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BEFORE THE CONTROLLER OF PATENTS, THE PATENT OFFICE,

KOLKATA

IN THE MATTER OF THE PATENTS ACT, 1970 and THE PATENTS RULES 2003.

IN THE MATTER OF a pre-grant representation under Section 25(1)

IN THE MATTER OF: -

AND

Indian Patent Application 3658/KOLNP/2009 filed on 20™ October, 2009 claiming priority
from the US Patent Application No. 60/909,315 dated 30" March 2007, US Patent
Application No. 60/982,309 dated 24™ March 2007, US Patent Applications No. 12/053,015
dated 21" March 2008 by Pharmasset, Inc. National Phase of PCT Application
No.PCT/US2008/058183 (Published as WO 2008/121634).

IN THE MATTER OF:

OPTIMUS PHARMA LTD
Corporate office:#1-2-11/1,
Above SBI bank,

Street No:2, Kakatiya Nagar,
Habsiguda, Hyderabad - 500007
India.

VS.

PHARMASSET, INC.
303A, College Road East,
Princeton New Jersey 08540,
United States of America.

AND

.. .PETITIONER/OPPONENT

...RESPONDENTS/APPLICANTS

STATEMENT OF CASE OF OPPONENT

L DESCRIPTION OF THE OPPONENT

A. Opponent is a pharmaceutical company having its cdrporéte office at #1-2-

11/1,above SBI Bank, Street no.2, Kakatiya nagar, Habsiguda, Hyderabad-

500007, India.

1L BACKGROUND OF THE ALLEGED INVENTION




A. The impugned application 3658/KOLNP/2009 titled ‘Nucleoside

Phosphoramidate Prodrugs’ filed in India on 20 Oectober 2009 pursuant to

international application, bearing No. PCT/US2008/058183 by Pharmasset, |

INC. PCT/US2008/058183 claims p;iority from three US provisional
applications—US 60/909,315 dated 30 March 2007, US 60/982,309 dated 24
October 2007 and US 12/053,015 dated 21 March 2008. Thus, any document

. published prior to 30 March 2007 falls under prior art of ‘the present

application.

7' The impugned application was published dn’19/03_/2010 under s.ection 11A. A

request for examination vide Form 18 has been filed on 21.03.2011. The

Opponent understands'that this application is under examination before this

Patent Office. It appears that the examination report is yet to be issued by the

Indian Patent Office. The claims on record are stated below:

1. (S)-2-{[(2R, 3R, 4R, 5R)-5-(2, 4-Diox0-3, 4-dihydro-2H-pyrimidin-
1-yl)-4-fluoro-3-hydroxy-4-methyl-tetrahydrofuran-2-ylmethoxy]-
phenoxy-phosphorylamino}-propionic acid isopropyl ester or a
stereoisomer thereof.
2. A composition comprising the compound or a stereoisomer thereof
as claimed inclaim 1 and pharmaceutically acceptable medium.
3. A composition for treating a hepatitis C virus, which comprises an
effective émount of the compound or a stereoisomer thereof as claimed
in claim 1 and a pharmaceutically acceptable medium.
4. A method of treating a subject infected by a virus, which combrises:
administering to the subject an effective amount of the compound or a
stereoisomer thereof as claimed in claim 1; whereinl the virus is

| selected from among hepatitis C virus, West Nile virus, a yellow fever
virus, a dengtié virus, a rhinovirus, a polio'virus, a hepatitis A virus, a
bovine viral diarrhoea virus, and a Japanese encephalitis virus. 4
5. A method of treating a hepatitis C virus infection in a subject in
need thefeof, which comprises: .administering to the subject an
effective amount of the compound or a stereoisomer. thereof as claimed

in claim 1.



6. A process for preparing the compound or a stereoisomer thereof as
claimed in claim 1, said process comprising: reacting a compound 4"

with a nucleoside analog $'

Wherein X' is a leaving group.

7. A product comprising the compound or a stereoisomer thefeof as
claimed in claim 1 obtained by a process comprising: reacting a
compound 4" with a nucleoside analog 5'

ar

Vel e
7/\11

o3

HS F CHR

Wherein X' is a leaving group.

8. (S)-isopropyl 2-(((S)-(((2R,3R,4R,5R)-5-(2, 4 dioxo-3,4-

dxhydropyr1m1dm-l(2H) -yl)-4-fluoro- 3- hydroxy -4-
methyltetrahydrofuran -2- yl)methoxy)(phenoxy)phosphoryl)ammo)
propanoate.

9.'A composition comprising the compound as claimed in claim 8 and

a pharmaceutically acceptable medium.

10. A composition for treating a hepatitis C virus, which comprises an

effective amount of the compound as claimed in claim 8 and a

pharmaceutically acceptable medium.
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11. A method of treating a subject infected by a virus, which

comprises: administering to the subject an effective amount of the

compound as claimed in claim 8; wherein the virus is selected from -

among hepatitis C virus, West Nile virus, a yellow fever virus, a
dengue virus, a rhinovirus, a polio virus, a hepatitis A virus, a bovine

viral diarrhea virus, and a Japanese encephalitis virus.

. 12. A method of treating a hepatitis C- virus infection in a subject in

need -thereof, which compriseS' administering to the subject an
effective amount of the compound as claimed in claim 8.
13. A process for preparing the compound as claimed in claim 8, sa1d

process comprising: reacting a compound 4" with a nucleoside analog

HO

Wherein X' is a leaving group.
14. A product comprising the compound as 'cl_aimed in claim 8
obtained by a process comprising: reacting a compound 4" with a

nucleoside analog 5'

i)
=0

O.

Wherein X' is a leaving group.
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The impugned application related to nucleoside phosphoramidates for the
treatment of viral diseases, particularly Hepatitis C. These compounds are
known to be inhibitors of RNA-dependent RNA viral replication and are
useful as inhibitors of the virus. The function of Hepatisis C virus is dependant
on nonstructual protein 5B(NS5B), which is a viral protein found in the
hepatisis C virus. It has a key function of replicating the HCV’s viral RNA by
using the viral positive RNA strand as its template and catalyzes the
polymerization of ribonucleoside triphoéphates (rNTP) during RNA

replication. .

. The nucleoside analog inhibitors mimic the natural substrates of the

polymerase and are incorporated into the growing RNA chain, thus causing
direct chain termination by tackling the active site of NS5B. To function as a
chain terminator the nucleoside analog must be taken up by the cell and
converted iln vivo to a triphoéphate td conipe‘te for the polymérase nucieotide :
binding site. As of priority date, nucleoside"bhosphoramidates and their
prodrugs were known substances.

The impugned application claims allegedly novel phosphoramidéte prodrugs
of nucleoside derivatives for the treatment of viral infections mainly HCV.

The Applicant admits that inhibitors of HCV NSSB as potential therapies for
HCYV infection were known before the date of priority. [see page 6, para 4 of
the Complete Specification] . ‘

The fact that nucleoside inhibitors of NS5B can act either as a non-natural

substrate that results in chain terminator or as a competitive inhibitor which

competes with the nucleotide binding to the polymerase was known and has
been admitted in the impugned specification. It was also known that to
function as a chain terminator the nucleosidé analog must be taken up by the
cell and converted in vivo to tri phosphate. ‘

It is known and admitted by the Applicant that the b_ioldgical activity of a
nucleoside is hampered by its poor substrate characteristics for one or more of
the kinases needed to convert it to the active triphosphates form. Formation of
the monophosphate by nucleoside kinase is generally viewed as the rate
limiting step of the three phosphorylétion events. To circumvent the need for .
the initial phosphorylation step in metabolism of a nucleoside to the active

5
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triphoéphate analogue, the preparation of stable ‘phosph‘ate ;pro-drug:has" been
known. Thus the speciﬁcatieh admits that though there weré several inhibitor
of NSS5B, these drugs had problems relatirrg to .physicochemical and
pharmacokmetlc properties. . | B

[. The specrﬁcatron admits that nucleosrde phosphoramidate prodrugs have been
shown to be precursors of the active rnucle051de triphosphate and to inhibit
viral replication when administered to viral infected whole cells. [see page 7,
para 2 of the Complete Specification]. Henc._e;' the prior art provides a solution
-that when such “compoAunds were faced with problems of pharmacokinetic,
they were converted to thei_r pro-drugs. The present speciﬁcétion is also
directed towards prodrugs of already knoWn nucleoside derivatives.

J. The impugned specification provides a general formula encorhpassing many
cqmpounds and claims such compounds. The general Markush structure is

represented here below as Figure 1:

2
S
*
R3a N——P

Base

K. The impugned specrﬁcatlon provrdes a range of substitutions to the
substrtuents namely R' R% R* R® R* R’, R, Xand Y. The general formula
represented at Figure 1, the mtrogenous base may be any of a to d as depicted

in the Figure 2.
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L. It appears from the impugned specification that the substitution for a,b,c and d

may comprise as its nitrogenous base of any substituted thymine base(a),

. substituted uracil base (b), substituted adenine base (c) and substituted guanine

(d). It is pertinent to note that the impugned specification discloses several
possible compounds with the broad substitutions described. However, the
specification only provides only few examples of the compounds. The
substitutions provided by the impugned specification are only mere
mathematical probability that may be obtained from any computer software
and it is not depicted after a thorough experimentation. It is only a possibility

of compounds that could be formed as a result of the synthesis.

. The impugned application provides broad disclosures -relating dosage

administrations using the said compounds and also discloses possible
compositions where the said compounds could be co-administered with other

pharmaceutical active ingredients which are also anti-viral agents. However,

_ the pharmaceutical composition and its in vivo use are not illustrated in the -

impugned specification. [see page 662-664 of the Complete Specification]

. Though the impugned specification enlists the possibilities of millions of

compounds, only general disclosure for preparation of these compounds is

) provided. [see page 672-673 of the Cdmplete Specification]

. The example 1 and 2 appears to be drawn towards a general procedure for the

preparation of phosphorodichloridates. Examples 3 purportedly discloses a
general procedure for preparation of phosphoramidate derivatives being
represented as a general scheme depicted by way of Markush. Example 4

appears to be drawn to the synthesis of 2’-dexoy-2’-fluoro-2°-C-

7




methyluridine. Examples 5 to 12 appear to be drawn to processes for synthesis
of specific compounds not being the compound as claimed in claim 1. The
impugned specification then proceeds to disclose a general chemical structure
being the markush structure and various substitutions for the said markush
structure. Examples 13 to 65 have been listed as various possible substitution
of the said markush structure. The impugned specification provides certain
analytical data against example 13 to 65 but does not provide any
experimental cbnditions for the procéss of performing the experiments. It may
be noted that in the context of the'analyiical softwares 4available during the
time of ﬁling the said appliéation, it is possible to obtain the analytical data in
silico. In a similar manner example 67 to 74 are represented as the general
chemical structure and by a mere general statement stating that these examples
may be prepared as per the example 66. Examples 75 to 80 are also illustrated
as a table without any actual, “on-bench” 'éﬁperimental details. Example 81
discloses a method for separation of diastereomers specifically for the
compounds disclosed at Example 15, 39 and 49. Example 82 discloses the in
vitro result for testing certain illustrated compound of the impugned
specification from the Table at Example 82, it appears that the most active
compouhd is the compouﬂd of example 49 foliowed by the compound of
example 27 both of which are not covered in the claims. It is submitted that all

compounds that are not claimed ought to be considered as disclaimed.

. The opponent submits that the claims as amended and as currently on record

are not patentable as per the provisions of this Act. ‘

. GROUNDS OF OPPOSITION
' A.

Subject matter of claims 1-3 and 8-10 are not ﬁew and lack novelty, are |
anticipated by 'pri‘or publication and hen.ce ought to be rejected undel;
Section 25 (1)(b) read with Section 2(1)(j) of the Patents Act, 1970:
a. Section 2(1) (j) defines an “invention” as “ a new product or process
involving an inventive step and capable of industrial application.”

(emphasis added). Therefore, all inventiohs, in order to be patentable

must satisfy the criteria of novelty.
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Section 25(1) (b) provides a ground of opposition where the invention
so far as claimed in any claim of the complete specification has been
published before the priority date of the claim... (ii) in India or
elsewhere, in any other document. | ‘

It is well established that novelty is determined by comparingb the
claims of the impugned specification and the disclosures in the prior
art read in the light of ge_nefai knowledge available to a person skilled

in the art.

~ The Opponent submits that the compounds of the alleged invention

sreem,
Tl

covered under claims 1 to 14 fail for lack of novelty and are
anticipated in the light of disclosure of WO 2005/012327 published on
10 February 2005 (hereinafter referred to as WO ’327), a copy of
which is hereto annexed.and marked as “Annexure A”. “ '
The general formula of the alleged invention és disclosed in the

impugned specification is reproduced below:

R3b

e
I )]

Fred
i)
et
vyl
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Wherein:
R is selected from the group comprising alkyl, aryl and alkylaryl;

R' and R" are, independently, selected from the group comprising H,

| alkyl and alkylaryl, or R' and R" together form an alkylene chain so as

to provide, together with the C atom to which they are attached, a

~ cyclic system;

Q is selected from the group comprising —O- and ~CHy;

- Xand Y are independently selected from the group comprising H,F,

Cl, Br, I, OH and methyl (-CHy);

Ar is a monocyclic aromatic ring moiety or a fused bicycle arohiatié
ring moiety, either of which ring moieties is carbocyclic or
heterocyclic and is optionally substituted;

Z is selected from the group comprising H, alkyl and halogen; and nis-
0 or 1, wherein |

When n is 0, Z” is -NH; and a double bond exists.between position 3
and position 4, and

Whennis 1, Z’ 1s =0;

or a pharmaceutically acceptable derivative or metabolite of a
compound of formula I; |

With the proviso that when nis 1, X and Y are both H, R is methyl (-
CH3), one of R'and R" is H aﬁd one of R"and R" is méthy_l (-CH;;), _
then Ar is not phenyl (-C¢Hs). [see page 3 Qf the complete specification
of WO *327] ‘ "

" The opponents submit that the Sofosbuvir, as claimed in the impugned

specification is covered by WO ’327. The impugned specification

discloses and claims (S)-2-{[2R,3R,4R,5R)-5-(-2,4-diox0-3,4-dihydro-
: ZH-prrimiAdin- 1 -_yl)-4¢ﬂuro-3-hydroxy-4-methyltetrahydrofuran—2-yl-

'methoxy]-phenoxy-phosphorylamiho}—propionic acid isopropyl ester.

Accordingly, compound Sofosbuvir claimed under claim 1 is directly
disclosed in WO ’327, where the substitutions of R, R’, R”, Q, XY, Ar

and Z given in therein are as below:

R is selected from a group comprising alkyl;




R’ and R” are independently selected from the group comprising H,
alkyl;

Q is selected from the group comprising —O-; -

X and Y are iﬁdependéntly selected from the group comprising F and
methyl(-CH3); '

Ar is a monocyclic aromatic rinf moiéty;

Z is selected from whennis 1, Z’ is =0; A

When the scaffold disclosed in WO 327 1is substituted with above .
groups or : substituents, (S)-2-{[2R, SR, 4R, ~5R)-5-(-2,4-dioxo-3,4- _
dihydro-2H-prrimidin- 1 -yl)-4-ﬂur0-3-hydfoxy-4- '
methyltetrahydrofuran-2-yl-methoxy]-phenoxy-phosphorylamino}-
propionic acid isopropyl ester is obtained. Hence, the compound
“disclosed in claim I is anticipated by WO ’327. Hence claims 1 and its '
diastereomer claim in claim 8 are not ﬂovel 'and are anticipated in the

light of disclosures in WO’327.

The WO’327 exemplifies the process involving synthesis of
phosphoramidate esters containing alanine as the amino acid, and
.unsubstituted phenyl is clearly exe_mpliﬁed by the prgparation and use

of the following prodrug moiety into the base compound:_

NH
|  MeO :

.vO : .
Therefore in the light of disclosures made in the 'WO0’327 which
matchesall‘s’ubétitu'ents in the structure of the impugned gpplication
showing that the compound claimed in claim 1 & 8 are not n&el[ |
Without prejudice to the above averments, the claims 1 to 14 of the
impugned specification are anticipated in the light of the disclosures in
WO 2001/92282 . published on 06
December 2001 (hereinafter referred to as WO ’282), filed by Novirio

Pharmaceuticals, a copy of which is hereto annexed and marked as
11
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“Annexure B”. This application is drawn to substituted nucleotide
compounds for the treatment of HIV, HCV infections and the like. The
WO °282 is drawn to a basic chemical moiety comprising of a sugar
molecule which is substituted at 1’-position with a nitrogenous base
and 5’-position with a phosphate prodrug chain as illustrated in
Formula I to XVIII. The Formula XI of WO °282 is drawn to a sugar
moiety, which is substituted with 2’-position with a nitrogenous base
and other positions are substituted .with several substituents, same are
provided in the application. It is submitted that cvompoimdvs claimed in
Claim 1 and Claim 8 are known and encompassed within the basi-c.
chemical structure of the WO °282. It is submitted that the compound
disclosed in Claim 1, allegedly known as Sofosblivir, comprises of a
nitrogenous base which is attached to a sugar molecule. The sugar.
molecule is substituted by a halo and alkyl substitution and one of the
hydroxyl groups of the sugar is substituted by a phosphoramidate
group. The NH group of phosphoramidate groui) is fﬁrther substituted
By an alkaryl and the oxygen atom is substituted by a phenyl ring.

The general chemical formula in WO’282 [see structure X1, Page- 9,

Pége-26] is disclosed herein below:

Base -
X

ORI -
R6

OR2 R7

The basic structure as disclosed has an attachment at 2"-positi6n with a
nitrogeﬁous base and hence is a substituted nucleoside compound. The
other positions are further substituted with various other substituents.
On substituting fluoro and methyl group at 3’-position, hydrogen at 4°-
position and phosphate prodrug at 5°-position; the compound arrived at
is similar to the compound of the impugned patent application. These
compounds are found to be used for the treatment of HIV infections,

HCYV infections and the like.
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m. In the above structure when the phosphate prodrug is a

The following assumptions can be made, based on the general Markush

structure.
Base is Uracil
R, is Phosphate Prodrug
R, is Hydrogen (H)
Rg is Fluorine (F)
R is Methyl (CHs)

Substituting the above groups in the general Markush Structure, the

following compound is obtained which is structurally very similar to the -

compound of the impugned patent application.
' o)

| NH

A

F

0]
- Phosphate Prodrug——0O

HO CH,

phosphoramidate, then the resultant compound is Sofosbuvir and tﬁe
structure similar to that of the compound claimed in claim .1 may. be
obtained. - |

It is well known that phosphate prodrug by definition encompasses
phosphoramidate compounds. These prodrugs ‘also includes base such

as uracil,  thymidine etc, which may be found “whether as  their

substituted/ unsubstituted form. The opponents ‘submit that the

compounds: of imppgned specification may be arrived at by the
substitutions provided in WO’282. Thé-compounds of the alleged
invention would fall within the illustrations provided in WO’282. Thus
the compounds of claims 1 and 8 are just isomers of each other and

there it may be considered that both the compound of claim 1 and that

of claim 8 are anticipated by the disclosures in WO *282.




