CDCL) 6 10.29 (s, 1 H), 8.37 (s, 1 H),.

7.34 (m, 1 H), 6.79 (m, 2 H), 543 (m, 1 H), 4.62 (m, 2 H), 4.36 (m, 2 H), 4.21 (m, 1 H),

3.99( ) H), 3.81 (m, 1 H), 1.03 (s, 9 H); ES* MS5: 448 (M+1}.

I nple %:12:

(3511a -Dimethylethyl)- N ((Lﬂyglophen} Dmethyl]-G-hydroxy-5,7-dioxo-2.3.5,

7,11 la-hexahydrolL.3Joxazolof3.2 alpyridol1.2-dlpyiazine-8 carboxamde

OH Q /.

)L
\( ] . ,N\/{\

~._-N \1
The title compound was made 1n two sleps usmg a  sumilar process to that deseribed
inh example Z-2 16 (41 g, 0.09 mmol) and ficebancd L-ters-lencinel (59 mg, 0.50
mmol) were reacted in  dichloromethane (2 ml) with acetic acid to gne
(35,11a -3 (1,1 dimethylethy]): A*[{1-flueropheny Dmethyl]-5,7-dioxo 6-[{phenylmethy
Doxyl-2,3,56.7,11,11a-hexahydrol}, 3loxnzolal3.2-2lpyridol1.2 - dlpyrazine-8-carboxanude
(10 mg, 85%). ‘Chis material \:'as hydrogenated 1n a second step as described in

example %22 to Rive

3.5, 11400+ 3-(1,1-Dimethylethy)- A*[{(4- fluoropheny hinethyil-6-hydroxy 5,7-d1oxo-2,3,5,



1%

7,11, 11a-hexahydroll,3joxazelol3.2 #lpyrdo(1.2-dlpyrazine-8-carboxamide (32 meg,

97%) as a tinted white solid 'H NMR (CDCIa) o 11.15 (br, L H), 1032 (s, 1 H), 8.38

(s, 1 H), 7.29 (m. 2 H), 6.98 (m, 2 117, 5.43 (m, | H), 4.58 (in, 2 H), 41 36 (in, 2 KH), 4 21

(m, 1 H),3.99( 1 H),379(n, 1 H), 1.02(s, 9 H): ES* MS 430 (M+1).

ixample 2-13: -

r

(3811a/0-M[(2.4:DifluorophenyPmethyl]-6-hydruxy-5.7-d1oxo-3-phenyl-2,3,5.7,11,11a

—he:{ah droll xazol -alpyridol 1.2 - dlpyrazine-8-carboxamide

-

N
o) )

OH
F /‘I y o] /g' )LN )
Xy (N\U 2 -N_A0
H
F o)
The title compound was made in two steps using a  suntlar process to that described
in example Z-2  16a (33 mg, 0 07 mmol and Lrphenylglyanol (19 mg, 0.14 mmol)
were  rveacted v dichlotomethune (2 mL}l  with  acene acad to  give
3S. 11a - A [lt-fluorophenyDmethyl)-5,7-dioxo-3-phenyl-6-{{(phenylmethyDoxyl-2,3,5.
7.11,11a"hexahydiall,3loxazolo]3,2 alpynidol1,2-dlpyrazine-8-carboxamide (37 g,
95%). This material was hydrogenated n a sccond step as described in example 7Z-2

to give

(38, 11a R N-[(2,4° Diflucropheny Dmethyl]-6-hydroxy-5,7-dioxo-3-phenyl-2,3,5.7,11, 11a

-hexahydrof1,3loxazolold,2 alpyridel 1.2 - dlpyrazine-S-carboxamide (35 meg, 99%) as a
tinted winte sohid 'H NMR (CDCL3) 8 11.23 (be, } H), 10.27 (5, 1 11), 8.39 (5,1 ID),
743732 (m, 6 H),6.80Gn, 2H),5.58(d, J=68 Hz, L H), 5.37 (appa_rcnt‘ t, J=6.8 Hz,

1 H), 467-4.62 (m, 3 1), 4.51{d, J= 104 Hz, 1 ), .11 {m, L H), .01 (m, 1 H). ES*



MS. 468 (M+1).

Exam Z-14

D-5.7-dioxo°2.3,

(S Ua ) N2
5.7.11.11a-hexahvydrofl.3loxazolol3,2- alpyrndofi.2-dlpyrazine-8-carboxamide

OH O OH
F Q
= N
0 -H {
Ao

>
N \/N N N\_

F o

The Utle comppound was made in two steps using a  similar process to that deseribed
in cxanple Z-2. 16a (50 g, 0.10 mmol) and
(a2 amino-i}'{\'phcnylmethyl)o.\_w]- I'propanol (0.1 ml) weie  reacted an
dichloromethanc (2 ml.) with acctic acid ta gve
(351 la!\9'-1\"{(2,-1'dxﬂuorophenyl)mcth',’l]'f),’l-dmxo‘6‘[(|)h(-nylmel,hyl)nxy] 3-{l{phenyl

mcthyl?’ox)‘lmethyl}'2.3,5.7,11.lla"hexuhydro[l,3]0)::1‘/.010'3.2'a]p_\'udul1.2'dlpyrazuw'

8-carbuxamide (61 mg, 99%). This material was hydrogenated in a second step as
described in example YA to gn’lcl
(A5 11a - N(2,4 ifluorophenyDmethyll-6-hydroxy-3-(hydroxymethyl)-5,7-d1oxo-2,3,

5.7.11. 11 a-hexahydroll,3Joxazolol3,2- zlpyiidol1,2-dlpyrazine-8-carhoxainide (37 mg,
A7%) as a tinted wlhiute sohd 'H NMR (CDC1y/CDJOD) 8 8 23 (s, 1 H}, 7.32 (m, 1 H),
G.79 (m, 2 H), 531 (d, /=76 Hz, 1 H), 456 (s, 2 H), 1.42:4 36 Gn, 3 H), 4.17-4. 11 (i,

2 H), 3.85 {m, L H), 3.62 (d, /= 11.2 Hz, 1 H).

Example 2-15.



2538 N2, 4-DifluorophenyDmethy!l-6-hydroxy-3-methyl-5,7-dwoxo-2-phenyl-2,3,5.7

-8-carboxamude.

The title compound was made in two steps using a  similar process to that deseribed
in example Z2-2.  16a (25 mg, 0.05 mmol) and (15,2 /)-(+)-norephedrine (0.1 mL) were

reacted n dichloromethane 2 ml) with acetic  acid to give

(2531 AM-1(2,4 diflvorophenyDmethyll-3-methyl-5,7 -dioxo-2-phenyl-6-[(phenylmethyl)

oxyl-2,3.5,7,11,11a-hexahydrol},3loxazolol3,2-alpyvidol1.2- dlpyrazinc-8-carboxamide
(30 mg, 99%). This material was hydrogenated in a second step as described in

cxawmple Z2 to give

(25,312 M2, 1-difluorupheny Dmethyl]-6-hydioxy 3-mathyl-5,7-divxo 2 pheny!-2.3,5,7.
11,11a-hexahydroll,3loxazolel3,2-alpyridol1,2-dlpyrazine-8-carboxanude {25 ing, 91%)
as a white sohd. This material is a single diastercomer (>6.1 diastereomeric ratio
but unconfirmed relative stercochemistry at the aminal centedd 1 NMR
(CDHCIYCDSOD) & 10.28 (m, 1 H), 8 38 (s, 1 H), 7.10-7 30 (m, 6 H), 6.78 (m, 2 H), 5 70
(d, /=7.6Hz, 111),536(d, J=52Hz 1 H), 482 (n, LH), 161 (m, 2H), 147 (d, /=

10.4 Hz, 1 H), 1.00 (apparent t, J = 10+ Hz, 1 H), 0.94 {d, J = 6.4 Hz, B.H); ES* AIS.

482 (M+1)

Exumple 7-16.

(3231129 N1(2.4-DiltuoruphenyDmethyll-G-hydvoxy 5 7-dinxo-3-{phenylmethy}-2.3.5,

)3
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7,11, 1lahexahydroll.3loxazolo[3.2 alpyridel 1.2 dlpyrazing-8-carhoxamide

The title compound was made in two 5leps using a  similar process to that described

in example 2-2: .16a (31 mg, 0.07 mmol) and (2R)'Z'aminoﬁ'pheuy!'l'prOpau.ol

(D-phenylataninel) (50 mg. 0 33 mmol) were reacted in dichloromethane (2 L) with -
acetie - . actd to give
(37,1145 M2, 4-diflucrophenyl)methyll-5,7-dioxo-3-(phenyimethyl)-6-lphenylmethy
Doxy}]-2.3,5.7.11, 5 la-hexahydial1,3loxazolol3,2- alpyrido[1.2- dlpyrazine-8-carboxannde
(29 mg. 70%). Tlis waterial was hydrogenated in a second step as described n
example 72 to . give
(31,1128 A(2,4-Difluarophanylimethyl] 6-hydroxy 5,7 dioxo-3-{phenylmethyD)-2,3,5,
7,11, 31a-hexahydrol ), 3loxazoiol3,2- alpyrido{1,2-dlpyrazine-3-carboxamide (24  mg,
98Y%) as a white solid M NMR(CDCI3) & 11.46 (b, 1 H), 10.27 Gin, 1 H), 8.33 (m, 1
H), 7.32-7.16 (m, 6 H), 6 78 (n, 2 H), 5.02 (m, 1 H), 4 61 (m, 3 H), 1.39 (in, 1 M), 4 22

{m, 1 H), 2.95 G, 1 H), 3.87 (m, 1 H), 3.36 (m, 1 H), 297 (dd, /= 13.2 8.8 Hz, 1 H);

1S MS: 482 (N+1)

Example 2-17"

QRSN lQl_;}_',Q_lﬂ\lMO|)hcnyﬂmelbyll'§'hydrg.sy'B'.(Z*methylgeryll'G,?‘diuxO'Z 3
5,7 11.11a-hexahvdrofl.3]loxazolol3 2-alpyridall.2-dipyrazine-8-carboxamid



Vsl

T

The tille compound was made in two steps using a  sumilar process to that described

in example Z-2. 16a (32 mg, 0.07 mmol) and (210'2'uni1no--l'l]xutilyl-l-pemanol (01
ml) _were reacted in dichloromethanc ’ (2 mL) with acctic ‘ acid to give
(3r1 laS)-z\'—[(‘A.'l'd|ﬂuorophcnfl)met.hyl]'3'(2'methylp\'opyl)'5.T'dlOXO'G'I(plxcnyllneLh
yl)nxy]4-2.3.5'.7,U.lla-hcxahydroll.Sloxu'/.olo[S.2'n|pyrid0[l.Z'dlpyraune.'S'curbuxamid
e {13 mg, 99%) This matenal was hydrogenated in a second step as described
example . 72 to - giwve
(3R 1129 N(2,4 l)xﬂumo‘pl\cn) l)mclhyl] 6-hydroxy-3-(2-methylpropyly-5,7-dioxo-2,3,

5,7, 11,1 la-hexahydioll,3laxazolo[2,2- alpyridef1,2-dlpyrazine 8 carboxamide (32 mg,
90Y%) as a white suhd L NMER (CDCLY & 31 47 {be, 3 H), 1020 G, 3 HY, 8.35 (s,
1 H), 739 (m, 3 H), 6.80 G, 2H), 531 (m, 1 H), 462 (m, 2 H), 441 (my, 2 HY, 4 37 (m,

THYL 388 Cn, 1 H),381(dd, #=8.0,5.6 Hz, 1 H), 204 (m, 1 HJ, 162 (m, 1 H), 1.41 Gn.

1H), 100(d, /=5.6 Hz 3 1), 0.!;9 {d, /= 6.0 Hz, 3 H). I58* MS: 448 (M+1),

Example Z2-18

Ga R 14a - N((2:4 Mfluoropheny)methyl]- 11 -hydroxy-10,12-dioxo-1.2,3.4,52.6,10.12
J1da-decahydropyridol1,.2-alpyndof1.2::3,4himidazal1,2-dlpyiazine -9-carhoxamide

QLY




&

a) 1,1-Dimethylethyl (2/2-2-(aminocarbonyl)- 1-pipendinccarboxylate. To a cold (0

°C) solution of (27)-1-{l(1,} dimethylethyloxylcarbonyll-2-piperidinecarboxyhe acid
(1.0 g. 4.36 mmal) in THF (20 ‘mL) was added tricthylamine (0.60 ml, 4.36 mmol)
followed by slow a;idition of methyl chloroformate (0.34 ml,, 1.3¢ wmmol).  After a few
minutes a suspension had formed. To this mixture was added concentrated NH.OH
(1.6 L) and the solution was allowed to warm to rt as the bath warmed and stirred
for a total of 4 h. The nuxture was concentrated /n vacue and the residue‘ was taken
up in FLOAc. The omiganic layer was washed with citric acid, bicard and then buine,
dried over Na:SO4 Filtiation and con:celxt;-atiolx . gave 1,1-dimethylechyl
(2[?)‘2‘(aminocarbonyl)'l'pu)eru.imr:carboxylate (10 g 99%) 'H NMR (CDCiO 5 G.03
(br, 1 H), 545 (br, 1 1D, 4.77 (br, 1 H), 1.06 (by, 1 H), 2.82 (;n. 1 H), 2.29 (m. | H), ~

1.67-1.43 {m, 13 H).