0. Thus all claims 1 to 14 are not novel as being anticipated by the

disclosures in prior art as discussed above and ought to be rejected.

'B. Section 25(1) (¢): Section 25 (1)(e) read with section 2(1)(ja) of the Patents
Act, 1970:

a. Section 25(1)(e)‘ of the Act provides a ground of opposition on the
ground that the alleged invention is obvious and does not involve an
inventive step. |

b. Section 2(1)(ja) of the-Act defines an inventive step as “a feature of an
invention that involves technical advance as compared to the existing
knowledge ... and that makes the invention not obvious to a person
skilled in the art”.

C. The requ1rement of inventive step, as defined in section 2(1)(]a)
encompasses a two fold requlrement—ﬁrstly the feature involved in
the alleged invention ought to involve a technical advance as compared
to the existing knowledge and secondly, the feature should not be
obvious to the person skilled in art.

d. According to the impugned specification, the alleged invention relates
to a nucleoside phosphoramidate prodrugs. These compounds have

been intended to use in the treatment of HCV.

 Basic compounds to arrive at the claimed compounds were known in
- art I

‘e. It is submitted that compound claimed in the impugned specification is

a nucleoside derivative. Nucle'o.side analogue drugs which are long

‘known for their antiviral effect and have been used in the treatment of

cancers and HIV. It is well known that nucleosides such as 3’-azido-3’-
. deoxythymidine  (AZT), 2’3’-dideoxyinosine  (DDI), 2°,3’-
dideoxycytidine (DDC), and 2’,3’-dideoxy-2’,3’-didehydrothymidine
(d4T), were reported to be active 'against‘human immunodeficiency

virus.

f.  Raffaele De Francesco and Charles Rice, New therapies on the horizon

for Hepatitis C: Are we close?, Clin Liver Dis, February Vol. 7, 211-
14
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243 (2003) a copy of which is marked as Annexure C discusses
various strategies for treating HCV that have been and are being
pursued including the use of nucleoside analogues to inhibit NS5B
enzymatic activity. These strategies include the use of nucleoside
analogues fo inhibit NS5B enzymatic activity. This article confirms
that early 2003, NS5B had been identified as a target for the
development of anti HCV therapies. It suggests that inhibition of this
pivotal enzyme would lead to the suppression of HCV replication in
infected cells. - . '

Clark et él, “Design, Synthesié and Antiviral Activity of 2"-De§xy-2’-
ﬂuorq-2’-C-methylcytidine, a Potent Inhibitor of Hepatitis C Virus
Replication”, Journal of Medicinal Chemistry, 2005, 48, 5504-5508, a
copy of which is marked as Annexure D discloses pyrimidine
nucleoside beta-D-2’-deoxy-2’-ﬂuoro-2’-C-methylcytidine as a
potential inhibitor for hepatitis C virus RNA-dependant RNA
polymerase. It discloses that 2’-deoxy-2’-fluorocytidine (2’-FdCyd)2
and 2’-C-methyl nucleosides. It also describes fhe synthesis and

biological activity of 2’-deoxy-2’fluoro-2’-C-methyl cytidine.

' Consequently before the date of priority of the impugned application,

nucleoside analogues with 2’-fluoro-2’-methyl substitution were
known. It was also known such nucleosides derivatives with fluoro
substitution could be potential starting materials for enhanced

bioactivity.

i. The opponents submit that WO 2005/003147 hereinafter the WO 147

published on 13 January 2005 a copy of which hereto annexed and
marked as Annexure E. This WO ’147 discloses (2°R)-2’deoxy-2’-

‘fluoro-2’-C-methyl nucleoside (B-D or.B-L) or its pharmaceutically

acceptable salt or prodfug thereof, and the use of such compounds for
the treatment of Hepatitis C etc. It is further stated that 2’ substitutions
on the B-D or B-L nucleosides impart greater specificity for hepatitis C
virus as well as exhibiting lower toxicity. The reason for this .
specificity is the presence of a 2'-fluoro substitution on the ribose ring.
[see lines 16-28, page 16]
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Further, claim 6 of the WO 147 discloses a (2’R)-2’-deoxy-2’fluoro-
2’-C-methyl nucleoside (B-D or B-L) or its pharmaceutically
acceptable salt or prodrug thereof of structure:

RO Base

CHy

RO F
wherein the base is a purine and pyrimidine base; -
X can be O, | .
R' and R’ can be H, phosphate, including monophosphate,
diphosphate, diphosphate, triphosphate or a stabilized phosphate
prodrug. '

The term “pharmaceutically acceptable salt or pfodrug” has been

decribed any pharmaceutically acceptable form (such as an ester,

phosphate ester, salt of an ester or a related group) of a ‘compound
which, upon administration to a patient, provides the active compound.
Some of the examples of prodrugs include compounds thaf hace
Biologically labile protecting groups on a functional moiety of the
active compound. The prodrugs include that can be oxidiied_, reduced,
animated, deanimated, hydroxylated, hydrolyzed, ‘dehydrolyerd,
alkylated, dealkylated, Acylated, pho’sphory'lated, dephosphorylated.to

produce the éctive compound. .

The prodrugs can include the 5’-triphosphate, tr1 phosphoric acid ester
derivatives of a nucleoside compound and pharmaceutically acceptable
salts of 5’ diphosphate and 5’ monophosphate ester detivativ¢§ of the

compounds claimed. [see pages 42-43 of WO *147]

The WO 147 discloses that any of the nucleosides described herein, or
any other nucleoside that has anti-hepatitis activity, can be
administered as a nucleotide prodrug to increase the activity,

bioavailability, stability or otherwise alter ‘the properties of the
16
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nucleoside. A number of nucleotide prodrug ligands are known. A
nucleotide prodrug, as described herein, refers to a nucleoside that has
a phosphate derivative on the 5’-position that is more stable in vivo
than the parent phosphate, and which does not materiélly adversely
affect the anti hepatisis C activity of nucleoside. Further,’147
Application also teaches pharmaceutical compositions based on B-D or
B-L compound or its pharmaceutically acceptable salt of prodrug can
be p_repared in a therapéutically effective amount for treating a
flaviviridae ihfection iﬁcluding HCV. Thus the WO ’1,47, therefore
teaches 2’ substitution on the nucleoside tetrahydrofuran rihg,
biologically labile proteéting moieties and its delivery through a

stabilised phosphate pro-drug and compositions involving the same.

m. Furthermore compoﬁnds such as Emtricitabine (FTC) and Lamividine.
(3TC) have been known to have anti-viral activity. These compounds
comprise a nucleoside that is, a nitrogenous base attached to a sugar
molecule. Thus nucleosides as anti-viral agents were well established

by various scholarly articles.

n. The opponents submit that in the light of the disclosures in WO 327,
the subject matter of the impugned speciﬁcation is obvious to a person

skilled A ' in art.

C. Phosphate prodrugs including phosphoramidates are well-known in the
art ‘ ' '

a. Due to poor oral bioavailability and lbw intestinal permeability,
nucleoside analogue prodrugs were used to facilitate drug delivery. A
class of prodrugs is aryl phosphoramidate which have been used as
derivatives of zidovudine phosphomonoester amidate and were known
for their effective treatment for HIV as early as 1990.

b. It is well known that nucleoside analbgue is delivered inside the cell to
its active triphosphate form. However, the triphosphate form of a

nucleoside is not considered to a viable drug candidate because of its
17
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chemical stability along with high polarity that hinders them from
transporting across cell membranes. The nucleoside ' analogue
phosphate activation process occurs in three steps, 4the first
phosphorylation is often considered to be rate-limiting. This led the
chemisfs to prepare stable monophosphate prodrugs of nucleoside
analogués which could be delivered intracellularly. Such nucleoside
monophosphate prodrugs cross the biological Barriers and reach the
target cells or tissues. Once inside the cell, the labile protecting groups
are degraded enzymatically or cheiﬁically, thereby releésing the free
nucleoside analogue in the monophosphate form. Within the
nucleoside analogue phosphate activation process, the first
phosphorylation has often been identified as a rate limiting step, which
‘led medicinal chemists to prepare stable “protected” monophosphate
nucleosides  (prodrugs) capable of delivering nucleoside
monophosphates intracellularly. Hence, most of the nucleoside
analogues are converted to its monophosphate which will thereby
convert intercellularly to its corresponding nucleoside triphosphate.

Substitutions on aryl phosphoramidate prodrugs of nucleosides have

beé_n a subject of experimeritation among scientists for both HIV and

HCV. Hence it was very much within the prior art and more common-

among pharmaceutical scientists while conducting experiments on
HCV drugs to apply nucleoside prodrugs to resolve oral bioavailability

problems.

d. The uses of prodrugs for modifying the vphysicochemical- ahd

pharmacokiﬁetic properti¢s of chemical molecules were alréady known

in the art. Several scholars have also written about such modifications.
For instancé, Jones et al “Minireview: nucleotide prodrugs” Antiviral
Research 27 (1995) 1-17, a copy of which is marked as Annexure F
discusses such modification of pharmaceutical compounds using the

phosphate prodrugs to improve the pharmacokinetic properties.

e. Van Rompay, “Phosphorylation of nucleosides and nucleoside analogs

o
o

by mammalian nucleoside monophosphate kinases”, Pharmacol Ther,
2000. 87(2-3): p. 189-98 , a copy of which is marked as Annexure G
' 18
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discloses that nucleoside monophosphate kinases catalyze the
reversible  phosphotransferase  reaction  between  nucleoside
triphosphates and monophosphates, i.e., monophosphates are converted
to their corresponding diphosphate form. It gives an overview on the
substrate specificity, tissué distribution, and subcellular-location of the
mammalian monophosphate kinases and their role in the activation of

nucleoside and nucleotide analogs.

f. Christopher McGuigan et al “Certain phosphoramidate derivatives of.

dideoxy uridine (ddU) are active against HIV. and successfully by- pass
thymidine kinase”, FEBS Letter 351, publlshed on 29 August 1994, a
copy of which is marked as Annexure H discloses that the prodrug
derivatives to maék the ionized phosphate' group of nucleosides have

been used. It discusses that using the ProTide prodrug strategy to

activate the triphosphates of an inactive HIV compound. It also states °

that such aryloxy phosphoramidate could be more active that the pafent

nucleoside.

g. Christopher McGuigan et al, “Aryl Phosphoramidates of d4T have

improved anti-HN efficacy in tissue culture and may act by the general
of novel: intracellular metab'olite”, Journal of Medicinal Chemistry,
published on 12 April 1996, a copy of which is marked as Annexure I
discloses that in order to overcome the dependence on nucleoside

kinase activation, it would be suitable to develop a nucleotide with

(aryloxy) -phosphoramidates derived from AZT. It emphasizes that

better activity of aryloxy phosphoramidates in thymidine kinase

deficient cell in comparison to thymidine dependent cells.

h. Christdpher P. Landowski et al, “Targeted delivery to PEPT! over

‘ expressmg cells: Acidic, basic, and secondary floxurdine ammo acid

ester prodrugs” Molecular Cancer Theérapeutics, publlshed in or about
April 2005, a copy of which is marked as Annexure J teaches that
prodrug. strategies are generally adopted to improve undesirable
properties of therapeutic drugs to overcome barriers such poor

bioavailability, chemical stability and toxicity.
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i. Jisook Kim et al, “Direct Measurement of Nucleoside Monophosphate
Delivery from a Phosphoramidate Pronucleotide by stable isotope

labe‘lling and LC-ESI-MS/MS”, Molecular Pharﬁlaceutics, published in

or about March 2004, a copy of which is marked as Annexure K,
discusses that amino acid phosphoramidates of nucleosides have been
shown to be potent antiviral and anticancer agents with the potential to
act as nucleosidc monophosphate prodrugs. -
Speciﬁé amino acids t_csed in preparing the prodrugs were also known .
j.  Dider Saboulard et dl, A“CharacterizatioAn of the activation pathWay of . ‘
phosphorafnidates trimester prodrugs of stavudine and zidovudine” |
! _ Molecular Pharmacology, 1999, a copy of which is marked as
| Annexure L, discloses that while selecting phosphoramidate trimester
derivatives, it would be a good strategy to prefer L-alanine moiety over
other sterioisomeric forms. -
k. J. Balzarini et dl, “Mechanism of anti-HIV acfion of masked alaninyl
d4TMP derivatives”, Proc Natl Acad Sci USA, published on in July
1996, a copy of which is marked as Annexure M, discloses that
discloses that alanininyl d4T-MP reached about 13-fold higher levels
in So0324-exposed cells than d4T-MP which means that the presence of
alanine increased the activity of the monophbsphate.
1. Vidhya V. Iyer, et al, “Synthesis, in vito anti-breast cancer activity, and
intracellular decomposition of amino acid methyl ester and alkyl amide
phbsphorarﬁidate monoesters of 3'-azido-_3'-deoxythymidihe (AZT)”,
Journal of Medicinal Chemistry, a copy of which is marked as
Annexure N, suggesté that various ‘phosphoramidate mono esters
containing amino acid methyl ans N-alkyl amide moiefies were found
to be more cytotoxic. It showed a marked preference towards L;alanine
- stereoisomeris form in the phosphoramidate mono esters. |
m. Dominique Cahard et al, “Aryloxy Phosphoramidates Triesters as
ProTides", Mini-Reviews in- Medicinal Chemistry, published in or
about May 2004 a copy of which is marked as Annexure 0, discloses ‘
1

that aryloxy phosphoramidates ate highly active antivirals. There is a

20




n.

preference for alanine, wherein a preference for L-alanine over D-
alanine.

Plinio Perrone, “Application of the phosphoramidate Protide approach
to 4'- Azidouridine confers sub-micromolar potency versus HepatitiswC
virus on an inactive nucleoside”, Journal of Medicinal Chemistry,
which was published on 17 March 2007, a copy of which is marked as
Annexure P, suggests aryloxy phosphoramidate ProTide approach
which allows the bypass of the initial kinase dependence of
intracéllular delivery of the mor}qphosplhorylated nucleoside analogue

as a membrane permeable “ProTide” form leads to improved activity

~ over the parent compound.

Phosphoramidate compounds are well known in art

'US 2003/0109697 published 9 April 2002 (hereinafter referred to as}
’697 Application) titled as “Anticancer agents, infection therapy,
autoimmune disease, anti-inflammatory agents” is hereto annexed and
marked as Annexure Q, discloses phosphoramidate compounds. The
697 Application discloses a basic scaffold and the substitutions
provided to the 'basic formula encompasses the compound claimed in

the alleged invention. This has further illustrated in the table below: '

3658/KOLNP/2009

US2003/0109697

R1H, alkyl,alkenyl,alkynl,  vinyl,
propargyl and substituted derivative

oL AT &
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thereof;

R2° and R3Br, CLF,LH,OH0C

(=0)CH3,0,0-Rg; whereinRghydroxyl

| protecting group other than acetyl;

R8 side chain of -any naturaily
occurring amino acid, its analogue or
its isomer;

R9H,aliphatic group,alicyclic group,an
aromatic group,etc.

And any enantiomeric, diastereomeric
or stereoisomeric form mcludmg D-
form, L-for, etc.

[see claim 1 and page 16, top left
compound]

p. Hence 2697 Application discloses compounds that are substantially

similar to the compounds disclosed in the impugned specification,-in

claim 1 8 and 14.

q WO01996/23506 is the publication number of the PCT application filed

31 January, 1996 and has been published in German. Its correspondmg ‘
. US appllcatlon US 6589941 was granted on 8 July 2003 (hereinafter

referred to as 941 patent) is hereto annexed and marked as Annexure .

R.

r. The opponents submit that 941 patent discloses compounds which have

analogous structures to the compo'unds disclosed in the "impu.gned

specification in claims 1 and 8. A compariéon table provides further

details:

3658/ KOLNP/2009

US589941
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[see Column-5, Line 40 to 50}

s.- Further, W0O1999/037753 published on 29 July 1999 (hereinafter
referred to as WO’753) titled “Enzyme Catalyzed Therapeutlc Agents”
is hereto annexed and marked as Annexure S.

3658/ KOLNP/2009

WO01999/037753

Compound disclosed in claim 35:

Compound disclosed in claim 36:

Gad
[ ]
)
]
o
oy

[3
[
z

23




COOCH,

Corﬁpound disclosed in claim 39:
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Hence from above examples it very evident that phosphoramidate

compounds analogous to the compounds as claimed in claim 1 are
known and well established in prior art.
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Structurally analogous compounds already known in art

WO 1996/29336 published on 26 September 1996 (hereinafter referred
to as WO’336) titled as “Chemical Compounds”, is hereto annexed and
marked as Annexure T. The ’336 Application discloses masked
monophosphate nucleoside analogues for the treatment of HIV and

anti-viral infection. The general

scaffold disclosed in the ’336

Application and the suggested substitution appears to encompasses the
compounds disclosed and claimed in the impugned specification.

Below is an illustration of the same:

3658/ KOLNP/2009 W01996/29336
0 H Y
Yy I
O\P// o _ . /
©/ / o AN Ar—0O—P—X2—X6
™ T . Q.1
HO ' i f
0:8‘ )|(3 T 712
0 C=x4
4< !
Z
~J

21 of the 336 Application]

[see page 3,line 1 to page 4 line

[see page 10. Line 7 to 25 of the
>336 Application] .




peet

of a nitrogenous base with a sugar and having a phosphoramidate
group attached to it. These compounds have anti-viral activity.

w. By following the changes recommended ‘in the prior art an alternation
could be brought to the sugar molecule by inserting a halo group .in
the sugar molecule. There are several examples of such modification
to such molecules. For instance, WO 1999/43691 published
02.09.1999 (hercinafter referred to as WO ’691) titled “2'-
fluoronucleosides” is hereto annexed and marked as Annexure U
discloses sugar with halo substitutes. [see page 14, lines 1-15, claims
1,6,9, 10, 12, 13 of the *691 Application] -

Base

i =
R -
=

“Wherein:
Base is Purine or Pyrimidine;
R1is OH,H,0R3, N3, CN, Halogen etc; ‘
R2 is H, Phosphate (including monophosphate, diphosphate,
triphosphate or a stabilized phosphate prodrug)

the above
sudstiiuients

Pyrimidine
hase {Uracil
BaSev/ ( )
stabilised e} :

phosphate~__ /\( \J
prodrug 0 \

HO

v. The compounds disclosed in WO *336 are nucleotides which consist

.™

x. The WO’691 is directed towards 2'-fluoronucleoside: compound which
are useful in the treatment of hepatitis B infection, Hepatitis C
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infection, HIV infection and any abnormal cellular proliferation
including tumors and cancer.