LY 1,1'Dimethylethyl (2/0-2-cyano-1-pipendinecarboxylate.  To a cold (0 “C) solution
of 1, 1-dimethylethyl (2R)-2-(aminocarbonyl) 1-piperidinecarboxylate {269 mg, 117
mmol) in THF (10 mL) was added tricthylamine (033 wml., 2.34 mmol) and then
trifluoroacetic anhydride (0 17 mbL, { §7 mmol)  The minture was stirred at 0 «C for
1 h and concentrated in vacwo. The residue was taken up in EtOAc and washed
successively with sudium bicarbonate, 0.5 VHCl and brine. 'The organics were dried
over NaaS04,  filtered and concenlvated 16 give 1,1 dimethylethyl
@n Z-cymm-1-|;ipcridinecarbaxy‘mte {265 mg, 99%} as a crystalline sohd upon

standing. ' NMR (CDCly) 8 5.23 (b, 1 H), 4.05 (br, 1 H), 2.93 (br, 1 H), 1.93-1.39 (m,

G ), 1.46 (s, 9 ID)
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¢ 1 i-Dimethylethyl (2/)-2-(aminomethyl)- 1-piperidinecarboxylate  An ammoma
saturvated ethanol solution of 1,1-dimethylethyl (2&) 2-cyano-1-piperidinecarkoxylate
{255 g, l.lQ.mmol) was reduced with Raney-Ni in a similar manner o that
dt;scribcd in example 43 to gi:'e after filtration through a short plug of silica,
1.1-dimethylethyl (2/)-2-(ammoinethyl)-1-piperidinecarboxylate (236 mg, 91%), as an
oil. 'H NMR (CDCI/CDsOD} 8 4.15 (br, 1 H), 3.97 {m, 1 h), 2.96 (m, 1 H), 2.75-L.69

{m, 2 M), 2.23-2.08 (m, 3 H), 159-1 55.Gm, 3 H), 1.43 (s, 9 H).

d) [(21?)'2'Pxperidmylmcthyl]aminen bis HCI salt. A solution of 1,1-dunethylethyl
(2[1’)‘2'(8mmonfeth)'l)'l‘plperidmecarboxylat_c (236 mg', 1.08. mmol) 1n THEF (10 mnl)
was treated with 4 VHCI (3 ml) as dcscribeci in example 2-3 to mive Lhe bis HCI salt
ofl(2 ) 2-Piperdinylmethyllamune 'H NMR (DMSO-ds) 8 9.67 (br, 1 H), 9.48 (n, 1
H), 8 43 (br, 2 H), 370 (by, 2 H), 3.20 Gn, 1 H), 3.04 (i, 1 H), 2.86 (m, 1 H), 1 89-1.41

(m, 6 H).

e)

(5a 2, 14a /- N {(2,4-DifluovopheuyDmethyll-11-hydroxy-10,12-diexo- 1,2,3,4,52,6, 10,12,
14, 4a-decahydropyrido{1,2-alpynidol1°,2:3,dhnidazol 1,2-dlpyrazine-9-carboxamide
The title compound was made in two steps using a  similar process to that described
in example %-2. 16a (50 mg, 0 11 mwol) and {(2/) 2-Piperidinylimethyllamine (150
wg, 1.31 mmol) (frec based using carbonate resin as described 1n example Z+3) were

reacted n dichloromethane (2 mL) with acetic  acid to give
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(5a/t,14a ) N {(2 4-diflnorop henylimethyl]-10,12-dioxe 11-{(phenylmethyloxyl-1.2.3.4
',53.6.[0,]2.14,l4a'de.cahydrop_vndo[1,2'4:]p)'x'ldoll'.2'13,4|nmdazolI.Z'd]pyrazine'!)'car
boxamide (50 mg, 88%). This material was hydrogenated in a second step as
described m - example 72 to give
(SaR.lda[?)‘N((2,-1-'dlﬂuorophenyl)methyll-ll'hydroxy~10‘12'dnox0'l.2.3,4,53:6.10.12.
14,l4a'decahydropyri.do[1.2'a]pyridoll‘.2'13,d]im|dam[l,Z'd]pyrazme'.‘)'carboxamid'c
(11 mg, 41%) as a white solid. 'H NMR (CD;OD/CDCL) 8 16.46 (m, 1 H), 832, 1
H), 7.31 (m, 1 H), 6.80 (n, 2 H), 4.61:4 52 (m, 3 H), 4.14 (dd, J = 10.4, 2.8 He, 1 H),
-3.91-3.82 (m, 2 H), 3.19 (apparentt, J =10 8 Hz, L M), 3.08 (d, /= 10.4 Hz, | H), 2.50 -

(m, 1H), 227(m, 1H), 1.99-1.30 m, 6 H): ES* MS: 445 (M+1).

Example Z-19

(283.5)- A2 4-Diflupraphenyllmethyll-6-hydroxy-3-[{methyloxydmethyll:5.7 digxo-2-p

henyl-2.3.5.7.11.11a-hexahydro[1.3Joxazolo{3.2'2

The title compound was made 1n two sleps using 2 similar pracess to that described
n example %-2.  16a (36 nig, 0.07 mmol) and (2/)-2 amino-d-methyl-1-pentunol (0 1
nl) were reacted i dichloromethane {2 ml) with acetic acd to give
25,39 A{(2,4-difluorophenyDmethyll-3-[(methyloxy)methyl} -5 7-doxo-2-plhienyl-6-[(p

wenylmethyloxy]-2,3,5,7,11, t1a-hexahydiol1,3)oxazolol3,2-alpyridol 1,2 - dlpyrazine-8-c
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arboxamide. This mnt‘erml wus hydrogenated in a sccond step as described in
example Z-2 to give
(25,38 - A-[(2,4-Difluorophenymethyl]-6-hydroxy 3 [(methyloxy)methyll-5,7-dioxe 2 p
henyl-2,3.5,7,11,11a-hexahydrol1,3loxazola{3,2-alpyridol 1,2 dlpyrazine-8-carboxanude |
{25 mg, 64% for 2 steps) as a white solid.  This naterial is a single diastereomer
(>6-1 diastereomeric ratio but unconfirmed velative stercochemistry at the aminal
center) 'H NMR (CDCls) 6 11.48 (by, 1 H), 10.30 (m, 1 H), 8.39 (5, | H), 7.39-7.24 (m,
6 H), 6.78 (m, 2 H), 5.46 (dd, J/ = 10.0, 3.6 He, 1 H), .33 (d, /= 72 He, 1 H), 1.63 (m,

2 H), 4.54 (dd, J=124, 4.0 Hz, 1 H), 4.19 (m, 1 H), 4.12 (dd, /= 104, 3.2 He, 1 H),

4.06 (m, 1 H), 3.55(dd, J= -10.4. 1.6 Hz, 1 H), 3.40 (s, 3 H), E5* MS" 512 (M+1}

Ilxample Z-20.

(35 11a#-3-(Cyclohexylmethyl}- A*[(2 4-difluoraplienyDmethyl-6-hydroxy 5.7 -dioxo 2
3,5.7.11, 11a-hexahydro[1,3loxazolol3 2-alpynide[1.2- dlpyrazine-§-carboxamide

OoH O

Foy o,
] H
N N X N\_, ~0 .
F (6] H
The title compound was madce n two sleps using a  sumilar process to that described
in example 4-2. 16a (36 mg. 0.08 mmol) and {25)-2-ammo-3-cyclohexyl-1-propancl
(30 mg, 0.19 mmol) were reacted  dichloromethane (2 mL) with acetic acid to grve
(35,11a B1-3-(cyclohexylmethyl- A*[(2,4-diflucropheny ) methyl)-5,7-dioxo-6-[{(pheny lme
thyl)oxy;'2,3.5,7.ll,l1a'hexahydro[i.B]oxnzololfi,?.‘.ﬂpyrldo(1.2'd]pylazine'B*carboxu

mide (27 mg, 61%). Tlus material was hydrogenated 1n & sccond step as deseribed in
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example 72 to _ give
(35 11a - 3-(eyclohexylmethyD- A[(2,4-difluorophenyl)methyl}-6-hydroxy-5,7-doxo-2,

3,5,7.11,11a-hexahydroll,3]oxazolol3,2- alpyridol1,2-dipyrazine-8-carboxamide (25 mg,
99%) as a white solid.  ‘H NMR (CDCl3) 5 11.48 (br, 1 H), 10 28 (s, 1 H), 8.33 (s, L H),
7.33 (m, 1 1), 6.78 {m, 2 H), 5.29 (in, 1 H), 4.61 (m, 2 H), 4.47-4.33 (m, 3 H), 3.87-3.81

(m, 2 H), 2.05 (m. 1 H), 1.75-1 64 (m. 6 H), 1.39 (m, 1 H), 1.25-1.14 (m, 3 H), 1.02-0.97

(in, 2 H): ES* MS 488 (M+1)

Lxample 2-21
(38511a-AN-[(2.4-DifluorophenyDmethyll-6-hydroxy-3-(1-methylethyl)-5.7-d10x0-2.3,.5

.U lla'hexahydroll',3loxazoldl!3 2'n|pyndo]l,2'1{2;111‘:&{11\@'8‘carboxamiﬂq._

SR
T X
F O
The title compaund was made in_two steps using a  simalar process Lo that desceibed
m example Z-1  16a (42 ing, 0 09 mmol) and (25)-2-ammo-3-methyl-1-butanol 0.}
mL) were reacted m 1.2-dichlorocthane (8 ml) with acctic acid to give
(3.5',11aR)'A"l_(?.,d'diﬂumupheuyl)methyl]'3'(1'1nctllyleti\)'l)'5,7'(1loxO'G'[(phenylmcl.hy
Doxy}-2,3,5,7, 11, 11a-hexahydrol1,3loxazolol(3,2-alpyridel1,2-dlpyrazine-8 carboxamide
(40 mg, 86%). Tlus naterial was hydrogenated in a sccond step as described in
example AN to give

381 1ai-N-[(2,4- dlﬂumophuu}l)mcthyl] 6-hydroxy-3-(1-methylethy-5,7-dwx0-2,3,5,

7.11,11a-hexahydrol1,3Joxazolal3.2- alpyridol1,2-dlpyrazine-8-carboxamde (34 mg,
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1H NMR (CDCL) § 10.29 (by, T H), 8.36 (s, 1 II), 7.33 (m, 1 H),

99%) as a white solid.

6.79(m, 2 H), 529 (d. /=64 Hz, 1 H), 461 {m, 2 H), 1.44(d, J= 9.6 Hz, 1 H}, 4 34 {m,

1TH), 4 17 tm, 1 H), 1.02(dd, /=84, 5.2 Hz, 1 H), 3.86 (in, 1 H), 2.37 {(m, 1 H), 0.97 (i,

6 H)i  I£8* MS 434 (M+1)

Example Z-22.

The title compound was m.ade in two steps using a  sumilar process to that descriled
n esample 71, 16a (12 mg, 009 mmol} and
(15,240 1-amino-2,3-dihydro-1 H-inden 201 (100 mg, 0.67 mmo'lﬁ‘ were reacted m
1,2-dichlorocthane (;’3 mL) with acetic acid to give
(6a 72,1128} M(2,4-difluorophenyl)methyl)-11,13-dioxo- 12-[{phenylmethyloxyl-5a,64,7
11,13, 14a-hexahydro-5 Handenol 1,224,531 1,3leaazolo(3,2- alpyridol 1,2 dlpyrazine- 10-¢
arboxamnide (55 ing, 99%) This matevial was hydrogenated in a second slep as
described in example 71 to give
(5:111’,1-1aSJ'.'\"[(2,4'd1ﬂuumphcnyl_)mcth_\'l]'lZ'hydxuxy‘ll.l3'di0x0'5a,60.7.ll,l.'],l'kl

hc:;ahydroﬁH'indeno[l'.2'-4,5]{1.3]nxazolol3,2'a]pyrido[l.2'dlpyrazme'10'carboxam1d

e (15 mg, 97%) as a white sohid.  'H NMR (CDCI) & 10.28 Go, 1 HY), 833 (s, 1 1),
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7.69(d, /=72 Hz 1 H), 7.34:7.19 (m, 4 H), 6.78 Gn, 2 H), 5.96 (d, /= 6 0 Hz, 1 H),
5.32 (in, 1 H), 5.22(m, | H), 4.60 {m, 2 H), 1.45 (d. J=9.2 Hz, 1 {}, 3.96 (apparent t, ./

= 10.8 Hz, 1 H), 3.40 (dd, /= 18.0, 6.8 Hz, 1 H), 3.24 (d, /= 176 Hz, 1 H); ). E&*

MS: 480 (M+1).