The introduction of an alkyl group in the sugar molecule appears to be
known and obvious for analogous molecules as disclosed in the prior
art which are used in treatment of Hepatitis C infection. For instance,
WO 2003/000713 published on 3 January 2003 (hereinafter referred to
as WO °713), “Nucleoside compounds in HCV” is hereto annexed and
marked as Annexure V.

The WO *713 discloses protide derivatives of therapeutically active
nucleoside derivatives, processes for their manufacture. These
compounds are particularly used for the treatment or prophylaxis of
certain viral infections especially Hepatitis C virus infection. '

a\Y
r—x? 0
Wherein: :
, | NH; ’ & R®
B= HN/ﬁ\/R‘a ) N{J,E/Ra ;’lj: NfK'/\\
- : 3 R
- . ‘ .
Z=0 or S; ~ [ R'=H, optionally substituted C;.¢

alkyl, optionally substituted aryl,
optionally substituted heteroaryl

R® = H, Halo, Hydroxy, = R?=OH, OCOR®, OCOR6
e‘ tc , : I |
X=H,F,N;NH,CN,0OMe R’ =H, optionally substituted C1- -
' : 6alkyl, aryl etc.
=0, NR’; ‘ R* and R°=H
R7=H '
X?=O0,NH,NR®, S
X3=Absent
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aa. Thus it is quite obvious to arrive at the compounds disclosed in the
impugned specification and claims therein. Further, while following
the substitutions provided in the prior art, ‘it appears that the
‘compounds disclosed in the impugned application are also disclosed.

bb Hence in the llght of prior art following are well- established:
i. Basic compounds to arrive at the claimed
compounds were known in art
ii. Phosphate prodrugs including phosphoramidates
are well-known in the art

iii. Specific amino acids used in prepanng the

prodrugs were also known
iv. Phosphoramidate compounds are well known in
art
v. Structurally analogous compounds already known
m art
vi. Thus all claim 1-14 are obvious by a combmed reading of the above
detailed prior art documents. Hence all claims ought to be rejected and
the impugned application ought to be refused.

Section 25(1) (f): Subject matter of claims 1-14 is not an invention within
the meaning of this Act | |
i. The subject mntter of claims 1-14 do not constitute an invention as
. under section 25(1)(f) read with section 3(d) of the Act ,
1. Section 25(1) (f) of the Act provides a ground for-opposition
where fhe subject of any claim of the complete specification is
not an invention within the meaning of the Act. Section 3
enumerates what are not inventions within the meaning of this
Act. Thus, claims that fall within the arnb‘it of section 3 are
liable to rejected. - |
2. Under section 3(d) of the Patents Act a new form of a known
substance is not an invention unless it results in enhancement of
the known efficacy of the known.substance. Section 3(d) was
amcended in 2005 to prevent patents on'modiﬁcations of known
substances, such as combinations and salts, esters, ethers and
other derivatives of known substances. Under the law, each

product claim that relates to a new form of a known substance

has to satisfy section 3(d) of the Patents Act.
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. In the alternative to and without prejudice to the other grounds
raised herein, Claims1-14 fail under section 3(d) of the Act.
_ It is established law that section 3(d) has to be satisfied
independently of sections 2(1)(j) and 2(1)(ja) [See Novartis AG
v Union of India and others, (2013) 6 SCC 1]. This burden is
always on the Patent Applicant. [see Novaﬂis AG and another
v Union of India and others, (2007)4MLJ 1153 ,para 13]
. In Novartis AG v Union of India ‘and others, the Hon’ble
_Suprerhe Court of India held that the expression “e;fﬁcacy” in
fhe section 3(d), in case of pharmaceutical substances, is to be
understood as therapeutic efficacy. Further, it is also an
established position that the data relating to efficacy ought to be
provided in the Complete Specification. .
. Claims 1, 7, 8 and 14 are directed towards a product. The
impugnéd application appears to be derivatives of
phosphoramidate. In order to discharge the burden of section
3(d), the Applicant ought to have compared therapeutic
efficacy with the closest compounds. The applicant has failed
to discharge this burden. | |
. The claims 6 and 13 are drawn towards a process for synthesis
of the compounds as claimed in claiml, 7, 8, and 14. However
no new reactants or resultant products -are involved in the
proces#. Hence, f(heSe claims ought to be rejeéted for not
satisfying section 3(d). ‘ o
. Without prejudice to the above, the alleged inventi'on'claimevd
in the pl‘ésexlt applicatioﬁ émounts to a ﬁcw usc of a known
substance dcscribed in WO °327 marked as ‘Annexure A
which discloses the use of various phosphoramidate 'deri,vafives .
of nucleotides for use in the treatment of cancer.
. - Further, the WO ’147 discloses (2’R)-2’deoxy.-2’-ﬂuoro-2’-C- .
methyl nucleoside (B-D or B-L) and prodrugs thereof. The
compounds disclosed in WO *147 are structurally analogous to
the compounds in the impugned application. The °147
29
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Application discloses certain data regarding the activity of the

compounds disclosed therein. It is to be noted that both WO

>147 and the impugned application were filed by the Applicant.

Hence, the Applicant should have provided the data regarding
enhanced efficacy of the compounds disclosed in the impugned
applica_tion, The Applicant has failed to disclose the same. The
Applicant has not compared the efficacy of | the claimed

compounds with the compounds claimed in the WO *147.

In view of the above the subject matter claimed in the

impugned appllcatlon does not satisfy the requlrement laid

down by section 3(d) and ought to be rejected in toto.

The subject matter of claims 2,3,9 and 10 are not patentable under

section 3(e) of the Act:

These claims are drawn towards to a composition. The composition

claimed is mere admixture which results in mere aggregation of

properties with no synergistic effect. Therefore these claims ought to

be rejected on this ground.

The subject matter of claims 4,5,11 and 12 are not patentable
under Section 3(i) of the Act: - ' |

The claims relating to method of treatment are not allowable under

section 3(i) of the Act.

D. Section 25(1)(g): The complete specification does not sufﬁciently_ and

clearly describe the invention or the meéthod by which it is to be |

performed

i
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The 1mpugned specnﬁcatlon does not dlsclose the best mode of .

preparation of said compounds

1.

The impugned ..pemﬁcatlon does not sufﬁc1ent1y and clearly
describe the invention and the method in which the alleged

invention is to be performed.

The claims of the alleged invention are not appropriately supported by

the impugned specification
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The claims 2 and 9 are relating to pharmaceutical composition
of the compound which is claimed in claims 1 and 8. However,
claims 2 and 9 are not supported by the description in the
speciﬁcation. The specification gives definition of
pharmaceuticélly acceptable medium which broadly covers
excipients, carrier and diluent. However there is no suggestion }
in the impugned application regarding the manner in which the
specific excipients, carrier and diluent are to be used for the
specific compounds of claimed in claims 1 or 8. Further, claims
2 and 9 ‘lacks sufﬁcient disclosure for obtaining the
composition of compounds claimed in claims 1 and 8. Further,
the specification does not disclose the best form of

administration of the drug. Further, specific excipient for the

- preparation of best mode of administration is not disclosed.

Therefore, a person skilled in the art will not be able to make
the specific composition of compounds in claims 1 and 8 ffom
the disclosure in the impugned specification.

The impugned application claims the diasteromeric forms in

claims 1 and 8, however this is not disclosed in the description. ‘

The process as claimed in claims 6 and 13 and the product
claimed in claims 7 and 14 seems to be the result of the process
claimed in ciaims 6 and 13 are not disclosed in and supported
by the impugned specification. The speciﬁe process‘conditions
and parameters are not disclosed in the speciﬁeation. These
claims have been incorporated as amended claims filed on 26
December 2011, appearé. to be a new matter which draws no
support from the specification. In the absence of éppfopriate
support in the impugncd specitication such claims 6ught not to

be granted.

E. Section 25(1) (h): The Applicant has failed to disclose to the Controller the

information required under Section 8.
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i.” The Applicant is required to provide all the information regarding the
prosecution of the corresponding applications until the grant of the
Indian Application to the Controller in writing from time to time and
also within the préscribed time, which applicant failed to comply with.

ii. Under section 8(1) of the Act the applicant was under obligation to
furnish to the Patent Office details of corresponding foreign
applications and also to fumish-an undertaking under section 8(1) (b)
and subsequently furnished further details with respect to
correspondi'ng foreign applications including their statﬁs from time to
time. The oppohent theréby states that the appliéant is requife"d" to
provide all the information regarding the prosecution of his equivalent
applications till the grant of his Indian Application to the Controller in
writing from time to time and also within the prescribed time, which
the applicant has failed to do. The applicant has faiied to furnish

statement and undertaking under section 8, therefore the applicant has

i
the opponent demands rejection on this ground also. ' ‘
iii. Accordingly the applicant is under the obligation to submit the :

application in respect of the same or substantially the same invention !
or to file élong with his appliéation a statement setting out his . |
knowledge for such an application being prosecuted by some person
thréugh whom he claims or by some person deriving title from him.
However, the applicant has failed to furnish statement and undertaking
under section 8, and the opponent therefore demands rejection on this

~ ground also.

|
\
|
; |
: iv. It is submitted that the Applicant/Respondent has failed to disclose the
' details of cdrresponding foreign applications filed, and on this ground |
alone the patent 'application should be rejected.
IV. HEARING REQUESTED - B
The Opponent hereby requésté a hearing under section 25(1) of the Patents Act, ‘
1970 (hereinafter referred to as “the Patents Act”) and Rule 55 of the Patents Rules

(hereinafter referred to as “the Rules;’).




(1)

(i)

(iii)

(iv)

)

(vi)

- (vii)

~ (viii)

(ix)

(x)

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

For an order rejecting Claims 1-14 for lack of novelty under
section 25(1)(b)(ii) of the Patents Act,1970; ‘

For an order rejecting Claims 1-14 for lack of inventive step under
sectiori_ 2(1)(ja) read with section 25(1)(e) of the Patents Act,1970;

For an order rejecting Claims 1,6,7,8,13 and 14 as they are not
inventions within the meaning of the Patents Act under section
3(d) read with section 25(1)(f) of the Patents Act,1970;

For an order rejecting Claims 2,3,9 and 10 as they are not
inventions within the meaning of the Patents Act under section 3(¢)
read with section 25(1)(f) of the Patents Act,1970;

For an order rejecting Claim 4, 5, 11 and 12 as not an invention
within the meaning of the Patents Act under section 3(i) read with
section 25(1)(f) of the Patents Act,1970;

&9\

For an order rejecting Claim"%.).(%jjnd.r.b.. as it is insufficiently
described and therefore not patentable under section 25(1)(g) of
the Patents Act,1970; ‘

For an order rejecting the Application for not pfoAvi'.ding details as
required under Section 8 read with Section 25(1)(h) of the Patents
Act,1970; ' '

For an order rejecting any request by the Applicant for leave to
amend its Application;

For a copy of any reply statement and evidence and / or amended
specifications that may be filed by the Applicant and a further

_ opportunity to file a rejoinder and rebut the same;

For leave to amend the opposition, as and when required,;

33




e

T

A

(xi)  For a hearing under section 25(1) of the Patents Act read with rule
55(1) of the Patents Rules;

(xii)  For costs;

(xiii)  For such further and other orders as may become necessary in the
- circumstances of the case. :

Dated this 1] dayof  F bauasyy 2015

sl

CHITRA ARVIND
FOR RAJESHWARI & ASSOCIATES
AGENT FOR THE OPPONENT
To,
The Controller of Patents
The Patent Office, Kolkata.
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Chemical-Compounds

The present invention relates to nucleotide derivatives and their use in the treatment of

cancer.

Nucleoside analogues such as fluorodeoxyundme (D, cytarabme 2) and gemcxtablne 3)
are well established as anticancer agents. They function as mhrbltors of DNA synthesis

aﬁer activation to their 5’-phosphate form:"

NH, . NH2

HO

2y o

The free bioactive phosphate forms do not in general represent useful- drugs.d:ue to their-
poor membrane permeation. In an effort to circumvent this a number of phosphate pro-
drug approaches have been reported [Rosowsky et-aly’ J. Med. Chem 1982, 25, 171- 8

Hong etal,]J. Med Chem., 1985, 28, 171-8; Kodama et al,- Jpn J. Cancer Res 1989 80 ’
679-85; Hong et al; 1979, 22, 1428 32; Ji et'al,.J. Med. Chem., 1990, 33,.2264-70; Jones et

al, Nucleic Acids Res., 1989, ]7,.7]9577201, Hunston et al, J. Med. Chem., 1984, 27,°440- .-
4; Lorey. et ai,- Nucleosides Nucleotides, 1997, 16, 1307-10; Fa_r_q’uhar et al, J. Med. Chem,,
1983, 26, 1153-8;.Shuto et’ al:- Nuc]eosides-Nue]eoti_des; 1992, 11,.437-46; Le Bec et al,

Tet. Letts., 1991, 32, 6553-6; Phelps et al, J. Med. Chem., 1980, 23, 1229-32].

In general the phosphate prodrugs have blologlcal propemes and therapeutxc activities that

are similar to, or somewhat lower than the parent nucleosrde analogue

We have carried out extensive work in. thrs area from an antrvrral perspectwe largely on

dideoxy nucleosides, ‘and have - reported a phosphoramrdate approach whrch has been

~ widely adopted for the delivery of bio-active phosphates of antlvrral nucleosides.

An example is the phosphoramidate (4) derived from anti-HIV d4T (5).
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$ ~amino acid [McGuigan et al, Anfivital Res., 1997, 35, 195-204; AVEC, 2000, 11, 111-6),

0 . (@)
Hwﬁr S Hwﬁr
U*N 0o
Me (I? ' i
MeOéCHN4LO o HO /[
HY )
<§ —(4) (5)

We observed the effect of variations in the ester [McGuigan et é], AVCC, 1998, 9, 473-9],

and aryl {Siddiqui et al, J. Med. Chem., 1999, 42, 393-9] regidns of the phosphoramidate,
as well as the effect of amino acid stereochemistry [McGuigan et al, AVCC, 1996, 7, 184-
8], phOSphate stereochemistry [Allender et al, Analytica Chim. Acta, 2001, 435, 107- 13}
and nucleoside [Balzarini et al, BBRC, 1996, 225, 363-9; McGuigan et al, BioOrg. Med,

10 Chem. Lett., 1996, 6, 2369-62; McGuigan et al, Bloorg. Med. Chem. Lett., 2000, 10, 645-

7].

This work has lead to the optimal descnptxon of phenyl methoxya]anmy] phosphorarnidate: -

as the prototype pro-moiety for the intracellular delivery . of bioactive” nucleotides -

15 [Ba]zanm etal PNAS, 1996, 93 7295-9; Mchgan et al, J. Med. Chem., 1996, 39, 1748-

53).

Lackey\et al [Biochem Pharmaco] 2001,-61, 179-89] have reported the application of our -

phosphoramxdate pro-drug method for. antiviral nuc]eosxdes to the anti-herpetic agent

20 bromovinyl-2’-deoxyuridine (BVDU) (6). In.particular, they have found that the phenyl .

methoxyalaninyl phosphoramidate (7) has ~§jgniﬁc':ant. antifg:ancer activity. This is in

marked contrast to the parent (antiviral) nucleoside (6)..

G*N' B o O*N
Q Me Q '
HO s Me-O-C-CH-N-P-0-
'HC')
6 (7)
oo O &
AT & 16632815 15=328
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Limited SAR has been presented by this group, alt}ioqgh in ﬂteir patent applications
[W00239952, EP1200455; CA2317505, US6339151, EP116797, AU2451601] they claim
a series of general variations in the base, and phosphate regions. However, based on our

5 prior art, -the phenyl methoxyalaninyl phosphoramldate @) would be anticipated to be

amongst the most optimal of structures.

Surprisingly, it has now been found that other derivatives of oxyamino acid-

phosphoramldate nucleoside analogues are sxgmﬁcantly more potent in the treatment of

10 cancer than the phenyl methoxyalanmy] phosphoramidate N.

o

According to a first aspect of the present invention there is provided a compound of

formula I: o . --

15

Py
R—O—C— " a /S v
R" .
wherein: ' b -

" Ris selected from ‘the group-comprising alkyl, 'aryl and alkylaryl; .
R and R” are, mdependently, selected from the group comprising, H, alkyl and alkylaryl,

or R’ and R” together form an a]kylene chain so as to prov1de together with the C atom to

20 which they are attached, a cyclic system

Qis selected from the. group compn smg -0O- and —CHz-

X and Y are mdependently selected from the group compnsmg H F, Cl Br, I, OH and :
methyl (-CH;); ‘ : '

Ar is a monocyclic aromatic ring moiety or a fused bicyclic aromatic ring moiety, either of

25 which ring moieties is carbocyclic-or heterocyclic and is optionally substituted;

Z is selected from the group comprising H, alkyl and halogen; and."
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nisQorl,
wherein

when n is.0, Z’ is -NH; and a double bond exists between position 3 and posi'(ion 4,
and

5 when_n i1s 1,2’ 1s =0;
or a pharmaceutically acceptable‘d'erivativéor metabolite of a compound of formula 1;

w1th  the provxso that when nis 1, X and Y are both H, R is methyl (- -CHj;), one of R and _-

10 R”is H and one of R’ and R” is methyl (-CH3), then Ar is not phenyl (-CgHs).

By “a pharmaceutically acceptable derivative” is meant any pharmaceutically acceptable
salt, ester or salt of such ester or z(ny other comp(_')und which upon administration to a
. recipient is capable of providing (directly or indirectly) a compound of formula (1).
15 _ | -
Suitably, except where R is 2-Bu (-CH2-CH(CH3),) and one of R’ and R™is'H and one of

’

and- R” is methyl (-CH3), when n is 1 and X and Y are both. H, then Ar is not
unsubstituted phenyl ( -CgHs). '

-20 By “pharmmaceutically acceptable metabolite” is meant a metabolite or residue 6fa -

compound of formula (1) which: gives rise in use to a compound.of formula (II): .

wherein n, Q,R, R’, R”, X, Y, Z and Z’ have the meanings-described abo\;e;and below for

8 25 formula ], and additionally R can be H, with the proviso that when nis 1, X'and Y are both
TP0 KOLKATA 18832015 15 i
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H, R is methyl (-CH3), one of R’ and R” is H and one of R” and R” is methyl (-CH,), then
Z is not -CH=CHBr. '

Suftably, with respect to compounds of fdmiul’a 11, Whén.n is 1 and Z either is or is not —
CH=CHB]r, the moiety ROCOCR’R”NH- correspond's neither to alanine (ie as above, R is
not methyl (-CH;), one of R’ and R”is not H and one of R’ and R” is not methyl (-CHj)) |

nor to tryptophan (ie (1-érhino-B-indoly]propionic acid).

_ __More suitably with respect to compounds-of formula 11, when n is I_Iang Z_e.it}_mer 1s or'is not

~CH=CHBE, the moiety ROCOR’R”NH. is neither derived from nor corresponds to any

natufally ocurnng amino acid.

Even more suitably, with respect to compounds of fox.'mula« 1I, when nis 1 or 0, the moiety
ROCOCR’R”NH- does not correspond to alanine (ie R is.not methyl (-CHjs), one of R’ and
R”is1snot H and one of R’ and R” is not methyl (_-CH;)), Vdoes not preferably correspond
to tryptophan, and even more preferably the said moiety does not correspond to any - |

naturally ocurring amino acid.

‘Most preferably the moiety ROCOCR’R”NH- in compounds of formula 11 corresponds to a

non-naturally occurring amino acid.

- Reference in. the prés__ént specification to an alkyl group means a brénch_ed or unbranched,

: ~cyélic or-acyclic, saturated or unsaturated (eg alk;:nyl. or alkynyl) hydrocarbyl radic—al.f

25

30

4

WATA 1o@3izwl

Where cyclic, the alkylene group is preferably C; to Cy, more preferably Cs to Cjo; more
preferably Cs to C-,  Where acyclxc the alkyl group is preferably Cyto CM, more .
preferably.Cy.to C. ‘

Reference in the present spemﬁcanon to an aryl group means an. aromauc group contammg R
5 to 14 ring atoms, for example phenyl or naphthyl The aromatic group may be aA'
heteroaromahc group containing. one, two three or four, preferably one heteroatoms 3
selected, independently, from the group con51stmg of O, N and S Examples of such
heteroaromatic groups include pyridyl, pyrrolyl furanyl and thlophenyl Preferably, the
aryl group comprises phenyl or substituted phenyl ‘
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The alkyl and aryl groups may be substxtuted oF unsubstltuted ‘Where substntuted there
__will generally be one to three substituents present preferably one substituent. Substxtuents. ' o

may include halogen atoms, by which is meant F, Cl, Br and I atoms, and halomethyl

W

groups such as CF; and CC13, oxygen contmmng groups such as oxo, hydroxy, carboxy, ‘
carboxyC). ,6alkyl alkoxy, alkoyl alkoyloxy, aryloxy, aryloyl and ary]oyloxy, mtrogen f
containing groups such as amino, C, 6alkylammo dxC, 6alky1ammo cyano . azide and nitro; '
sulphur contammg groups such as thiol, Cmalky]thlol sulphonyl and: sulphoxide;

heterocychc groups which may themselves be substituted; a]ky] groups as defined above,

10 which may themselves be substituted; .and aryl groups as defined above, which may
themselves be substituted, such as phenyl and substituted phenyl. = Substituents on said

heterocyclic, alkyl and aryl groups are as defined immediately above.

‘Referénce in the present specification to alkoxy and aryloxy gruups means, respectively,
15 alkyl-O- (for example where alkyl is C, to Cyg, preferably C, to Ce) and' aryl-O- (for

example w}iere aryl- is a5 to li4emembe14'ed‘ aromatic mono- or bifused ring. moiety,

optionally containing 1, 2, 3 or 4 heteroatoms selected, independently, from O, S and N,

preferably aryl'is phenyl).

20 Reference in the present speciﬁcatien to alkoyl and aryloyl g.ro.up;meane .fespectxve]y,
alkyl- CO (for example where alkyl is C; to Ci¢, preferably C, to Cs) and: aryl CO- (for
example where. aryl is a 5 to 14 ‘membered aromatic ‘mono- or’ bifused rmg moxety, e A
ophonal).y containing 1,2,'3 or 4 heteroatoms,se]ected,--Amdependently,.:from-._ O, S and'N,
preferably aryl is phenyl).

25 o .

| Reference in the present specnﬁcatlon to alkoyloxy and aryloyloxy means,, respectlvely, o
alkyl- CO-0 (for example where a]kyl is C, to Cye, preferably.C; to: C6) and ary] -CO-O (for -~
example where aryl-is a.5-to 14 membered mono- or bxfused aromatic nng system,

“optionally contammg },.2,30r4 heteroatoms selected, mdependent]y, from O S. and N, .

30 preferably aryl is phenyl). -

Reference in the present specxfxcatton to heterocyclic groups means groups containing one

or more, pyrrolyl, lmldazolyl pyraziolyl, thiazolyl, 1soth1azolyl, oxazolyl,. pyrroh_dmy],

PmE s Lo 2 : 4
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pyrroliny), imidazohdinyl, imidazolinyl, pyrazolidinyl, tetrahydro‘ﬁjrarlly], pyranyl,
pyronly, pyridyl, pyraziny], pyridazinyl, pi;;eridyl, piperazirtyl, mor'pholin'yl,' thionaphthyl,
benzofuranyk—isobenzofuryl, indoiy]’, oxyihdbly], isoinddly]; indazolyl, indolinyl, 7-
azaindolyl, isoindazolyl, benzopyranyl, coufflarihy]', isocoumarinyl; quinq]y], isoquinolyl,‘
naphthridinyl, cinnolinyl, quinazelinyl, pyridopyridy}, benzoxazinyl, quinoxadinyl,

chromenyl, chromanyl, isochromanyl and carbolinyl.

The group Ar'cémpn'seS a substituted or unsubstituted aryl group, wherein the term “aryl

group” and the possible substitution of said group is as defined herein. Preferably, Aris a

substituted or unsubstituted phenyl grbup. Particularly preferred substituents are electron
withdrawing groups such as halogen (preferably chlorine or fluorine), trihalomethyl
(preferably trifluoromethyl), cyano and nitro groups. For example, Ar can be phenyl 3,5-
dichloro- -phenyl; p-tnﬂuoromethy]-phenyl p-cyano-phenyl, or p-nitro-phenyl. When Aris
a heteroaromatlc group, preferably it is optionally substituted pyndyl

Suitably, R is a Cy.y¢ primary or secondary alkyl group, a Cs_; carbocyclic aryl group or a

" Cy6alkylCs.jjaryl group. More suitably, R is a Cy.jo alkyl group, a phenyl group.or C;

alkylCs 7 aryl group. Preferably R is unsubstituted.

Preferably, R is methyl (-CHs), ethyl (-CzHs), n-or i- propyl (-C3Hy), n-or i- butyl (-CsHg) -
or benzyl (-CH,C4Hs). Most preferab]y, R is benzyl. Particularly, R is preferably benzyl
when one of R and R” is.H and one of R’ and R” is methyl (-CH3;); especially when Ar is
unsubst:tuted phenyl, n is 0 and each of X and Yi 1s F

Suitably, R’ ‘and-R” are each independently selected from the _group compnsmg H, Cy
primary, secondary or tertlary alky] C 3a]kle;7ary] or, when_together they form an -
alkylene chain, they prov:de together the C atom to w}nch they are attached, a Cij
carbocyclic aliphatic nng

Preferably, R’ and R’’ are the same and are alkyl more prefearbly they are both. methyl -
ethyl or n- or i- propyl. '
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Alternatively, preferably, R’ and R” are, independently, H, methyl (-CH,), secondary buty}
(-CH,-CH-(CH3;),), benzyl (-CH;C¢Hs), or, together with the C atom to which they are

attached, provide a-Cs.¢ ring.\

5 Preferred compounds mc]ude those where R’ and R” are both methyl, one of R’ and R”

H and one of R” and R” is methyl and R’ and R”, together with the C atom to which they

are attached, provide a pentyl ring.

Wh en R and K’ are differe m ‘the C. atom to whrch they are attached is chiral. The present

10 compounds can be L or D or a mixture of stereoiosomers. Preferably they are L.

It will be appreciated that the moiety —O-C(O)-CR’R”-NH- corresponds to a carboxy-
‘A.protected a-amino acid. R’ and R” can thus correspond to the side chains of a naturally
occurring amino acid. . . ‘ \
| 15 _ ]
. For example,. when one of R’ and R” is H 4and one of R” and R” is Me or PhCHj, the

moiety corresponds to alanine or-pheny]alanine, respectively.

Preferably, the stereochemistry at the asymmetric centre —-CR’R” corresponds to an L-
20 amino acid. The stereochemrstry at the asymmetric centre —CR’R” can, however,
correspond to a D-amino acid. Alternatively; mixtures of of compounds can be employed.-

havmg asymmetnc centres correspondmg to L and D .amino acrds

In the present specification by “naturally occurring amino acid” we mean Alanine,’
j 25 Arginine, As_paragine,‘ Aspartic Acid, Cysteine, Cystine, Glycine, Glutamic Acid, -
Glutamine, Histidine, H~ydroxylysine, Hydroxyproline, Isoleucine, Leucine, Lysine,-

- Methionine, Phenylalanine, Proline, 'Seﬁne, "‘I'hreonine', Tryptophan, Tyrosine.Aand‘.Valine.

The present invention is not, however -limited to compounds havmg a morety
30 cormresponding to a namral]y occurring, ‘amino. acnd The present mventlon specrﬁcal]y
includes compounds. havmg a m01ety whrch corresponds to a non-naturally occurnng

amino acid, such as, for example, ihose wbere R’=R”=alkyl, or, where together with the C

atom to which they are attached, R’ and R” provide a cyclic moiety. Preferably- with
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respect to: the compound of formula 1, the moxety ROCOCR R’ ’NH corresponds tooris °

derived from a non- naturally occurring amino acid.

With respect to -compounds. of formula 1 when n ishl, the moiety ROCOCR’R”NH-
5 preferably neither corresponds to nor is denived from alanine, more preferably neither‘“i ‘

corresponds. to-nor is derived from either of alanine or tryptophan, even more preferably

neither corresponds to nor is derived from any naturally occurring amino acid.

" With respect to .compounds of _fgrmuia I when n is 0, the ‘moiety ROCOCR’R”NH-

10 preferably neither corresponds to nor is derived from alanine, more preferably neither

corresponds to nor is derived from either of alanine or trytophan, even more preferably

neither corresponds to nor is' derived from any naturally occurring amino acid.
' Preferably Qs O.
15 A : ,
Preferably, X and Y are, independently, selected from the group comprising F, H and OH.

When n is 1, preferably each of X'and Y isH.

20 When' n is 0, preferably each.of X and Y. is F;.or X isOHand-Y'is H,or XisHand Y is
- OH. "

When Z isF,Qis O, nis I and X and Y are cach H; the base moiety of the compound of’
formula corresponds to thatof ﬂuorodeoxyundme i.e. compound (I)-above.

25 _ :
WhenZ is.H, Qis O, n is 0 and: X is-OH.and Y.is'H, the. base mmety of the compound of

: formula I corresponds to. lhat of cytarabme L.e. compound 2) above

When Z is H;QisO,n IS 0-and X and'Y are each F; the base mmety of the. compound of.

30 formulal corresponds to that of gemcxtabme 1.e: compound (3) above.

When Z isH,; Qis O, nis 0 and X is Hand Y is OH, the base moiety of the compound of

formula I corresponds to that of cytidine.
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Compounds of formula I'wherein n is 0 and X and Y are F are’ preferred. Panicu]arly
preferred are compounds of formula 1 wherein.n s 0, X-and-Y are F, Q'is O and Zis H,

corresponding 'to.phosphoramidated ‘gemcitabine.

Also preferred are compoond's of formula } wherein n is 0 and X is OH and- Y 1s H.

. Particularly preferred are compounds of’ formu]a I wherem nis 0, X is.OH, Y isH, Qis O.

and Z is H, corresponding to phosphoramrdated cytarabme ' K

10 Also preferred are compounds of formula T wherein n is 0 and X is H and Y is OH..

Parncularly preferred-are compounds of formula 1 wherem nis0,XisH, YisOH; QisO
andZ.is H, corresponding to phosphoramidated cytidine. '

Suitably, Ar is a S to- 14 membered aromatic ring moiety. The one or two rings may

15 include 1,2, 3 or 4 heteroatoms, preferably 1, selected, independently, from O;.S and N

~~ Preferably, Ar is a carbomonocyelic aromafxc ring moiety. .-More preferably,. Ar is a- C¢ -

U 4 monocyclic aromatic ring moiety, ie is optionally substituted phenyl.

20 One, two, _three or. four substituents, which may be.the same or different, may be. present on.
Ar and are selected from the group .comprising. halogen, which may -F, -Cl, -Br.or -I; -, :
NO,; -NHy; option"aily' substituted --C_jalkyl; optionally eubsximted -C.-;a]ko‘x-,y,‘ preferably.
" methoxy (a(jCHj); optionally substituted —SCr.safkyl'; -CN; optional-l.y' substi-fut-ed--C.OC,-
jalkyl; and. optionally substituted -C02CA 1 3a]k.y] The. optional substitutents are one. or
25 more up to SIX, preferably three, members selected from the group compnsmg halogen .
- which may be; F, Cl Br-and, I and NO; Preferred subsntuents on’ Ar mclude F Cl CF;, :
and NO,. ‘

The substituents may be at any-position.on th'e'ring moiety Where the ring moiety is Cg ieb

30 phenyl, a single substituent at the 2:(ortho).or 4 (para) posmon is preferred. Where Ar s

phenyl a single substituent at the 4 posmon is more preferred .

o - e I T T o, N S Ny O
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Preferably, Ar is an optionally substituted. phenyl moiety. More preferably, Ar is selected
form the group corﬁpn’sing: Ph-, pCF3C¢Hy-, pFC‘6H4-, pNOzCer, pCle'H4- and
OCI'C6H4-. : i e

Suitably, Z is se]ecfed- ﬁ'om.the gr_o_uﬁ comprising H, C,.¢ alkyl, substituted Cis alk&], Cis
alkenyl, subs‘iituted C,(, _alkeﬁy]; Ci.¢.alkynyl, substituted C).¢ alkynyl and halogen, where
halogeﬁ is’F, Cl,Bror 1 Substituents that méy be present on the alkenyl or alkynyl moiety
are selected from the group comprising F, Cl, ‘Br, I', and —CO;Me. One, two or three

substituents may be present. The alkeny! and alkynyl groups may contain one or more sites -

of unsaturation.

Where Z is substituted alkenyl or alkynyl, the substituent is preferably on the terminal C

atom._

Preferably Z is selected from the group comprising H, F, optionally substituted C,.galkyl .
particularly Me' (-CH3), optionally. substituted C,.¢alkenyl and optionally substituted C;.

6alkynyl; the Gptional substituents being as recited immediately above.

When n'i.‘s. 1,2’ is O, Qis O and X and Y are each H, preferably Z is a substitijted. C
alkenyl (i.e. ethenyl or vinyl) moiety .(-CH=CH-); more preferably, Z is b}omoviny] (-
CH=CHBr) or methylpropenoate (—’CH?CHCO:Me); and most’ preferably,‘ Z s -
CH=CHBr. o ’ :

With respect to compounds of formula II, preferably w.h_en_ngis } and X.and Y are.both H, .

then Z is not F )

With. respect to compounds df' formula I, when n is 0, preferably X is not'H- and Y is not -

OH, more preferably X is OH and Y ISH orXandY areboth F. -

With respect-to compbunds of formula I, when n is 0, X is OH and Y is H, preferably
neither R’ nor R” is phenylmethyl (ie beniy]) or 3.-methylindolyl (1e }CH;indolyl);
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Surprisingly, modifying the ester moiety in compound (7) has been found to show a
marked increase in ‘potency wrth respect to cancer cell lines. A preferred compound
embodying the. present invention is the benzyl ester (8) 1t has surprisingly been found- that~

the benzyl ester (8)is-very sxgmﬁcantly more potent agamst several cancer ce]] lines than
5 the methyl ester (7):

|

l

|

o Br
HN
‘ 0
—_ —“‘—‘—0 _Bfe—”‘O : R — -
-C—CH l;}—H—O o

H

Compound (8) inhibits the growth of colon cancer cell line HT115 by 50% at ]..4 pM,

10 whilst (7) requires a concentration of 244 pM; (8) is thus 174 times more. potent.
Compound.(S)' i also 8 times more potent than (7) versus prostate cancer cell line PC-3
(19 uMvs. 155 pM). -+ = '

i

The degree of potency. enhancement for (8) vs. (7) is surprising based on- the prior art. - h

15 Thus,A comparing the equivalent phosphoramidates.of d4T reveals a ca 4-fold potency boost-
" of (10)-over (9) [McGuigan et al, AVCC, 1998, 9, 473-9): '

20° This would 1mply that the benzyl phosphoram1date motif in (10) is ca 4-fold more efficient

at the intracellular delivery of the bio- actwe free phosphate forms of d4T than is the |

methyl ester (9).- A person skxl]ed n the ant would antrcrpate a 31m1]ar degree of
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enhancement for-the-benzyl phOSphoram:date of BVDU (8) over the methyl ester (7) whilst

we observed an almost 200-fold enhancemem for colon cancer as noted above.

Surprising efficacy of modiﬁdati_on_s in the amino acid and aryl moieties. of the BVDU

5 " phosporamidate has also been found in C6mpounds embodying the present invention.

Thus,, compound (11) has simultaneous modification in these two: regions, beiﬁg the p-

trifluoromethylphenyl benzyl [a,aiaméthyl glycinyl ]phosphorémidate,

10 F3
Compound 11 shows highpbtency against a_range of cancer cell types and is significantly
and surprisingly more potent than (7). "I’h‘us for breast cancer (1 1) is 60-fold more active:
(1.3uM.vs 79 pM), and for prostate cancer (11).is 254-fold more potent (0. 61 puM- vs. 155 '
I5 pM). Against colon cancer, (11) is 35-fold 'more potent (7 pM vs 244 pM) Again, the-
degree of enhancement of the analogue (L1) vs. (7)1 1s_surpnsmg based on:prior art. Thus, -
'cdmpan'ng; (12) [dimethyl g]ycih;—‘modiﬁcat'i(')r)]- and (]3)’~.[p-CF3phen.yl'modiﬁca;ipn] to

(9) showsno significant di ff’erénce‘ih‘potency.

~
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Thus 50% effective doses vs HIV=I-for (9) (12) and (]3) are: 0.075, 0.29, and 0.01 pM

respectively; within experimental error, (]2) and (13) are identical in potency to (9). Thus a

_person skilled .in the art would have predicted that (1 1) ‘would show htt]e enhancement

over (7) as opposedl' to the 35.to 254-fold enhancements noted above.

Thus, compounds embodying the present invention and having variations in one or more of

the ester (R), amino- acid (R, R”) and'aryl‘ (Ar) region of the phesphoramidate structure

compared to phenyl methoxyalaninyl phesphoramidate can give surprising and substantial -

_potency boosts of pro-tides derived from BVDU against a range of cancer cell types. _

According to a further aspect of the present invention there is provided a compound. having
formula 1 éccording to the present invention for use in a method of treatment, preferably in

the prophylaxis or treatment of cancer.

According to a further aspect of the present invention there is provided a method of

phrophylaxis or treatment of cancer comprising administration to a patient in need of such

treatment an effective. dose of a. compound having formula I according to- the present . -

oy

According to a further aspect of the present invention there is provided use of a.compound
having formula I of the present.invention in the manufacture of a medicament for use in-the

treatment or prophlylaxis of cancer.