Example Z-23 & 7-21.
2532 11a8)- N(2.4-DifluorophenyDimethyl -6-hydroxy:5,7-dioxo-2,3-dipheny}-2.3.5.7.

The title compounds were made in lwo steps using a  similar process to that

described in  example Z-1. 16a (10 mp, 009 mmol) - and

(15,270 -2-ammo-1,2-diphenylethanol (50 mg, 023 wmoD wers reacted in

1,2-dichloroethane (63 mL) with acctic acid to pive

(28371 aS)'N-[(:Z,4-dlﬂuoropheﬁy"methy!l-.’i,?-dmxo-2,.')-dmhenyl'ﬁ'((pl\eu_vlmeth_'.'l)
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oxyl-2,3,5,7.11,11a-hexahydiol1,3loxazolo(3,2- alpyridol1,2- dlpyrazine-8-carboxamide
(34 mg, 63%) and
(2.5',31{,lla1()'1V[(2,'l'dlﬂ|;|ox'ophenyl)mcthyll'5,7'diax0'2,3'diphcnyl'6~[(phcnylmethyl)
oxyl-2,3,5,7,1l,\la-hcxahydru[l,3Toxa7.olol3,2'n]pyrido[1.2'dlpyrazmc'S'carboxamxde
(13 mg, 24%). ‘These materials were hydrogenated 1u a second step as des.cribed in
example Z-1 to . give
. (2-5'.3!?.11&;5) N-[(2,4'Dlﬂuorophcuyl)methyl]'6-hydroxy'S-,'T'diox0'2,3'diphenyl'2,3,5,7.
11.1la-hoxahydro(1,3loxnzolo{3,2'n]pyrldo[l,2-d]pyrazme'8'carboxafmdc (exa;mplc‘
7-23, 29 mg. fl'!)%). as a white sohd and
(2S,3R11a0-N(2,4-d1fluorophenymethyl]-6-hydroxy-5,7-dioxo 2, 3-dipheny!-2,3,5,7,
11,11a-hexahydro{l,3}oxazolal3,2-alpyridol1,2-dlpyrazinc-8-carboxamide {example
Z-24, 10 mg, 8Y%) as a white sohd respectively For example Z-23° 'H NMR
(DMSO-da 6 10.29 (¢, /'= 56 Hz, 1 H). 8.55 (s, 1 H), 738 (m, 1 H), 7.22 (m, 1 HJ,
7.11-6 95 (m, 11 1), 6.16 (dd, J=101, 36 Hz, 1 ), 571 Gn, 2 H), 4,90 (m, 1 1), 4.51
{m.2H),14.38(t, J= 11 2 11z, | H). ES' MS 541 (M+1). For example Z-24: H NMR
(CDCL} & 11.64 (br, 1 H), 10 30‘(5, 1 H), 8.45 (s, 1 M), 7.31 (m, 1 H), 7.01-6.90 (m, 10

H), 680 {m, 2H). 556{m, 21,542, /=6.4 Hz, 1 H), 1.73 (;m, 1 H}, 4.63 G, 2 1),

4149 (m, } H): 158* MS: 544 (M+D)

IExample 4-25:
(31129 A2, 1-DiflworophanyDmethyll-6-hydroxy-3-(1-mothylethyl)-5 7-d10x0-2.3.5,
7.1 11a-hexahyvdro{l,3luxazolold.2-alpyridel!.2-dlpyiazine-8-carboxamide.
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The title compound was mmade in lwo steps using a simllurvprm:uss to that described
in example Z-1. 16a (40 mg, 0.09 mmal) and (2/)-2 amu\_o~:43'mcl.hyl-l’butanol (0.1
ml} were recacted 1n I,Z'dxchluroct-hanc (8 mnl) with acetic acid lo give
(31(’.lla.’:J'A‘[(Z.ll~diﬂuorophenyl)methyl]'3'(l'meth_ylctlxyl)-.‘i,'i-dioxo*ﬁ-((lzhcnylmcthy
Doxyl-2, ,5,7,l.l,lla'hexahydro(1,3]oxazolo[3,2-:llpylidolI.Z'dlpyramne'8'carboxamidc
(41 mg, 92%). This matenal whs hydrogenated 1 u second step as described in
example . 41 to give
(3%,1125- M(2,4-DiflucrophenyDmethyl)-6-hydroxy -2-(1-methylethyD-5,7-diox0-2,53,5,
7.11.11a-hexahydrof1,3loxazolol3,.2- alpyridell,2-dlpyrazine-8-carboxamide

(32 mg, 91%) as a white sohd.  'H NMR (CDCLY) 8 11.42 (br, 1 H), 10.27 Ly, 1 H),
834 (s, I H), 731 {m, L H),678(mn, 2H), 528, J=60Hz 1H) 160 {m, 2 H), 1.142
(m, 1 ID), 4.33 ('m. 16D, 4.16 (m, 1 H), 4.01 (dd, &/ = 8.5, 52 Hz, 1 H}, 3.85 tm, 1 H),

237 (m, 1 H), 097 (d. J=68 He, 3 H), 095 d, / =G4 Hz, 3 H), 1S+ MS 434

(M+1)

Exawple 2:26

(35 11a M- Af(2.4-Difluorapheny Dmethyl]-6-hydvoxy-3-12-Gnethylthiolethyl]-5,7-dioxo

2,305,711 11a hexahydroli 3luxasolol3.2-alpyrido]1.2-d]pyrazine-8 cavbosapude
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The title compound was made in two steps using a  similar process to that deseribed

in example Z-1. 16a (43 mg, 0.09 mmol) and (29 2-amino-1-(incthylthia) 1 butanol

(0.1 mL) werc reacted n 1,%2-dichlorcethane (5 ml) with acetic acid to give
(35, 11a M- A[(2,4-difluorophenyDmethyl!}-3-[2-(methylthio)ethyll-5,7-dioxe-6-H{p henyl
_ mcLh_yl)oxyl-2,3,5,7.ll,lla~hcxahydro[1.3)oxuzo|0[3.2‘;1||r_\'1*ldo[l,2'dlpyruzmc'S'carbO(
amde (41 meg, 81%). This. material (20 mg., 0.04 mmol) was treated v.-?r.h
trifluoroacetic acid (1 mf.) in dichloromethane (3 mL) at 0 ¢C to vt over 6 b The
mixt.urr_‘ was concentrated in vacuo and subjected to reverse phase preparative HPLC
purification to provide
(3S.11a /- M(2,4 DifluorophenyDimethyl]-6-hydroxy-3-{2-Gnethylthiclethyi]l 5,7 dioxs-