According to a ﬁmher aspect of the present inveﬁtion‘ t-here is provided a pharmaceutical.

composition . comprising. a compound havmg formula I of the present mventlon in

combination thh a pharmaceuncally acceptable excxplent camer or dlluem

Accordmg to a: further aspect of the present invention there 1s provided a: method. of .

preparing .a pharmaceutxcal composmon compnsmg the step of combmmg a compound-

having formula I of the. present invention’ wnth a pharmaceutncally acceptable ‘excipient,

carrier or diluent.

hea]
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The present invention 1s parhcularly applxcable forthe treatment of a patient having breast
cancer, colon cancer or prostate cancer. Examples of such cancers include breast MDA

MB231, ‘colon HT115 and prostate. PC 3.

The compound ha\'ling. formula 1 or pharmaceutical composition according to the présent‘

invention can be administered to a p.atien't;"which' may be human or animal, by any suitable

- means.

The medicaments "eﬂp_lgyed in_the present invention can be administered by oral or

15

20

30

25

parenteral routes, including intravenous, intramuscular, intraperitoneal, subcutaneous,
transdermal, afrway (aerosol), rectal, vaginal and topical (including buccal and sublingual)
administration.

For oral administration, the compounds of the invention will generally be provided in the
form of tablets or capsules, as a powder or granules, or as an aqueous so]uti_on or

suspension.

Tablets: for oral use may include the active ingredient mixed ‘with ,pharmacemically

acceptable - excipients “such as- inert. diluents, disintegrating agents, binding agents,

']ubn'ca.t-ing; agents,- sweetening. agents,. flavouring agents, colouring: agents and

preservatives.” Suitable inert diluents include sodium and calcium carbonate, sodium and

calcium phosphatc' and _ lactose, -while ‘comnstarch- . and alginic acid are: suitable

disintegrating agents. Bmdmg agents may mclude starch and gelatm while the lubricating

agent, if present, will-generally be magnesmm stearate, stearic acid or talc. 1f desired, the E

. tablets may be cbaﬁg_d'with a m‘ateﬁal'lsm':h as glyceryl monostearate or glyceryl. distearate,

to delay absorption in the gastroimestinal';trdgt.«

Capsules:for oral use. mclude hard ge]atm capsu]es n which. the actxve 1ngred1ent is mixed-

with a solid diluent, and: soﬂ ge]atm capsules wherem the acnve 1ngred|ent is mnxed with

water-or an-oil such as peanut oil, ]quld parafﬁn or ohve oil:

Formulations for rectal admmxstrahon may be presented as a supposntory with a suitable

base compnsmg for example cocoa butter or a sahcy]ate
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Formulations suitable for vaginal administration may be presented as pessaries, tampons,
creams, gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropnate. -

For intramuscular, i-ntraperitoneal' subcutaneous and intravenous use, the compounds of
the invention will generally be provrded m stenle aqueous solutions or- suspensions,
buffered to an appropnate pH and- 1sot0mc1ty Suitable aqueous vehicles include Ringer’s

solution and isotonic sodium chlonde Aqueous suspensrons accordmg to the invention

IeQ
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may include suspending agents such as cellulose derivatives, sodium alginate, polyvinyl-
pyrrolidone and gum tragacanth, and a wetting agent such as lecithin.  Suitable
preservatives for aqueous suspensions include ethyl and n-propy} p-hydroxybenzoate.

The compounds of the invention may also be presented as liposome. formulations.

In genera] a suitable dose will be in the range of 0. 1 to 300 mg per kilogram body weight
of the recipient per. day A preferred lower dose is 0.5 mg per kilogrm body werght “of
recpient per day, a more- preferred lower dose is:6 mg per kilogram body werght of
recipient per day,.an even more preferred: lower dose.is 10 mg per kilogram body werght
per recipient per ‘day. A suitable dose is preferably: in the range of 6 to 150. mg per . -
kilogram body weight per day, and most preferably in. the range of 15 to 100 mg per
kilogram body weight per day. The desired. dose is .preferably presented: as tw‘o,.three,.
4four, five or six or more sub-doses administered at appropriate intervals thr,ouéhout- the
day. These sub-doses may be administered in unit-dosage forms; for example, containing
10 to 1500 mg, preferably: 20 to 1000 mg, and rnost preferably- 50 tor 700 mg.of active -

ingredient per unit dosage form.

Accordrng to a further aspect of the present mvcntron there is. provrded a process for. the

preparatlon of a.compound having formula 1 accordmg to the present mventron the process

comprising: reactrng ofa compound of formula (1m):

PR

WATA 1EGZTFOLE 1LE= 2O
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~With a compound of formula (IV):

Data are presented for a range of structures against tumour cell types fepres.enting‘ a range

p R B
R——O—C%N-—P-CI av)
WA |
. R H (l)
Ar

wherein Ar,n Q, R, R’ R”, X, Y, Z’ and Z have the meahihgs described above with respect. -
to formula (1).

. . - : ) . - - x - PR
Embodiments of the present invention .will now be described, by way of example only, -

with reference to the following examples, e)tperimental. procedures and experimental data.

of common cancers in-man with un-met clinical need:"breast MDA: MB231-,-'c010n HTT1S,-

prostate.PC-3. Data.from these assays are presented-as Table I.
Experimental Procedure ... . .

General methods .

The: followmg anhydrous solvents and. reagents were: bought from Aldnch w1th sure -
stopper dichloromethane (DCM), dxethyl ether (Et20) tetrahydrofuran THF) N-
methylimidazole (NMI), methanol (MeOH) dxmethylformamnde (DMF) 14 dxoxane

triethylamine was dried on molecular sieves. of 4 Angstrom.
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NMR: signals: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), bs (broad

20

25

-'temperature the appropnate ammo ac1d (1-mol eq) was added and the reaction heated: at -

- amino ester hydrochlonde sa}_ts_

30
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Thin Layer Chromatography
Thin layer chromatography (TLC) was performed on commerc:ally available

Merck KICSCI ge] 60.F,s4 plates and separated components were wsuahzed using ultraviolet
light (254 nm and 366 nm).

Column-Chromatography

Columns were: performed using (Kieselgel 60, 35-70um,A Fluka) as the stationary
phase. Samples were applied as a concentrated solution in the same eluent, or pre-adsorbed

onto silica gel.

‘positive shifts are downfield. The fo]lowmg abbreviations are used in the assignment of

‘Standard procedures. .

NMR Spectroscopy
'H, °C and *P-NMR were recorded on a Bruker Avance DPX300 spectrometer
with operating frequencies of 300MHz, 7SMHz and 121MHz reSpective]y 3'P_NMR

spectra- are reported in units of & relatwe to 85% phosphoric acid as extemal standard,

signal), dd (doublet of doublet), at (doublet of triplet). Starred signal signal-are splitted due

to stereoisomeric mixtures. - : I

For.practical purposes, standard procedures are given where applicable.

Standard procedure 1: Synthesis of Amino-ester hydrochlonde salts
To a stiming  solution of anhydrous alcohol ( 10 mol eq.) was added thxony] ch]onde 2

mol eq) at 0° C, and the resulting solutnon stxrred for 1 hr. Aﬁer warmmg to room

reflux for 6-16 hrs. Removal of solvent and recrystalhsatxon from methanol/ether gave the

Standard procedure 2: Syntliesis of Amino- benzyl ester h ydrochlonde salts.

The appropniate amino acid (1.0 mol eq.), p -toluene sulfomc ac1d (l 0 mol eq) and
anhydrous benzyl alcohol (4 1 mo] eq.) were heated at reﬂux n toluene (10'mol eq.) with
Dean-Stark trap for 24 hrs. On cooling to ‘Toom temperature Et,0 was added and the

AT A TEGITEFLS 1E5: 26
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mixture was left in ice bath for lhr then filtrated and weshed with Et;O. The solid was
dissolved in DCM and washed with 10% K2COj and water. The organic layer was dried
over MgSO,, filtered and the solvent rer‘r)oyed under reduced pressuref-to give an oil. This
was solubilized in acetone and neutralized with 1 M HCL. Et,O was added and the solid

was filtered and washed with Et;0 to give a white solid.’

Standard proeédure 3: Synthesis of Elrvospirbrodichloridate speeies.' .
Phosphorus oxychloride (1.0 mol eq.) and the. appropriate substituted phenol (1.0 mol)
were stired with anhydrous dxethylether (31 mol eq.). To this was added anhydrous

15

20

tnethylamme (1.0 mol eq) at —80 °C and left to rise to room temperature over 16 hrs. the

triethylamine hydrochloride salt was filtered off, and the filtrate reduced to dryness to give

the crude product as a clear liquid.

Standard procedure 4: Synthesis of Phosphochloridate species. - o
Phosphodichlondate (1.0 mol eq.)Aand the appropriate amino ester hydrochloric salt (1.0 -
mol eq.) were suspended in anhydrous DCM. Anhydrous triethylamine Aw'as added

dropwise at —80 °C'and after Thr the reaction was lefi to rise to room temperature. The

-formation of 'phosphochloride'-te was monitored-by >'P-NMR. After 2:5 hrs the-solvent was .

removed under reduced pressure and the solid obtained washed with. enhydrous ether (2x20-
ml), filtered, and the filtrate reduced to dryness to give the products as crude oil. These oils

were usually used without further purification.

Standard procedure 5: Synthesis of Phosph_(orto_uamid\ate derivatives.

25

30

KO KA

To a stirring solution of (E)-5-(2-bromovinyl)-2’-deoxyuridine. (1.0 mol eq.) and the
appropriate‘ phosphoch'lon'date (2.0- 30 mol eq) in‘anhydrous THF at -80°C was. added--

dropwise-over I min NMI (5:0-mol eq ) Aﬂer 15 mms the reaction was left to rise to room:

temperature and stirred at room: temperature for 2-19 hrs. The solvent. was removed under kR

reduced pressure and the yellow oil obtained was drssolved in DCM washed thh O 5 M '

HCl, and water. The organic layer 1s dried over MgSO4, ﬁltered reduced to dryness and

punﬁed by -flash: chromatography (Chloroform/Methanol 97/3 chh]oromethane/Methanol
97/3).
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Synthesis of»l\l’ethyl-l-émino-l-cy‘clopentanoate hydrochloride salt.
C¢H;4CINO3; MW=179.68. ' '

————

O<002Me
NH2HCI

This  was’ synthesrsed. according to Standard Procedure 1, using 1-amino-1-

cyclopentaneéarboxy]ic acid- (3.876 g, 30' mmol) with thionyl chioride (4.44 mL, 45

ey

10
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mmol,) and anhydrous methanol (15.5 mL) The product was isolated as . a_jnte SOIld_(4 3

g, yield 89%).

'H-NMR (CDCl3; 300 MHz): & 9.1 (3H,.bs, NH;'Cl), 3.85 3H, s, OCH}3), 2.3-2.2 (4H, m,
4H cyclopentane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H cyclopentane).

BCNMR (CDCl3; 75 MHz): § 26.6 (2CH; cyclopent),.38.1."(2CH, cyclopent), 54.8
(CH;0), 66.6 (Cq cyclopentane), 174.1 (COOMe). ' '

Synthesis.of Ethyl-1-amino-1-cyclopentanoate hydrochloride salt. -
CsH1,CINO,, MW=193.71. -

E><co25t ,
" “NHzHC!

~

This was" symhesrsed according. to Standard Procedure 1, using 1- ammo 1-
cyc]opentanecarboxyllc acxd (5.0 & 38 6 mmol) wrth thronyl chlonde (572 mL, 58 mmol)-
‘and anhydrous ethanol (29. mL) The product was rsolated as a. whrte solrd (6.98 g, yield

93%)..

'H-NMR (CDCl; 300 MHz): § 9.0 (3H, bs NH; c1) 43(2H, q, ’J—s ‘OCH,CH3), 23- -
22 (4H m, 4H cyclopentane) 215 (ZH 2H cyc]opentane) 195 (2H, m,.zH'. -

cyclopentane), 1.4'(3H, t, 3= 8 OCH;C_;)

BC.NMR (CDCly; 75 MHz): & 14:5. (gH;CHz) 25, 8 (2CH2 cyclopent) 374 (?.CH2 e

cyc]opent), 63 0 (CH3CH,), 66.2 (__q_cyclopentane) ]72 1 (COOEt)




. _ monochydrate (5.625.g, 29.55 mmol) and anhydrons benzylic
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Synthesis of Bcnzyl'-]-amino—]-cyclopentanoate hyidrochl'orideisa]t. '
C14H;3CINO;; MW=255.78.
COan

NHo HCE

This was synthesised - according - to ~ Standard Procedure 2,: ‘using  l-amino-1-

cyclopentanecar’Bbxylib acid” (3.682' ‘g, 28.5 mmol) ~with p-toluene sulfonic acid -~ -

in Toluene (20 mL). The product was isolated as a white so]id.(6-.441 g, yield 88.5%)
Hydrochl'oride-salt' 'H-NMR (CDCl3; 300 MHz): § 9.05 (3H, bs, NH;"CI"), 7.4-7.25 (5H,
m, Ph), 5.15 (2H, s, CH,Ph), 2.3 (4H, m, 4H cyc]opemane) 215 (2H, 2H cyclopcntane)
1.95 (2H, m, 2H cyclopentane)

13C-NMR (CDCls; 75 MHz): & 25.9 (2CH; cyclopent) 37.3 (2CH2~cyclopent.), 66.3 (Cq
cyclopentane), 68.3 (CH,Ph), 1292, ]29 0, 128.8 (‘o’, ‘'m’, CHyPh), 135.5 ('p’,.CH2Ph),

172.1 (COOBn):

Synthesis. of r_net‘hyl;Z-'amiho—2-me}thylpropa’noate hydrochloride salt
CsH;;,CINO3;, MW-153:61.

HCIH2N><8/°\., |

This was synthesised: accordmg to Standard- Procedure ] usmg 2 -amino- 1sobutync acid

(5.102- g, 48.49 mmol) with. th:onyl ch]onde (11 538 g, 96 98 mmol;. 7.04. mL) and

anhydrous methanol (19:6 mL). The. product was. 1so]ated as a whxte sohd (6. 636 g y1e]d ‘
89.2%). ; ’

'H:NMR (CDCl3; 300 MHz): 5881 (3H bs, N&Cl) 383 GH, 5,.0CH ) 174 (6H, s,
[CH;)0).
BC-NMR (CDCly; 75 MHz): 8 24.1, 243 ((CH3};C), 57.9.(C[CHs},), 172.4 (COOCH}).

KOLKATA 18832815 15=20
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. 86.3%).

benzyhc alcohol, (8 360 g 77 30 mmo] '8 ml), in. toluene (20 mL) The product was

22 .

Synthesis of ethyl-Z'—amino—Z-melhylpl.rol-)‘anoa.te hydrochloride salt.
C¢H4CINO,, MW .167.63. '

HC|H2N><g(O\/ '

This was synthesised accordmg to Standard Procedure 1, using 2 -amino-isobutyric acid

(5.102 g, 48. 49 mmo]) with thionyl chlonde (11 772 g, 98. 95 mmol, 7.2 mL) and

"H-NMR (CDCl3; 300 MHz): § 8.93 (3H, bs, NHiCl), 4.3 (2H, g, >J=7.1 Hz, OCH,CH3), |
1.75 (6H, s, [CH3);C), 133 (3H, , 3J=7.1 Hz, OCH;CH;). |

BCNMR (CDCl3; 75 MHz) & 14.4 (CH;CH,0), 24.3 ([C’Hg]ZC) 57.9 (CICH3)y), 63. 1
(OCH,CH3), 171.6 (COOCH,CHj3).

Synthesis of benZ)’l-2famino—2'—'rhethylprop5noate hydrochloride salt.
CnH¢CINO,, MW 229.70. S . . ‘ -.

HC|H2N><IrO\/©: L . .
(o} .

This was synthesised accordmg to Standard Procedure 2,.using 2-amino- 1sobutync acid

(1.960-g, 19.00 mmol) with. p—toluene sulfomc acxd monohydmte (3 150g; 19.7 mmol) and - -

isolated as a white-solid. (2.556 g, yleld 87 4%) .

p-toluenesulfonate salt: 'H-NMR (CDCl;, 300 MHz): § 840 (3H, bs, NH,Cl),
1779 (2, d, *J=8.0 Hz, ‘'m’ p-TSA), 7.34 (3H, m; CHzPh) 1. 14(2H d, J—8O Hz, o'p .
TSA), 5.16.(2H, s, CH;Ph), 2.38 (3H, s, CJ_J, p- TSA) 157 (6H s,[CHi),C)

1]
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BC.NMR (CDCl3; 75 MHz): & 21.8 (CHs, p-TSA), 23.9 ([CH3),C), 57.8 (C[CH3),), 68.3

(CHoPh), 126.55, 128.5, 128.8, 129.0, 129.3 (CH,Ph+p-TSA), 135.4 (‘ipso’, CH,Ph),

1408 (', p-TSA), 141.9 ('ipso’, pFSA), 171.9 (COOCH,Ph). 7

Hydrochloride salt: "H-NMR (CDCls; 300 MHz): § 9.10 (3H, bs, N[_{_;Cl) 7.41-7.31 (5H,
5. m, CHyPh), 5.27 (2H, s, CH,Ph), 1.77 ([CH3):0):

'3c NMR (CDCls; 75 MHz): § 24.2 ([CH;)C), 58.0 (C[CHs)), 68.5 (CH,Ph), 128.62,

129.0, 129.1 (6", ‘m’. ‘p’, CHyPh), 135.2 ('ipso’, CHyPh), 171.8 (COOCH;Ph).

10 Synthesis of (E)-5-(2-bromovinyl)-2’-deoxyuridine
(E)-5-(2-Carbomethoxyvinyl)-2’-deoxyuridine

15 A mixture of Pd(OAc), (0.316 g,' 1.41 mmol),’ PPh5 (0.741 g, 2.82 mmol);, and-

triethylamine (4.9 mL) in 1,4-dioxané (50 -mL) was stirred at 70°C. until. an intense. red
| colour had 'deve]'oped. To this 5.-iodo—2’.-,deoxyu'ridine (10 -.g,. 28.24° mmol)- and .

methy]’acn’l'e_lté (4.862 g, 56:48 mmol, 5.‘1: mL) in 1,4-dioxane (20 mL) were: added a_nd: the
mixture stirred at reﬂux-ed:.fo‘r 30 minﬁ. The reaction. was filtered while still.hot and the . .

20 filtrate cooled over night- at 4°C The résdliing pal‘e‘yel'low precipitate was. ﬁ]tered washed-: -

| with DEM and dned in vacuo to gnve the product as white sohd (6 2 & yle]d 70. 7%) .