2,3,56,7,11,11a -hexahydro{1,3Joxazalol3,2- alpyridel1.2- dlpyrazine-8-carboxamide
) (12 mg. 72%) as a white sohd. _ "H NMR (CDCI») & 11 35 {hr, 1 HI, 10 25 {s, 1 H),
B.34 (s, 1 H), 7.33 (m, L H), 679 {m, 2 M), 5.32 (n, 1 H), 4.62-4 53 (i, 3 HY. 143-139

{m, 2 H), 3.91-3.87 (m, 2 H), 2.63-2.53 (in, 2 H), 2.39 (m, 1T H), 2.12 (s, 3 HY, 1.89 (i, 1

H). ES' MS: 466 (M+1).

Example 2-27

GBS UaR)-M(2.4 'Dxﬂuomphunyl)mellwﬂ-ﬁ-hvdroxy‘3-[2~(metlw@fouiyl)elm'lj-s,.?*dn

©x0°2,3,5,7,11,11a-hexahydro(l. 3loxazolof3.2- alpvrido[1.2 dlpyrazine 8-carboxamide
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‘To a solution of
(35 11a k- NV-1(2,4 ’dxﬂuorophcnyl)mcth_vl]-3-l2'(mcthylthlo)cl.hyll'ﬁ,‘T-dioxo'G'[(phenyl

methyloxy]l-2,3,5.7,11,1 la-hekahydrol1,3}oxazolo(3,2- alpyrido{1,2-dlpyrazine-8-carbox
amide (20 ing, 0.04 mmol) in dichloiomethane (5 mL) at 0 °C was added mCPBA (20
mg, 70%, 0.082 mmol). The resultant solution was allowed to warm as the bath
warmed and stiried a total of 3 h. The ;'caction was quenched by the addition of
Na2S20, (aq) and sodum bicarbonate  The ‘lnyer‘& were separaled and the organic
layer washed with brine The aqueous layer was extracted with c.hch!m'om.ethane
and the combined organics dried over Nn:SOa. Filtration and concentration p)'ovid;:d
(35'.11a[t")'l\"[(z,'l'diﬁuoropheuyl)methyll'3'12'(mcthylsulfonyl)e(.hyl|'5,7'diox0'6'[(phc
nylmethyl)oxyl-.‘!.:l,."),’i,ll,lla-hexahydroﬁ,3|oxazolof3,2'alpyndo[l,2-:1’]pyrazine-8'car
boxamide (26 mg, 99%) as a white solid  This material was hydrogenated 1n a second

step as described m example YA to give
(3.9.1laR)'N'[(2.-1'Diﬂum‘opheny])mcthyl]‘6']\ydrox;."3'[2'(mcthylsulfonyl)ethy”'5,7'd1
oxo'2,'J.5,7.1l,Ua'hexahydro[l,3]0xazola[3.2-nlpyndo[l,2~d)pyruz:nc'&carboxamidc
(22 mg, 99%) as & white sohd.  tH NMR (CDCLy) & 11.00 (br, 1| H), 10.16 (s, L H), 8.33
(s. 1 H), 7.36 (m, } H), 6.81 Gn, 2 H), 5.12 {m, 1 H), 4162 (m, 3 H), 4.41 (0,2 H), 3.93
(m, 2 H), 3.31 tm, 2 H), 2.98 (s, 3 HJ, 240 (in, 1 H), 2.28 (m, 1 H); [:S MS: 498 (M+1).

.
f/

Example 4-28
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(3S. 11a - M1(2.4-Difluoropheuylimethyl]-6-hydroxy-3-(1 - mdol-3-yhinethy)-5,7 -d10x0

:2,3,5,7,11,11a -hexahydro{1,3loxazolo[3.2- alpyridoll,2- dlpyrazine-§-carboxamide

oH O
Fe s N Y”w
Qvﬁ N Ao
F 0] H

The title compound was made in two steps using a  sumilar process to that deseribed

in example yAY 16a (143 mg, 0.09 mmol) aund

(25)'2-nmmo-3-(lH-x;’xdul'ls-yl)-l~|;mpunul (100 mg, 052 mmoll were reacted in
. 1,2-dichlorocthane (5 ml) with acetic acid to give
(3S.11a i) & 12,4 -diftuorophenyDinethyl]-3-(1 Hindol-3-ylmethyD-5,7-dioxo 6-[(phenyl

methyloxy] 2,3,5,7,11,11a-hexahydro(1,3Joxazolo{3,2 - 2lpyr1dol1.2- dlpyrazine-S-carbox

amide (36 mg, 61%). This mnaterial was hydrogenated in a second step as described

n example 7-1 to give
(3811209 A 1(2,4-Difluorophenymethyl]-6-hydroxy-3- LA 1ndol-3-vlmethy])-5,7-droxo
"2,3,5,7,11, 11a-hexahvdvol1,3loxazotol3,2- alpyidal1,2- vlpyrazine-8-carboxamide (20
mg, 95%) as a white sohd  'H NMR (CDCL/CDHOD) 6 10 34 Gn, 1 HY, 8 98 U | H),
824G, 1 H), 758(d, J=8.0 Hz, 1 M), 7.32 (m, 2 H), 7.15-7.01 {m, 3 H), 6.78 (m, 2 H),
491(d, /=68 Hx, | H), 4.71{d, J=56 Hz, 1 H), 4.59 (m, 2 H), 135 (J, J=10.1 He, 1

HY, 4.22 (n, 1 H), 399 (n, 1 H), 3.81 (n, 1 H), 3.40 (dd, /= 13.0, 11.6 Hz, 1 Hi. 3.18

(dd, J= 14.0, 8.4 Hz, t HY RS> MS 521 (M+1).