'H-NMR" (DMSO- d6, 300 MHz) 8.11.64 (1H, bs NH—3), 8.42 (IH s, H-6), 7. 37 (1H,. d
3J—15 8 Hz, H vinylic), 6.86 (IH d; 3J—158Hz vayhc) 6.13 (lH t, 3J-65 Hz, H-1"),
527520(2}-1 2bs, OH-3°, OHS) 427(]H m, H3) 38] (IH m, H-4) 368(3H s,

25 _1)360(2HmH5)2]8(2HmH2)
BC.NMR (DMSO -dg; 75 MHz): 6 40.4 (C-2° ) 51 6 (CH;) 66.7 (C 5 ), 70.0 (C-37), 85.2
(C-4%), 88.0 (C-17), 108.5(C-5), 116.5 (C- 5b) 1385(C 5a) 1444(C 6) 149.6, 162 1 (C-
2,C-4), ]67 6 (COO0).
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(E)-5-(2-Carboxyvinyl)-2’-deoxyuridine

(E)-S-(2-carbthethoxyvinyl)_—Z’-deoxyun'dine (6.0 g, 19.33 mmol) was dissolved in 300
mL of 1 M NaOH and the mixture stirred at room temperature for 3 hrs, filtered and the
filtrate adjusted to pH 2 with TM HCI. On cooling at 4°C a-white. precipitate formed.. This
was filtered off and washed with cold water (2x 20 ml) and-acetone (2x20 mL)- and dred to "
10 give a white solid (4.441 g, yield 77.1%).
"H-NMR (DMSO-dg; 300 MHz): 6 12.18 (1H, bs, CO3H), 1164 (1H; s; NH-3), 8.40 (1H,
s, H-6), 7:30 (1H, d, *J=15.6:Hz, H vinylic), 6.78 (1H, d,>/=15.8. Hz, H vinylic), 6.14 (1H, . -
| t, *J=6.4 Hz, H:1’), 538 -5.08 (2H, bs, OH-3’, OH:5"), 426(1H .m, H3) 380(1H m,
»H4)364(2HmH5)2]8(2HmH2) i
15 PC-NMR (DMSO-ds; 75 MHz): § 40.1 (C-2°), 6]2(C5) 701 (C3),851 (C-4), 88.0

(Cl) 108.7 (C-5), 118.0 (C-5b), 137.9 (C-52), 143.9 (C-6), 149.6, 162.1 (C-2, C—4) :
1684(COOH)

(E)‘-S—(Z‘-bromovinyl)‘-z’-depxyuridine BT
20 o

OH
To a solution of (E)-5-(2-carboxyvinyl)-2’ deoxyundme (5. 777 g, 19.37 mmol) in
dimethylforamide (29 mL) was added K,€0; (5. 890 g, 42. 61 mmol) and the .suspension

stirred at room temperature for 15 mins. A soluhon, of N- bromosuccmxmxde (3.655 g,

e e P i o T T St O = T 5 s :_' l::_‘
1po KGLKATA 16320l 15
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20:53 mmol) was added dropwise over 30 mins at 20°C. The resulting, suspension was

filtered and .the solid washed with DMF. The combined. filtrate and washings were

evaporated to,dfyn_ess in vacuo and the residue dissolved in MveOH.*'Fo this silica gel was

added and the suspension evaporated to' dryness and the so]id'applied. to the >top' of 1
5 chromatographic colurnn. The column was 'elfut'ed* with ch]o'rofo.mx/methanolz 92/8 to give a .

whitée solid (5787g, 71-.9»%)._erstal'1i'3atiohe from water gave:a white powder. '

'H-NMR (DMSO-dg; 300 MHz) & 11.59 (1H; bs, NH-3), 8.08 (iH, s, H-6), 7.25 (IH, 4,

3J——;']3A.6 Hz, H-sb)', 6.85. (1H‘,:’d,‘3J¥l3.6- Hz, H-5a),'6.13 (1H, t, *J=6.5 Hz, H-1"), 5.29

Ty

4

e’

______(1H,bs, OH-3), 5.13 (1H, bs, OH-5"), 424 (1H, m; H-3"), 3.79 (1, m, H:4"), 3.66 2H;__. :
10 m, H-5%), 2.51 (1H, m, H-2’), 2.14 (1H, m, H-2"). -

BC.NMR (DMSO-dg; 75 MHz): § 40.2 (C-2°), 61.3 (C-5), 70.3 (C-4°), 84.8 (C-3"), 87.8 g

(C-1°), 108.9 (C-5b), 110.0 (C-5), 130.3 (C-52), 149.6, 162.1 (C-2, C4). g

15 Synthesis: of '(E)-5-‘(2-Bromovinyl)-2’-deoxyuridine.-S-’-'[pheny;l-(methoxy-L-alaninyl)]-
phosphate (CPF 1).
C2;H2sBrN3OgP, MW.574:32.

T
Ot
MeO_. A o

. CH;

o}
.20
ThlS was. synthe31sed accordmg to Standard procedure 5, usmg BVdU (300 mg, 090 -
mmol), Phenyl-(methoxy-L- alamny])—phosphorochlondate (472 mg, 1 7 ‘mmol), NMI (4 5 “
~mmol, 378-pL) in THF (9 mL) for 2 hrs: The crude product was punﬁed by co]umn

chromatOgraphy, eluting with CH;Clleethanol 97 3 to gwe the pure product as a whlte
25 * foamy solid (356 mg, yield 69%).

3P.NMR (CDCls, 121 MHz): § 4:72, 4.40.
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"H-NMR (CDCly; 300 MHz): 8 9.9 (1H, bs, H:3), 7.64 (1H, 2xs, H-6), 7.44-7.39 (1H, 2d,
3J=14 Hz, H-5b), 7.37-7.15 (5H; m, OPk), 6.75-6.67 (1H, 2d; '3J=14 Hz, H-5a), 6.30-6.21
(1H, 2t, J=6 Hz, H1?), 4.57-4:29 (3H; m, H-5’+H-3"), 4.2-3.96 (3H, H-4’, NH;-CHala), -
3.72 (3H, 5, CH;0), 2.49-2.40:(1H, m, one of H-2"), 2.12-2.01 (1H; m, one of H.-z?),. 1.38
(3H, , /=7 Hz, CHy ).

BC-NMR (DMSO; 75 MHz):  22.4_ (CHs ai), 41.9; 418 (C-2%), 51.9 (CH[CH3)), 54.3
(CH;0), 67.5 (C-5°), 72.3, 719(C3), 87.3, 872, 86.9, 86.8 (C-1, C-4%), $10.6 (C-5b),

- 113.1 (C-5), 121.7 (‘o’, OPh), 127.0 (‘p’, OPh); 130.1 (C-5a), I3L1.5'('m’, OPK), 139.2 (C-

)

¢

6),.150.9 ('ipso’, OPk) 151.9 (€-4),163.2(C-2), 175.7 (COOCH;):

Synthesis of . (E)-5- (2 Bromovinyl)-2’- deoxyundme-S’ -[phenyl-(ethoxy-L- alanmyl)]-
phosphate(CPF 3) ’
C22H27BrN309P, MW=588.34.

O+
: NH )
E ' :

o

This was synthesised according to Standard procedure S, .using BVAU (150 mg, 0.45.

mmol); P»henyl-'(ethoxy-I;-alahinyl)-phosp}iorochloridatt‘c (249‘ mg, 0.9 mmol),. NMI (2. 8 :
| mmol, .190:pL)-in THF (4 mL) for 2 hrs. The’ crude product was: punfied by column '
chromatography, elutmg with. CHzClz/Methano] 97 3 to gwe the. pure product as a ‘White ‘-
foamy solid: (145 mg; yield. 55%)

3'P.NMR (CDCl;, 121 MHz): ' 4.48, 4.86. o

'H-NMR (€DCl;, 360 MHz): & 7.65 (1H, 2xs, }—-1—6)? ’_/‘._44,'-7":39"(_'1]'{, 2d, 3J=.]-3 Hz, H-5b),
7.35-7.10 (5H, m, OPh), 6.78-6.65 (1H, 2d, 3J=.1‘3"Hz,‘ H75u)1,"6.3.5-o.25 (1H, 2t, JJ=6 Hz,
H1’), 4.62-3.95 (8H, m, H-5’, H-3°, H-4’, CHala, NH,'CH;C]_J;b), 2.49-2.40 (1H, m one
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of H-22);72:10-2.00 (TH, m, one of H-2"), 1.40 (3H, d, *J=7 Hz, CH3 ), 1.25 3H, 2t, > =7

Hz, CH;CH,0). . .
PC-NMR (CDCl;, 75 MHz): & 14.5 (gH3CHZO) 21.2,21.1 (CHsala), 40:9;40.7 (C-2°), ——
50.8, 50.7 (CHala), 62.2, 62.1 (CH3€H,0), 66.5, 66.3 (C-57), 70.9, 70.6 (C-3"), 86.0, 85:6
(C-1’, C-#), 110.1 (C-5b), 11 1.8 (C-5), 120:6 (‘0’,.OPh), 125.0 (*p’, OPh), 129.0 (C-5a),
130.2 ('m, OPh.), 138.2 (C-6); 149.9 (C-4), 150.7 ¢ _'ip_ga ', OPh), 162.3 (C-2), 1-74.2,174.1_
(COOCH,CHy). P
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Synthesis of (E).-S-(Z-Bromovinyl)‘-‘2"‘-deoX);urid-inééS’r[phehyl-(benzoxy’-L-alaniny])]'-
phosphate (CPF.2).
C27H29Bl_’-N309P,'MW=649.08.

. = T
R Vs
‘ . NH -
Bn ' ‘ OH.
T CHy

o

ThlS was syntliesised -according to Standard procedure 5, usmg BVdU (150 -mg, 0.45

.mmol), Phenyl- (benzy]oxy L- a]amny]) phosphorochlondate (249 mg, 0.9 mmol), NMI -

(2.8 mmol, 190 pL) in THF (5 mL) for 2 hrs The:crude product was purified. by. column :
chromatography, elutmg with CHzClz/Methano] 97: 3 to give. the pure. product as. a white
foamy solid’ (228 mg, yleld 78%) y
YP-NMR (CDE};, 121 MHz) 8 4 74 4.44.
H-NMR (CDCl;,:300 MHz) 3 10. 31 (lH bs B- 3) 7.63 (1H 2xs, H-6), 7.45-7.14 (11H..
m, OPh+CH,Ph, H-5b), 675 6.66: (lH 2d, =14 Hz H-5a); 630 -6.25 (1H, m, H- 1),
5.18-50.9 (1H, s, C_ZPh) 470404 (6H m, H-3"; H-5’ H4’ NH, CHa]a) 242 (]H m,
one of H-2"), 2.02 (1H, m; one of H-2"), 140 (3H, d, 2J=7 Hz, CHsala).

BC-NMR (CDCI;, 75 MHz): & 20.7, 20.8 (CH;ala), 40.4 (C-2°), 50.4 (CHala), 66.0 (C-5%),
67.4 (CH,Ph), 70.6 (C-3"), 85.4, 85.5,85.6,85.8 (C-I°, C-4;), 109.9.(C-5b)-, 111.5 (C-5b),

o~ 5.
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120.2 (‘0’, OPh), 125:4-('p’, OPh), 128.5, 128.6, 129.9. ('m’ OPh, Bn, C-5a), 135.1(’ipso’,
CHoPh) 1378 (C-6),149.8 (C-4) 150.2 ("ipso’, OPK), 161.8 (C-2), 173.6 (COOB).

Synthesis of" (E)~5¥(21Bfombvih'yl)-2’-d'eoxyu-l"idine-S’-[para-ﬂuotophenyl.;(methoxy—v
L-alaninyl)}-phosphate (CPF 5).
C21H2:BrFN;OgP, MW=592.31.

10

15

20

25

i
F O—F—0
NH
Me \
O\"/kCHs ‘OH

o

This was synthesised’ according to Standard_"]_;rocedure 5; using BVdU (200 mg, 0.60
mmol) para- ﬂuorophenyl{meﬁioxy-L-alamny]) phosphoroch]ondate (442'mg; 1.5 mmol),

" NMI (4 98 mmol, 332 pL) in THF (5 mL)" for 2 hrs. The crude product was. purified by

column chromatography, eluting with CH,Cl;/Methanol 97:3 to give the pure. product as a
white foamy solid-(177 mg, yield 50%).

p. NMR (€DCl;, 121 MH2): § 5.10, 4.81. ,

'H-NMR (CDCls; 300 MHz): 8 10.1 (1H, bs, H= 3) 7.60 (TH, 2xs, H-6), 7.39:7. 32°(1H, 24,
>J=14 Hz, H-5b), 7.20-6.95 (4H, m, OPhY, 6.70-6. 60 (1H, 2d, °J=14 Hz, H-52); 6:30-6.15

‘(1H, 2t,%J=6 Hz, H1), 4.55-4.29 (3H, m, H-5"+H:3’ ), 4.15 (1H, NH), 4.05-3.85-(2H, H-4", -

CHala), 3.72'(3H, 25, CH;0), 2.49-2.32 (1H; m, one ofH -2°); 2:45-2.05 (1H, riy, one.of H- -
2’); 135 (3H, 24, 3J—6Hz, CHj o). _ A
BC-NMR (DMSO; 75 MHz) 521.2 (CH; ala) 40. 8 (c -2°), 50.8, 50.6 (CH[CH3]) 532

(CH;0); 66.7, 66.3 (C-57), 719, 71.8 (C-3"), 86.1, 857 858(C1’ C-4"), 110:3 (C-5b),

F11.9 (C-5), 117.0, 116.7 (‘o’, OPk), 122.0 (‘m ', OPA), ]282(C5a) 1382(C6) 149.0
(‘ipso’, OPh) 149.9 (C-4), 158.5 (p', OPk), 163.2(C-2), 1751(COOCH3)
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Synthesis of (E)-5- (Z-Bromovmyl)—2—-deoxyundme~5’ [para-ﬂuoropheny] (ethoxy-L-
alaninyl)]-phosphate (CPF 6). '
CnstBFFN;;OgP;,MW=606.33.

RYSana
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This was syhthesised according to Standard procedure 5, using BVdU (ZQd mg, 0.60
“mmol), para-fluorophenyl-(ethoxy-L-alaninyl)-phosphorochloridate (464 mg; 1.5 mmol),
NMI (4.98 . mmol, 332-uL) in THF (5 mL) for 2 hrs. The crude product was purified by

“column chromatography, eluting with CH;Cl,/Methanol 97:3 to gnve the pure product as a
white foamy solid (240 mg, yleld 66%). B . o

'p -NMR (CDCl3, 121 MHz): § 5.14, 4.88. A

'H-NMR (CDCl3, 300 MHz): § 10.25 (1H, bs, H-3), 7.85 (1H, 2xs, H6) 7.44-7.39 (1H,

24,%J=14 Hz, H:5b), 7:3- 70(4H m, OPh), 6.8-6.65 (1H, 2d; */=14 Hz, H- -53), 6.35-6.25
(1H, 2t,%)=6 Hz, H1%), 4.6-4.1 (6H, m, H-5", H-3’, CHala, NH, CH;CH,0), 4.02 (1H, m,

H-4"), 2.55-2.45 (1H, m; one of H-2"), 2.20-2.10-(1H;m, one of H-2’), 1.40 (3H, , 3J=8 -

Hz, CHy as), 1.25 (3H,2t, =7 Hz, CHCH,0). = -
PC-NMR (CDCl,. 7. MHz): & 14.5 (CHsCH;0) 213 (CHyala), 4038, 40.7 (C-27), 50.8,
50.7 (CHala), 62.3 (CH;CH;0); 66.7,66.3 (C-5°); 71.1, 70.7 (€-37), 86.1, 85.8, 85.6, 85.4

(C-17, C4);110.4(C-5b), 111:9(C-5), 1170(‘0’ OPh),1222(m OFh), 128.9(C-5a), -
138.2 (C-6), 146.4 (“ipso’, OPh), 149.9 (C-4), 1585( 0_),162.2,.161.8 (C-2), 1742 -

(COOCH;CH3).-.

Synthesis of (E)-5-(2-Bromevinyl)-2’- deoxyundme-S’ Ipara fluorophenyl (benzoxy-
L-alaninyl)]- phosphate (CPF 7.
Cz7stBrFN309P MW - =668.40
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This was synthesised according to Standard procedure 5, usingﬂl')BVd.U (200 mg, 0.60
mmol), para-fluorophenyl-(benzyloxy-L-alaninyl)-phosphorochloridate (556 mg, 1.5
mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was
purified by col'u—mn chromatography, eluting with CH,Cl,/Methanol 97:3 to give the pure '
product as a white foamy solid (256 mg, yield64%);

. 3P.NMR (CDCls, 121 MHz): 4.74,4.44. -

10

'H-NMR (CDCls, 300 MHz): & 7.69-(1H, 2xs, H-6), 7.45-7.39 (1H, 2d, *J=14 Hz, H-5b),
7.37-7.00'(9H. m; OPh+CHoPh), 6.75-6.65 (1H, 2d, 3J-14 Hz, H-5a), 6.30:6:2 (1H; 2t,
3J—6Hz H1), 5.2 (1H, 25, .CH,Ph); 4:85:4.00 (6H, m, H- 3 H-5H:4’, NH, CHala), 2.47

" (1H, m; one of H-2), 2.0- 2 15 (1H; m, oneofH 2°), 1.38 (3H, d, >J=7 Hz, CH,ala).

15

20

BCNMR (CDCls, 75 MHz): & 21.2, 21.1 (CHyala), 40.7 (C-2°), 50.4 (CHala), 66.7, 66.4 -
(C-5%), 67:8 (CH,Ph), 71.1, 70.7 (C-3"), 86.0, 85.7, 85.4, 85.3 (C-1°, C-4’), 110.4 (C-5b);

119 (C-5), 117.0 (*0’; OPh), 122.0 (‘m’, OPk), 1287, 128.6 (Bn, C-5a), 135.4("ipso’; - -

CH,Ph) 138.2 (C:6), 146.5 ("ipso’, OPh); 149.9 (C-4), 158.5:()p’ OPh), 162.2 (C-2), 173.9 -
(COOBn). - -

SyntheSIs of: (E)-5- (2 Bromovmyl)—Z’ deoxyurldme-S’ [para mtrophenyl (methoxy-L- R

alaninyl)}-phosphate- (CPF 10)
C21H24BrN4Oy1 P, MW=619. 31
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Js-&as.sy_rﬁhésised;ac,coxding_to_Standdrd;pxaéedu:e_i_uSing—B-\ldU_(.ZOO—mgT—(LG& —_—
mmol), para-nitropheny]-(methoxy-L-a]aniny])—phbsphorochlo'ﬁaate (483 mg, 1.5 mmol),
5 NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was purified by
column chromatography, eluting with CH,Cl,/Methanol 97:3 to give the pure product as a
white.foamy solid' (211 mg, yield 57%). '
3P.NMR (CDCly; 121 MHz): § 4.95. | |
'H-NMR (MeOD; 300»MHz'); 0 8.3-8.2 (2H, m, OPh) 7.8-7:75 (1H, 2xs, H-6), 7.35-7.30, "
10 7.55-7.4 (2H, m, OPF), 7.35-7.30 (1H, 2d,°J=14 Hz, H-5b), 6.80-6.70 (1H; 2d, *J=14 Hz,

- H-5a), 6.30-6.2.(1H, 2t, *J=6 Hz, H1’), 4.5-4:3 (3H, m, H:5’,H:3’), 4.2-4.0 (2H, m; ;{-4’,
CHéla) 3. 72 (3H, 2s; CH;0); 2:35-2.15 (2H, m,.2 H-2°), 1.35 (3H, 221'5Lf=7Hz CHj 5;;)
BCNMR (DMSO 75 MHz):' 6 20. 9 (CH3 ala)y 41:.6, 41, 5 (C-2), 520, 51.9 (CH[CH3]) ..
53.4 (CH;0), 685(C 5%), 724, 723(C3) 877 874 870 869(C1’ C-4%), 109.8 (C-

- 15 5b), 112:8 (C-5),.122:6 (‘o’, OPh), 127.1 (m , O_), 130.8 (C-5a), 140:3- (C-6), 146.5
(ipso’, OPh), 151.4 (C-4),157.2 (.{'p ', OPh); 1639 (C-2), )‘75‘.’8,175‘.5 (COOCH).

Synthesis of (E)-5-(2- Bromovmyl) 2’»deoxyund|ne-5’ lpara-mtrophenyl (ethoxy-L-
alaninyl)}- phosphate (CPF 9.
20 4szstBl’Nq(h!R,,MW‘_;63A3A._34..
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This—was-synthesised-according-to-Standard—procedure-5;-using BVAU-(200-mg, 0.60—
mmol);. para-nitropheny]-(ethoxy-L-alanin}y])-phosr‘)ho-ro‘éhlon'daté} (SQQ_, mg, 1.5 ‘mmol),
5 NMI (4.98 mmol, 332 pL) in THF (5 mL) for 1 hr. The crude product was pﬁn’ﬁed by
column chromatography, eluting with CH,Cl,/Methanol 97:3 to give the pure product as a’
white foamy solid (232 mg, yield: 61%).
*P.NMR (CDCl;, 121 jMHz); 5428,
'H-NMR (CDCls, 300 MHz): $:10.25 (1H, bs, H-3), 8.25-8.2 (2H, 2d, *J=9Hz OPh), 7.7
10 (1H, 2xs, H-6); 7.5-7.45 (2H, 24 , *J=9Hz, OPh), 7.4-7.35 (1H, 2d, >J=14 Hz, H-5b), 6.7- -
6.65 (1H; 2d; >J=14 Hz, H-52), 6.3-6.2 (1H; 21, >J=6 Hz, H1"), 4.8-4.1 (7H, m, H:5, Hw“
H-3°, CHala; NH, CH;C_]i;O) 2.45-2.4(1H, m, one ofH-Z ), 2. 20-2.10°(1H,.m; one ofH-
2°), 1.40 (3H, d,°J=8.Hz, CH, a.a), 1.3 3H, 2t,° =7 Hz, CH;CH;0).
'3c NMR (CDCl;, 75 MHz): § 14.5 (CH;CH,0) 211 (CHsala), 40.6 (C-2%); 50.8, 50.7
.15 (CHali), 62.5 (CH;CH,0), 66.9, 66.8 (C-5’ ), 7.2, 70:9 (C-3"), 86.3, 85.9, 85.4, 85.3 (C-
17, C-4%), 1103 (C-5b), 111.8 (C-5), 1213 (‘Q?‘,',-.O!;h),.l-z_&-l ('m’, OPh), 1288 (C-52), -- |
138.4°(C-6), 145.1 (“ipso’, OPk), 149.9/(C-4), 155.5-(‘p’, OPh), 162.3 (C-2), 1740, 173.9.
(COOCH,CHy). o

20 . o
Synthesns of: (E)—S-(2-Bromovmyl)-2’-dcoxyundme-S‘ [para-mtrophenyl (benzoxy-L-'. .
a]anmyl)] -phosphate (CPF 8)

C27H23BrN,0i P, MW= -695.41 o '
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Fhis-was-synthesised—according—to—Standard-procedure-5-using-BVdt~200-mg; -6:60————— —

mmol), para-nitrophenyl-(benzyloxy-L-alaninyl)-phosphorochloridate (597 mg, 1.5 mmol),
NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was purified by
column chromatography, eluting with-CHzCl;/Methanol 97:3 to give the pure product as a
white foamy solid (228 mg, yield S5%): '

*'P-NMR (CDCl;, 121 MHz): §'4.74, 4.44.

'"H-NMR (CDCl;, 300 MHz): § 10.4-10.3-(1H, bs, H-3), 8.2-8.1 (2H m, OPh), 7.69 (1H,
2xs, H-6), 7.4-7.2 (1H, 2d; /=14 Hz, H:5b), 7.37- 7.00 (7H. m, OPh+CH,Ph), 6:75-6.65
(1H; 2d, *J=14 Hz, H-5a), 6.25-6.15 (1H, 2t, *J=6Hz, H-1°), 5.2 (1H, d, CH,Ph), 4.87 (1H,

m, H:3), 4.6-4.2 (3H, m, H-5*, CHala) 4.2-4.00 (2H, m, H-4!, NH)), 2:55-2.45 (1H, m;

one of H-27), 2:2-2.05 (1H; m, one.of H-2"); 1. 38(3H d, *J=7 Hz, CHala).’
’C-NMR (CDCl;, 75 MHz): § 21:2, 21.1 (CHsala), 40.6 (C-2°); 50.9 (_C_'Hala) 671 67.0
(C-5°), 68.0 (CH2Ph), 71.3, 709 (C-3°), 86.3; 86.0, 85.3; 85.2. (C-1, C-4’), 110:4 (C-5b),
111.9,111.8 (C-5); 121.3 (‘0’, OPk), 126.2-126.1 (‘m’, OPh), 129.1, 128.7, 128:6 (Bn, C-
5), 135.4 ('ipso’, CHaPh), 138.3 (C-6),. 145.1 (ipso’, OPh), 1499(c4) 155.6 (‘p’ OPh),
162.2 (c 2), 173:8, 173 7 (QOOBn)

Synthesns of (E)-S ~(2- bromovmyl) 27- deoxyundme-S’ [para-(tnﬂuoromethyl)-pbenyl—
(methoxy-L-alamnyl)] phosphate (CPF 15)
C22H24BI‘F3N309, MW= 642 31‘. -
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This was synthesised accordmg to Standard procedure 5, using BVdU (200 ‘mg, 0.60
mmol), phenyl (methoxy-L-alaninyl)- phosphorochlondate (518.8 'mg, 1.5 mmol), NMI

i -————————————-—(—246—3—mg,—}0mo}—2391ﬂ:) mJFHF—(SmL)"for4-hrs—'Phemdeproductwas—punﬁed-by—‘——

column chromatography, eluting with chloroform/methanol 97:3 to give the pure product
5 as a white foamy solid (211.1 mg, yield 54.7%).
*'P-NMR (MeOD, 121 MH2): 8 5.23, 5.07. ~
'H-NMR (MeOD, 300 MHz): 6 7.80 (1H, s, H-6),A7_.70'(’.2.H, d, =87 Hz, OPh), 7.47-7.42.
(2H, m, OPh), .37 (1H, d, *J=13.6 Hz, H-5b), 6.82-6.78 (1H, d, *J=13.6 Hz, H-54), 6.30-
6.23 (1H; m, H-1"), 4.52-4.29 (3H, m, H-3°+H-5"), 4.17:4.13 (1H, m; H-4’), 4.05-3.91 -
10 (1H, m, CHCHs), 3.67 (3H; s, OCHj); 2.35-2.32 (14, m; oneofHZ) 2:23-2.16.(1H,.m, . -
- one of H-2"), 1.37-1.34'(3H, d, *J=7.1 Hz, CHCH;).
C:NMR (MeOD; 75 MHz): § 20.6, 207, 20.8, 20.9. (CHg'Hg),Al:s, 41.7:(C=2%), 51..9,5
52.0 (QHC_H‘;),’ 68.2, 68.3 (C-5°), 72.4,.72.5 (C-3°), 871,872, 87.4, 87:6 (C-17, C-4);
109.7 (C-b), 112.6 (C:5),:122.5, 122.7 (‘0’, OPHh), 125:8 (CF, J=269'Hz), 128.7 (‘in’;
15 OPH), 128.8(p’, J=33 Hz, OPA), 130.9'(C:52), 140.3 (C-6), 15¥4, 151:5 (‘ipso’, OPh),
155.1, 155.2(C-4), 164.0'(C-2), 175.6,175.9, (COOCHs). . ~- . -

20 ,
Synthesns of: (E)-S-(Z-bromovmyl)—Z’-deoxyundme~5’ [para-(tnﬂuoromethyl)—phenyl-~- -
_ (ethoxy-L-alaninyl)]- phosphate (CPF 25)
C23H26BI’F3N309P, MW—-656.34 R
25
a
ITpPo KOLKATA 16632815 15: 208 -
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This was. synthesised according to Standard procédufe- 5, using BVdU (200- mg, 0.60

. mmél), phényl-(ethdxy-L-élaniny])-phosﬁhorbchloridat(; (539.5 mg, 1.5 mmol), NMI.

- (246.3 mg, 3.0 mmol, 239 uL) in THF (5 mL) for 20 hrs. The crude product was purified

| 5 by column chromatography, eluting with dichloromethane/methanol 95:5 to. give the pure -
product as a‘white foamy solid (172:6 mg, yield 43.8%).
3P-NMR (CDCL, 121 MHz): § 4.65,4.35. '

~ IH-NMR (CDCls, 300 MHz): & 10:05 (1H, s, H-3), 7.69-7.64 (3H, m, H- 6+OPh), 7.46- -
7.39 (3H; m, OPk+ H-5b), 6:76-6.68 (1H, 2d, >J=13.6 Hz, H-5a), 6.34-6.25 (1H, m, H-1"), ..

10 4.57-4.35 (4H, m, H-3’+H-5>+NH), 4.27-4.13 (4H, m~H-4’+OC&CH;+OH 3),4:12-3.98 -
(1H, m, CHCH,), 2:53-2.47 (1H; m, one of H-27), 2.21-2.12 (1H, m, one of H- 2), 1.43-
1.40 (3H d, =70 Hz, CHCH,), 1.28,1.27 (3H, 2t, >J=7.0 Hz, OCH,CHj) - )
‘?c-NMR (CDCls, 75 MHz): & 14.5 (CH;CH,0),.21.2, 21.3 (CHCH3), 40.7 (c-.z,’)', 50.8,
.50.9 (CHCH3), 62.4:(CH;CH,0), 66.3, 66.7 .(C-5’),_"70;7,'7l.-l; (€-3), 85.3, 85.4, 85:8, 86.1.

15: (C-17, C-4%), 110.5 (C '5b) 112.0(C-5), 1220 (‘'o’, OPh); 124.2 (-C’F;, J=271 Hz); 127.7, °
127: 8 128. 7 ¢('m’, ‘p’, OPh), 128.8 (C- -5a); 138 0°(C6), 149.7 (Vipso’, OPh), 153.2 (C-4), -
161.9 (C-2),.174.0 174.1 (COOCH,CH3).

20 .
Synthesis . . of (E)-S (2-Bromovmyl)-2’ deoxyundme-S’ [para-tnﬂuorophenyl-”~ L
(benzoxy-L-alanmyl)] phosphate (CPF. 4) ' '
CsH33BrF;N;0gP, MW=718.41. - '
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F3C:

o This was synthesised-according to-Standard-procedure-5, using BVAU-(200-mg, 0.60—— — —
mmol), para-tn'ﬂqorophenyl-(benzy]oxy-L-a]aniny])iphbsphorgch]oﬁdate (632 mg, 1.5
5 mmol),. NMI (4.98 mmol, 332 pL) in THF (6 mL) for 2 hrs. The crude product was
purified by column chromatography, eluting with CH,Cl,/Methanol 97:3 to give the. pure-
product as a white foamy solid (308 mg, yield 71%) ‘
3P.NMR (CDCls, 121. MHz): 6 5.31, 4.87. o
'H-NMR (CDCl, 300 MHz): & 10.05 (1H, bs, H-3),-7.7, 7.25 (J1H. m, H-5b; H-6
10 OPh+CH,Ph), 6.75-6.65.(1H, 2d, *J=14 Hz, H-5a), 6.35-6.2 (1H, 2t, J=6Hz; H-1"), 5.15 .
.(lH, 2s, CH,Ph), 4.6-4.25 (4H, m, H-5’, H-3°, CHala) 4.2:4.00 (2H, m, H-4’, NH.); 2.55- -
2.4 (1H; m, onéofH-Z’) 2:2-2.05 (1H,-m, one of H-2), 1.38 (3H, d, 3J=7 Hz, CHjala). '_
BCNMR (CDCl3, 75 MHZ) §21.2,.21.1/(CHala), 40.7 (C-2'), 50.9, 50:8- (CHal4);'67.1, ..
67.0 (C-5%), 680(QH;Ph) 71.2, 709(C3 ), 86:1, 85.8, 85.5, 85.4 (C-1°, C-4), 1102(C-‘ .
15 5b), 111.9, 1118 (C- 5),,.12].1 (‘o’, OPh), 125.1 (d, J= 270Hz, ‘CF3), 127.6 (“‘m’, OPh),
129.1, 128.7, 128.6 (Bn,.C-53), 130.1 (’p"q , J=32Hz; OPh). ,13-5'.4’ (‘ipso’; CH2Ph) 138.2
(C-6), 150.2, 150;15.(4644);_]53.6 (ipso’ OPh), 162.7(C-2), 17'3"9’-]'7'3.‘6 (QOOB‘n):

Synthesns “of . (E)-5-(2-bromovinyl)-2’- deoxyundme-S’ [4 chlorophenyl (methoxy-L-
alaninyl)]-phosphate (CPF 13)
. C21H24B'rCIN309P, Mw=608.76.
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" Synthesis ©oof (E)-S (2= bromovmyl)—Z’ deoxyundme-S’ [4 chlorophenyl (ethoxy-L— A'
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This was synthesised according to Standard proée'dizre'S,i using BVdU (200 mg; 0.60
mmol), 4’-chJoropheny]-(methoxy-L-alaninyl)-phosphoroch]oridate (374:5 mg, 1.2 mmol),

‘NML (246 3 mg, 3.0 mmol, 239 pL) in THF (8. mL) for S hrs. The crude product was
punified. by column chromatography, elutmg with Chloroform/Methanol 97:3 to. grve the

pure product as a white foamy solid (139.0 mg, yield 38.0%). ’
*'P-NMR (CDCl,.121 MHz): & 4.81, 4.54. ,
'H:NMR (CDCl3, 300 MHz) 8 10.11 (1H; bs, H- 3), 7.68.(1H, s, H-6), 7.46-7.40 (1H, d,

prs

3J—136Hz ‘H-5b), 7.35-7:20. (4H, m; OPA), 6.76-6.67 (1H, 2d, 3J—136Hz H:53), 6.34- -

624 (FH; m, H-17), 4.58-4.40 (5H, m, H-3’+H-5’+NH), 4.36-4.19. (1H; m, H-4"), 4.07-

3.99 (1H, m, CHCH3), 3.75.(3H, s, OCHj), 2.49-2.48 (1H; m, one'of H-2’), 2.17-2.15 (1H, , -~

m, one of H-2"), 1.42-1.39(3H; d, 37£7.0 Hz, CHC H;).

C-NMR (CDCl;, 75 MHz): & 212" (CHCH;) 40.7, 40.8. (C-27), 506 50.8 (CHCH3), -
53.2, 53.3 (OCHj), 66.4; 66.7 (C-57); 708, 71.2(C-3’),85.4, 855, 85.8, 86:2 (C-1”, C-4),.

110.5 (C-5b), 1119, 112:0 (C-5); 1220(0 ‘OPh); 1289 (C-5a), 130.3 ('m’, OP), 1311

(‘p’, OPh); 138.2.(C-6), 149.1;, }492(xpso OFA), 149.8(C-4), 162:1, 162.2/(C-2), IT4.5, .
: ]746LC_'OOCH3)

alaninyl)}-phosphate (CPF 11)
sz_Hz(,Bl’NgOgP, ]\'IW—622.79.
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This was synthesised according toStamfard proéedﬁi-é 3, using' BVAU (300 mg, 0.90-
mmol), 4-chlorophenyl-(ethoxy-L-alaninyl)-phosphorochloridate (557.7 mg, 1.71 mmol),

NM1 (22]}7’ mg, 2.7 mmol, 215 uL) in THF (10 mL) for 16 hrs. The crude product was
puﬁﬁed by.column chromatography, eluting with dichloromethane/methonol' 97:3 to give
the pure product as a'white foamy solid (168.4 mg, yield 30.0%).

3p.NMR (CDC];, 121 MHz): § 4.88; 4.65.

'"H-NMR (CDCl, 300. MHz) &9.51 (1H, bs, H-3), 7.69-7.68 (lH 2s, H-6),.7: 49-7.43 (IH :
2d, >J=13.6 Hz, H- -5b), 7. 37-7.22' (4H, m, OPh), 6.79-6.71 (1H; 2d; *13.6: Hz H- 5a)

6.33-6.24. (1H, m, H:1’), 4.62-4.34 (3H; m, H 3’ +H-5) 4.28-3:89. (5H;. m, H- .

L +OC1_¥;CH3+CHCH3+N];1) 2.59-2:45 (1H;,.m, one.of H-2’ ) 2.22-2.14 (1H; m;.one‘of H-

2°), 1.43-1.41 (3H, d, *J=7:0 Hz, CHCH;), 1.33:1.28 (3H; 2t, */~7.2 Hz, OCH'ZCHJ_)

C-NMR (CDCl;, 75'MHz): & 14.5 (CH;CH,0), 21.2, 21.3 (CHEH3), 40.7: (C: 27,507,
50.8 (CHCH), 62.4-(€H;CH;0), 66.7 (C-5'), 70:8, 712(03) 85:4, 85.8, 86:1 (C-17, C-
4), 1104 (C-5b), 112.0 (C-5), 122.0, 122 (‘o"; OPh), 128.9 (C-5a), 130.3 ('m", OPA), .
131.1 (‘p’, OPh), 138.2 (C-6); 1492(1pso OPh), 1500(c-4) 1622 (C-2); 174:1; 1742
(COOCH,CHy).

Synthesns of (E)-S (2 bromovinyl)-2’- deoxyundme-S’ |4 chlorophenyl (benzoxy—L-

alaninyl)}-phosphate (CPF 12).
szHnBl‘N;;QgP, MW=622.79. :
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ﬁis was synthesised according to Standard procedure 5, using BVdU (300 mg, 0.90
. mmol), 4-chlorophenyl-(benzoxy-L-alaninyl)-phosphorochloridate (698.7 mg, 1.80 mmol),
5 NMI (369.5.mg; 4.5 mmol, 358.7 puL) in THF (10 mL) for 2 hrs. The crude product was
purified by column chromatography, eluting with dlchloromethane/methanol 95:5 to give.
the pure product.as a white foamy solid (310.0 mg, yield 50.3%).
*'P-NMR (€DCls,.121-MHz): § 4.81, 4.53.