N

Example 7 29°

(42122 B)- M1 -fluorophenyD inethyl] T-hydrony-4-methyl-}-(2-methylpropy 6,8 diox
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0-1.2.3.4,6.812, 12a-ggtahydrom-r:dol 12 4.5|pyrazinol 1.2-alpyrimidine-9-carboxamtd

i

a) (21)-2-({(1,1-DimethylethyDoxylearbonyliaminalpropyl n;ethanestllfonntc. To a
stirred solution of 1,1-dimethylethyl [‘:lff)'2'|\ydmxy‘]'methyleti\yllcarbamatc (500¢,
28.5 mmol) and triethylamine (5.92 mL, 42.9 mmol) in CHzCl2 (30 ml.) cooled to 0 °C
and under a nitrogen atmasphere was added dropwise a solution of methanesulfony! _
chloride (2.43 ml, 31.5 minol) 1n CH:Chk (25 ml). Stirring was con.tmucd for 20
minutes at 0 °C, after which tim; the reaction was judged complete by TLC analysis
(I:1 hexanes/E1QAc) The solution was poured into water and the layers were
separated. The organic phase was washed with 01 N HCI and then with 5%
NalCOa, dried over Na2S0,, filtered and concentrated to give
(24)-2-({{(1, 1 -dimethylethyDoxylcarbonylanuno)propyl  methanesulfonate (7 08 g,
98%) as a white sohd. .‘H NMR (400 MHz, CDCIN 6 123 (d, J=6 8 Hz, 3H), 1 14 (s,

9H), 303 (s, 3H), 3.97 (m, 1H), 4.15 (dd, /= 4.2, 9.8 Hz, 1H), 4 21 (n, 1H), 4 61 (k1 s,

1H).

b) 1,U-Dimethylethyl [(1/)-2-cyano-1-methylethyllcarbamate. To a stirred solution
of (2M-2-(l(1,1-dimcthylethyloxylcarbonyllamino)propyl mecthanesulfonate (7 08 g,
27.9 mmol) 1w DMSO (50 mL) was added NuCN (3.78 g, 84.0 mmol) The solution

was stined at 70 °C for 2 hows, over wluch time the formation of a precipitate was
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observed  After cooling at room temperature, water was added and the mixture was
extracted with Et:0. The _ethereal layers were washed with a brine solution, dried
over lezde, filtered and concentrated to give 1,}-dimethylethyl
(1 )-2-cyano-1-methylethyllcarbamate (3.81°g, 73%) as a pale yellow solid. 'H NMR
(100 MHz, CDCL) 6 1.30 (d, / = 6.8 Hz, 3H), 142 (s, 9H), 2.5) (dd, J = 3.8, 16.6 He,

1H), 2.73 (m, 1H), 3.93 (in, 1H), 4.63 (br s, 1H).

c) 1,1-Dimethylethy!  [{1/0-3-amino-1-methylpropyllcarbamate. A solution of
1, 1-duncthylethy! ((llf)'Z't;yano-_l'mcthylethyl]carbama.tc (1.30 ¢, 7..1 mnol) in
el.h:;nul saturated with anhydious ammonia was tmatcd- with Raney-Ni (1.5 mL of
50% aq. Suspension) and 55 pst of Hz overnight. The mixture was filtered through
Celite and the filtrate was concentrated in vacue. The résic!ue was purified by flash
chromatogiaphy (80:19:1 CHzCl/MeOH/NH4OH (37%) gradient elution) through a
‘short plug of silica gel to give 1, 1-dimethylethyl
[(172-3 awino 1-methylpropyllcarbamate (1.37 g, 100%) as a clear ml that solidified

'H NBR (100 MHz. CDCI) 6 1 14 {d, J= 6.8 Hz, 3H), 1.43-1.62 (m, 13H), 2 76 (m, 2H).

3.7 Gn, 1H), 4.567 (m, 1H).

d) 1,1-Dimethylethyl {(ll()'1.:methyl'3'((Z‘meth_vlpropyl)amuxolprop_v])carbnmate.
1,1 dimethylethyt [(1/)-3-amino 1 methylpropyearbamate (0.320 g, 170 mmol,
isobutyraldehyde (150 pl, 1.62 mmol), and sodinm triacetoxyborohydride (0.512 ¢,
2 12 mmol) were stined in anhydrous dichloroethane (10 mL) at ambient temperature

overmght  The reaction was qucnlwhecl by the addition of saturated NaHCO, and
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then extracted with dichloromethane. The combmed extracts were washed with

water, dried over Na:SQs, filtercd and- concentrated The residue was putified by
flash chromatography (805.19 1 CH:ClaMcOQOH/NH (OH (37%) gradient elution) through
a short plug of . silica gel to aftard 1,1-dimethylcthy!
{(1/2-1-methyl-3-[(2-methylpropyDaminofpropyllcarbamate (0.158 g. 10%) as a clear.
oil. 1H NMR (400 MHz, CDQlJ} 8§ 0.90 (d, J = 6.4 Hz, 6H), 1.13 (d, -J:: 6.1 Hz, 3H),
1.42-1.51 Gn, 11H), 1.67-1.75 (m, 2H), 2.33-2 42 (m, ?H), 2.58-‘2.72 (n, 2H), 3.72 (m,

1H), 5.20 (m, 1 H)

) [(31?)'3'Aminobutyl](:!'methylpl"opyl)ammc. An icc cold solution of
l,l'dlxﬁctllylethyl {(l[ﬂ"l-methyl-'.'}'l(2‘meth_vlpropyl)amino]propyl}carbamate (0 1538 g
0.65 mmal) in THE (8 inl) was treated with 4 AN HCI (aq) (2 mL) and then starved at
room temperature for 2 h.  The mixture was concentrated s vacuvo lo give
[(3.R)-3-aminobutyl}(2-methylpropyl)amine dihydrochloride The HCI salt was then
dissolved in dichloromethane and a mmmimal amount of methanol and treated with
solid suppoited carbonate resin (MP-Carbonate, Argonaut Technologies)  After 30
minutes, the solution was filtered through a fratted tube and the solvents removed
carefully m vacuo to give ((37)-3-aminobutyl](2-methylpropyllamine (65 mg) 'H

" NMR €400 MHz, CDC1) 6§ 088 (d, /= 6 0 Hz, 611, 1.06 (d, /= 56 Hz, 3H), 1.23-1 53

Gm, 5H), 1 71-1.74 {m, 1H), 2 39 ém, 2H), 2.65 (m, 2H), 2.97 (m, 1H).

f

4R, 12a70-M{(4-FluorophenyDmnethyi]-7-hydroxy-4-methyl- 1 (2-methylpropyl) ¢,8-dio



195

x0-1,2,3,1,6,8,12,12a-octahydropyridol 1',2":4,5}pyrazino(1,2-alpyrimidine-9-carboxam
de. The title compound was made 1n two steps using a sunilar process to that
described 1 example  Z-2. 16 (40 mg. 009 mmoll and
{(31?)'3'aminobuty|](2'methylproliyl)amme (65 mg, 045 mmol) were reacted in
dichloromcthane 2 mL} with acetic acid to give
(41(,12&12}N[(-i“ﬂuomphcr;nyl)me(.hyl]-‘1'methyl-l~(2-mcthylpropyl)'G,B'dio:m'?'[(phen
ylmethyDoxyl 1,2,3,4,6,8,12,12a-octahydropyridol1’,2":4,6}pyrazinal1,2- alpyrimidine-9
-carthoxamide {29 mg, 60%). This material was hydrogenated 1u a sccond step as
described ‘ Ain example 72 to give
(4 Ix’.12a1\’)~N'[(-l'ﬂuorophcnyl)mci.-thyll‘-’i'hydrox)"tl'methyl-1-(2-mcthylpropyl)-ﬁ.&dnox
0'1,2,3,4,6,8,12,l2a-oct.ahydnopyridoll',2'14.5]pyrazino[1.2'a)pyrimld1ne-ﬂ-carboxamid
e (lS'mg. 75%) as a tan sohd *H NMR (400 MHz, CDCis) § 0.77 (d, /= 6.4 Hz, 3H),
084 (d, /=64 Hz, 3H), 1.32 (d, /= 7.2 Hz), 1.45-1.49 (m, LH), 167-1.67 (m, 1H),
2.03-2.12 (m, 2H), 2 21-2..27 {m, 1H), 2.73-2 79 (m, 1H), 2.87-2.92 (m, 1H), 4.16-1.24
(m. 2H), 4.45 (s, 1H), 4.54'4.64 (m. 2H), 4 96-4.99 {(m, 1H), 6.96:7.00 (m, 2H),

7 29-7.32 {m, 2H), 8.27 (s, 1H), 10 46 (s, 1H), 12.55 (s, 1H), S+ MS" 456 (M+1).

Example 7-30

(472, 12a 2)- A {(4-Fluorophenyltmethyll-7-hydroxy-4-methyl-1-(I ‘methylethyl) -6 8-diox

e
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a)  [(3#)-3-Aminobutyll(i-methylethylamine The free diamine was preparved in a
simnilar manner as deseribed in example Z-29.  #H NMR (400 MHz, CDCL) & 1.04 (d,

J =64 l;['/., 6i0. 1.06 (d, J = 6.4 Hz, 3H), 1.41-1.58 {m, 5H), 2 62-2.66 (m, 2H),

2.74-2 80 (i, 1H), 2.92-3.00 (m, 1H).

b)

(17, 2:11?)'1\"'[(fi'Fludrupl)enyl)methyl]'T‘hydroxy'-l‘methy]-1'(1-mcthylothyl)ﬁ,s diox
o 1.2.,3,11 ,6,8,12,12a-octahydropyrido[1',254,5]pyrazinal1,2-alpyrimidine-9-carboxamud
e The title compound was m-m‘k' in two steps uswng a sinilar process to that
described in example Z-2. 16 (40, mg. 0.088 minol) und
[(Sli)-J-a;xliuobutyl](l-methylct.hyl)amine (78 g, 0.60 mmol) were reacted n
dichloromethane 2 ml.) with acetic acd to give
(-l1(,l21\11)u\"l(4'ﬂuorophenyl)methyl]-'l-methyl-l-(1'methy]ethyl)'G,S*dwm'7’[([;llcxls'l
methyDoxyl-1,2,3,4,6,8,12,12a octahydropyndol1',2::4,5]pyrazinel1,2-alpyrimidine-9-c
arboxamide (26 mg, 56%). This material was hydrogenated in a second step as
described in example 72 to give
{4 2,12a)-A[{4-fluorophenyD methyl]-7-hydroxy-4-methyl 1-(1 methylethyl) 6,8-dinxa
-1,2,3,4,6,8,12,12a-0ctahydropyridof1',2' 4,5lpyrazinel1,2- alpyrimidine-9-carboxamide
(21 mg, 90%} as an off-white sold. 'H NMR (400 MH/, CDCl)) 6 1.01 (d, J= 5 6 Hz,

3H), 1.06 (d, J = 6.0 Hz, 3H), 1.31 (d, J = 6.8 Hz, 3H), 1.57 (m, 1H)}, 1.98 Gn, 1H),



2.70-2.82 Gn, 2H), 3.15 (n, 1H), 4.15-4.19 (m, 1H), 4.30 (m, IH), 4 48 (s, 1H), 4.54-4.59

(m, 2H), 197 (n, LH), 6.98 (m, 2H), 7.29:7.32 (m, 2H), 8.27 (s, 1H), 1019 (s, 1H),

12.62 (s, 1H).

Example Z-38
4.512a5)-MN1(2.4-Difluoropheny] mechy!|~7~hzdroxy-d-‘mcthyl-1-3’2-methylnmgyl}-ﬁ,&
dioxo-1.,2 ‘.5_,;L_§L§,12'12:«1_'0ctah dropyrido{1',2":4,5]pyrazinoll,2-slpyrimidine-9-carboxa

mide

' : OH O J
L ]i\ll ., Ofﬁ\'\ j
S N RN
IS S NH”
a) 1,1-Dimethylethyl [(15)'2'cya‘uo-1-methyl.‘thyilcm‘bamnte i'l‘ho mirtle was
prepared in Lwa steps using a medified procedure as deseribed n example 229 To a
stirred solution of 25-2-({{(1,1 -dimethyle:hyl)ox)'lcarbonyl}amino)propyl
methanesulfonate (8 40 g, 35.2 nunol} in DASO (50 wmL) and KCN (6.51 g, 1000
mmol) cooled to D °C was added 18-crown-6 (9.05 g, 31 3 mmol). "'he solution was
allowed to warm to room temperatuve and then heated to 70 °C for | hour, After
cooling at room temperature, water was added and the muixture was extiacted with
Et:0. The cthereal layers wc;e- washed with a brine solutiem, dried over Na:50,,
filtered and concentrated to give 1.1 dumethylethyl
[(19)-2-eyano-1'methylethyllcarbamate 15.37 g, 88%) as a pale yellow sohd  'H NMR
{400 DHz, CDCHY) 6 1.32 (d, J = 6 8 Hz, 3H), 144 (s, 9H), 2 52 (dd, J/ = 1.0, 16 4 Ho,

1H), 2 74 {m, 1H), 3 95 (m, 1H}, 165 (brs, 11D
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