- 'H-NMR (CDCl;, 300 MHz): & 10.10 (1H, bs, H- -3), 7.65-7.63 (]H 2s, H-6),. 7.69-7.68

10 (1H, 2s, H-6), 7.46, 7.41 (IH, 2d, *J=13.6 Hz, H-5b), 7:40-7.17 (9H, m, OPh) 6.75-6.66
((1H; 2d, 3J=13.6 Hz, H-53), 6.33-6.23 (IH, 2t, *J=6:0 Hz, H-1), 5117 (2H, s, CHyPh);"
4.60-4:23 (4H, m; H-3"+H-5"+NH), 4.20-3.97 (2H, m; H:4'+ CHCH;), 2.48-2.44:(1H, m,.
oneofHZ) 2.15-2.05 (1H, mi, one of H-2°), 1.43-1.40 (3H; d, *J=7.0- Hz, CHCH}).

C-NMR (CDCl;, 75 MHz): § 21.2. (CHCH3), 40.7 (C-2’), 50.8, 50.9 (CHCH3), 66.6 (C-

15 5%, 67.9 (CHsPh), 70.7, 71.1 (C-3"), 85.4, 85.5, 85.8, 86.1 (C-17,.C-4?), 1105 (C-5b),.
111.9; 112.0:(C-5), 122.0, (‘o", OPh), 1287, 129, 0, 129:1,130:3 ('m’, OPh+C-5a), 131.1 .
(‘ipso’, CHa2Ph), 135.4('p, OPh), 1382(C 6) 1491(1])30  OPh); 150:0.(C-4), 162.1 (C-
2),173.9, 174; O(COOCHzph)

20
Sy““‘“is' ~of - *(E)-5-(2-bromovinyl)-2’-deoxyuridine:5’-[phenyl-(methoxy-a,a-
dimethylglycinyl)]-phosphate (CPF26). - - - ‘
C22H27BrN;OQqP, MW 588.34°

oA i.—' R I
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This was synthesised according to Standard proceaiuré 5, ‘using BVdU (200 mg, 0.60
mmol), phenyl-(methyl-2-amino-2-methylpropanoate)-phosphorochloridate (437.5-mg, 1.5
mmol), NMI (246.3 mg, 3.0 mmol, 239.1 pL) in THF (5 mL) for. 4 hrs. The crude product
was purified. by column chromatography, eluting with o}ﬂorofomdmethanol 97:3 to give

the pure product as a.white- foamy solid (1 17 mg, )neld 33.1%).

YP-NMR (CDCl3, 121 MHz): § 3.36,3.14 .

'H-NMR (CDCl;; 300 MHz): § 9.91 (1H, bs, H-3), 7.73,7.65 (1H, 2s, H:6), 7.5'0r7l43‘(.1.H, .
2d, *J=13:6 Hz, H-5b), 7.41-7.02 (SH, m, OPh), 6.81-6.71 (1H, 2d, >/<13.6 Hz, H-5a),
6.34-6.28 (1H, m, H];) 4.55-4.17 (6H,.m; H-5'+H-4’+H-3", NH, OH-3"),.3.78 (3H, s,
CH;0), 2.53-2.39 (1H, m, one of H-2"), 2.25-1.99 (1H, m, one ofH2) 1.60 (6H,s,
(CH;];C). , , : .

BC-NMR (CDC13;‘75. MHz): §27.5; 27.4, 27.2.([CH3) 5C), 40.7, 40.6 (C- 2%),.53.5(CH;0);
57.6 (C[CH3}o), 66.5, 662(C5) 70.7, T1.1:(C-3)), 85.4, 85.6, 85.5, 85.9 (C-17, C-4"),

1104 (€-5b),.111.9 (C-5), 120.5, 120:6 (‘0’, OPh), 125.7 (‘p’, OPh), 128.9 (C-52), 130:3

(‘'m’, OPA), 138.0, 138.3 (C-6); 149.8 (‘ipso , OPA) 1509, 1508(C—4) 162:0, 162.1 (C-2),
176.4, 176.2 (COOCH). |

Syntheéﬂisu- . of’ (E)-5-(2-bromovinyl)-2’- deoxyundme-S’ [phenyl (ethoxy—a,a-_.. o

dimethylglycinyl)]-phosphate. (CPF 27) ‘ '
CHpBrN;OsP, MW=60237 e B
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This was synthosised according to Standard procedure 5, using BVdU '(200" mg, 0.60
mmol), phenyl-(ethyl-2-amino-2-methylpropanoate)-phosphorochloridate (458.0 mg, 1.5
mmol), NMI (246.3 mg, 3.0 mmol, 239.1 pL) in THF (5 mL) for 5 hrs. The crude product

was purified by column chromatography, elutmg with chloroform/methanol 97:3 to give

the pure product as a white foamy solid (1.06‘ mg, yield 29.3%).

. 3'P.NMR (MeOD, 12} MHz): & 3.91, 3.85

10

15

20

'H-NMR (MeOD, 300 MHz): 3 7.84, 7.81 (1H, 25, H-6), 7.44-7:20 (6H; m, OPA+H-5b),

6:88-6.81'(1H; 2d, *#=13.6 Hz, H-5a); 6.34-6.28 (1H, m, H:1"); 4:50-4:34 (3H, m, H:S+H- + -
3%}, 423:4:15-(3H, m, H-4'+CH;CH,0), 2.38-2.28 (1H, m, one of H-27), 2.22- 20911, m, - -

one of H-2"); 1.51 (6H, s, [CH;},C), 1.29-(3H, t, =7 Hz, CH;CH,0)

BE-NMR (MeOD, 75 MHz): &' 14.9 (CH;CH,0) 27.9, 28.3 ([CH;);C), 41.5 (C- 27), s8. 51 o

(CICHsh), 63.1 (CHiCH;0), 68.2 (C-5'); 72.6 (C-3"), 871, 874 (G-, C4?), 109.6.(C-
Sb), 112.7:(C-5b), 122.0, 122.1, 122.2,"(*0’, OPK), 126.7-(‘p’, OPK), 131.0, 131.2 (C-5a,
'm’ OPH), 1404 (C-6); 1514 (iipso’, OPh) 1525 (C-4), 1640 (C-2), 1772
(COOCH,CHy). . - " ‘ N

Synthesis. . of - (E)-5-(2- bromovmyl)—Z’-deoxyundme-S’ lphenyl (benzoxy-a O o

dlmethylglycmyl)] phosphate (CPF 14).
C23H3]BI'N309P, MW=664.44..
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This was synthesised according to Siq'niiar}i procédx}r'e_ 5, 'ﬁsiﬁg BVdU (242 'mg, 0.73
mmol), pheny’l"-(benzy'l-2'-amino-2‘-meth.y]pr_op’an6éte)-phosphoro'chloh’date (533.0 mg, 2.0

e

mmol), NMI (298.0 mg, 3.63 mmol, 289 pL)in THF (5 mL) for 4 hrs. The crude product
was purified by column chromatography, eluting with chloroform/methanol 97:3 to give
5 the pure product as a white foamy solid (129 0 mg, yield 26. 7%)
3'PNMR (CDCls, 121 MHz): $3.39, 3.12.
'"H-NMR (CDCl;, 300 MHz): §:9.92 (1H; bs, H-3), 7.67-7.60 (]H 25 H- -6),7.48-7.41 (1H,
2d; =136 Hz, H-5b), 7.40-7.16 (10H. m, OPh+CH,Pk), 6.78-6.67-(1H, 2d, %J=13.6 Hz, ..
H-5a), 6.31-6.25-(1H, m; H-1"), 5.18 (1H, s, CH;Ph), 4.50:4.09 (6H, m, H-3"+H:-5"+H-4", _ .-
10 NH, :OH-3~’), 2.48-2.25 (1H, m,fone:of H-27),.2.16-1.82 (1H, m, one of H-l2’), 1.60°(6H, s,
©[CHA0) o | |
BC-NMR (CDCls,. 75'M-1§£)-' § 27.3,27.4, 28.5 ([CH3),C), 40:6, 40.7 (C-2°), 57.6, 57.6
- (CICHs}), 66.2, 66.5 (C-57), 68.1- (CH,Ph); 70.6, 71.1 (C-3°), 85.4, 85.5, 85.6, 85.8 (C-1°,
C-4%), 110.4 (C-5b), 112.0 (C-5), 120.4;.120.5, 1206, 125.7, 128:4, 128.5,.128.8, 128.9,
15 1303 (OPh, C-5a), 135.7(’ipso’, CH,Ph) 138.1, ]383 (- 6), 149.8, 1508, 150.9 ("ipso’
OPh, C-4), 162.1 (C-2), 177.5,175: 7(COOCH2Ph)

20°. Synthesis: of (E)-5~(2 bromovmyl)—Z’-dcoxyundme—S’ [4 mtrophenyl (methoxy -0L,Q- -

dimethylglycinyl))- phosphate (CPF 45)
CA22H25BI’N4O|)P, MW 633.34. L. v

KOLKAT A 16@32@15 1520
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This was synthesised according. to.Standard }Jrocédure 3, using BVdU (150 mg, 0.45

mmol), 4-nitrophenyl-(methyl-2-amino-2-methylpropanoate)-phosphorochloridate (378.8

5 fng, 1.13 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 pL) in THF '(5 mL).for 3 hrs. The

" crude product . was punfied by column chromatogfaphy, eluting-- with

'dxchloromethane/methanol 97:3 to give the pure product as a-white foamy solid (145.7 m 2,
yield 50.9 %). '

*'P-NMR: (MeOD, 121 MHz): § 3.61, 3.56.

10 'H-NMR-(MeOD, 300 MHz): & 8.:30-8.25 (2H 2d,7.J=9.0 Hz, OPh), 7.79-7.78.(1H, 2s, H- -.
~ 6), 749-T.46 (2H, d, *J=9.0-Hz, OPh), 7.37-7.32 (1H; 24, *J=13.6 Hz, H-5b); 6.79:6.72
o  (1H,2d,%/13.6 Hz, H-52), 6.32:6.25 (1, m, H-1"), 4.48.4.35 (3H, m, H-3+H-5"), 4.15-
’ 7 414 (IH,m; H4'), 3.71 (3H, 5, CH;0), 2:41-2.17 (2H, m, H-2?), 1:51 (6H; s, [CH;)>C).
SC-NMR (CDCls, 75 MHz): 8 28.0, 28.1, 282, 28.3 ([CH|5C), 41.4, 415 (C-2°); 53.6
15 (CH;0),.58.7 (CICHs}y), 68.5 (C-5), 72.3,,72.4/(C-3"), 86.9, 87.0, 87.4,.87.5(C-1?, C- 4y,
109.7 (C-5b), 112:6 (C-5); 122.8, 122.9 (‘0’, OPh); 127.0 (‘m’, OPK), 130:9 (C-5a), 140.5
(C-6), 146.5('p’ OPh), I51.5 (‘ipso ', OPk), 157.3 (C-4), 164.0 (C-2), 177:5 (COOCHy).

20

Synthesis of: (E)—S -(2: bromovmyl) 2’- deoxyurldme-s’ [4-m(rophenyl-(ethoxy—a a-
dlmethylglycmyl)] phosphate (CPF 46) ‘ '
25 C23H23BI'N40"P MW= 647 3.

g o TG E;j:"‘:c"i
Ton KOGLEATA 16032615 152U
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 045"

mmol), 4-nitrophenyl-(ethyl-2-amino-2-methylpropanoate)-phosphorochloridate  (442.1
mg, 1.26 mmol), NMI (184.7 mg, 2.25 mmol, 179:4. pL) in THF (S mL) for 4 hrs. The

" crude - product was purified by column chromatography, eluting with

10

dichloromethane/methanol 97:3 to give thepure product as a white foamy solid (152.9 mg, .

yield 52.5 %). -

Y'P.NMR: (CDCl;, 121 MHz): & 3.00, 2.96..

'H:NMR: (CDCl, 300 MHz): & 10.28:(1H, bs; H- 3), 825.-8.12 (@H,:2d, *J=9.0 Hz, o_) o
7.68-7.67 (1H; 25, H-6), 7.46-7.32 (3H, m, OPA+H-5b), 6.69-6.67 (1H, 2d,2J=13.5Hz, H-*

.. 52), 6.32-6.26 (1H, m, H-1), 4.75-4.36 (SH, m, H-3"+H:5"+OH-3+NH), 4.25-4.17 (3H,
Cm, OC&CH;,H4),260298 (1H, m, one of H+2"), 2:31-2.10 (1H; m, one of H-2"), 158

15

20

25

(6H, 5, (CH3):C), 130-1.283H, 2t, 3 J=7:1 Hz, OCH,CH,).

BC-NMR:(CDCl, 75 M}-lz) 8 14.5 (CH3CH,0), 271, 27:2, 27.3, 27.4 ([CH3),C), 40:6 (C- -

2'), 57.7 (€[€Hs}), 627 (CH3CH,0), 67.0(C-5"), 71:0, 712 (€-3’), 85.4, 85.9, 86:1 (C-

17, €47, 1103 (C-5b), 111.9 (C-5), 121:2,121 3 (' "OPh) 1262 (‘m’, OPh); 128.8 (C-

5a), 1384 (C-6), 145.0 ((p', OFh), 1500(0-4) 1557 1559(1pso OPk), 162.2 (C-2),
175.0-175.1: (COOCHZCHg)

Synthesis:’ of (E)-S-(Z bromovmyl)—Z’ deoxyundme—S’ [4- mtrophenyl (benzoxy-a,a-* ]

dlmethylglycmyl)] phosphate (CPF47)..
Cst:;oBl‘NquP, MW=709.44 . .

R
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o _— _This was synthesised- aﬁcordfng;-t&'Sldndiz}d;ﬁroeedure.—'%—&ﬁﬁg—ﬂ'\fdb‘ (Tﬁ@‘m’g,—ﬁﬂ_“——
mmol), 4-nitrophenyl‘-(benzyl-2-amino-‘2-methy]propanoate)-ﬁhdsphdroch]'oﬁdz;te4 (309.6
mg, 1.07 mmol), NMI (123.7 mg, 1.5 mmol, 120.1 uL) in THF (5 th) for 5 hirs. The crude

' 5 product was punified by column chromatography, eluting with dichloromethane/methanol
97:3 to give thepure product as a white foamy solid (160.2 mg; yield.50.2 %).

*'P-NMR (CDCl;, 121 MHz): § 2.95, 2.89.
"H-NMR (CDCl3, 300 MHz):.5 10.16 (1H,bs; H-3), 8.26-8.24- (2H, 2d; *J=9.1 Hz, OPh
7.71-7.69 (IH, 2s; H-6), 7.48-7.37. (8H, 'm, OPh+CH,PH, H-5b), 6.75-6.72" (18, 24,
10 3J—13 5 Hz, H-5a), 6.36-6.29 (1H, m, H:1"), 5.24- (2H, s, CI;]zPh) 4.81-4:40 (SH m, H-
3"+H-5’+0OH-3", NH), 4.22-4.21 (lH m, H-4%), 2.57-2.36 (1H, m, oneofH 2),.2.27-2.22 .
(1B, m; onleH -2°), 1.64 (61, s; [C]_J;]2C) 4
C-NMR (CDC];, 75 MHz): §27.4 ([CH3)0), ;10‘6' (C 2’), 57.8. @CH;];) 67 0 (C-5"),
68.2 (CH,Ph), 71.1, 71. 2(C3) 85.3,.86.2 (C-1’, C-4) 110.5(C-5b),.111° .9 (C-5), 121.2,
1S 126.2,. 128.5, 128.8,°129.0, 1291 (‘o’,-‘m’, » P, CHPh+OPE+C- 5a)," 135.5- (‘ipso’,

CHaPh), (C-5a), 138.4 (C=6), 145.0 (}p', OPh), 150.0 (c -4), 155.7 (‘ipso’, OPF), 162.2 (C-
2),175.4-175.5 (COOCH;Ph).

20"
Synthesns of (E)-5-(2- bromovmyl) 2°- deoxyundme—S’ l4 chlorophcnyl (methoxy-a - o

dxmethylglycmyl)] phosphate (CPF 42).
CnHzGBrC'N:;OgP, MW—-622.79:. .

25

Pt
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This was synthesised acco_rdi’ngu to Standard procedure 5, using' BVdU- (150 mg, 0.45
mmol), 4-chloropheny]-(meth_yl-2-aminQ-Z-me;hylpropanoate)-phosphoroch]on’date (440.2
5 mg, 1.35 mmol), NMI'(184.7 mg, 2.25 mmo.l,A 179.4 pL) in THF (5 mL) for 6 hrs. The
crude product - was puﬁﬁed by column chromatography, eluting with
dichlorometh'ane/methqnol 97:3 to give the pure product as a-white.foamy solid (146.7 mg,
yield 56.5 %).
3'P.NMR (MeOD; 121 MHz): 8 3.98 (s).
10 'H-NMR (MeOD; 300 MHz): §),.7,71-7.69 (1H; 2s; H-6); 7.31-7.13 (5H, m, OPh+H 5b)-
673 -6.66 (1H, 2d; */=13.6 Hz, H- Sa) .6.23- 616(1H m, H-17); 439422(3H m, H-3’+H- -
5) 4.05-4:.03 (lH m,; H-4"); 3.61 (3H,.s, CI_1;O),229 2:19 (IH m; one. of H-2’ ), 2.15-
2.05 (1H,.m;.one of H-2"), 1.38 (6H, s, [CH3] 20):
C-NMR. (CDCl;; 75 MHz): & 28.0, 282, 28.3; 28. 4-([CH3),C), 41.5, 41 .6-(C-22); 53.5,
15: 53.6 (CH;0);, 58:6-(C[CH3}2), 68.2 (C- 57); 724, 72.5 (C 3%), 87.1, 87:2, 87.3, 87:4.(C-1’,
C4’), 109:7 (C- 5b) 112.7 (C-5); 123.7,.123. 8( OPh) 130:9;, 131.1- ('m’ OPh+C -5a), -
131:9-(‘p’,. OPh), 140.4 (C-6),.151.1, 151 2,.151.4-(Vipso’, OPh+C 4); 164.0.(C-2);.177.6,
1777 (QOOCH;) '

20
Synthesis - of (E)-5-(2-bromovinyl)-2’- deoxyurndme-S’ [4 chlorophenyl (ethoxy-a a-
dimethylglycinyl)]-phosphate (CPF. 43) ‘
C;H;BrCIN;OsP, MW=636.81."-

25
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This was. synthesised Aaccording tQiStahdar‘d' proéedu}e 5, using BVdU (150 mg; 0.45

10

15

20

25

TP RO K

mmol), 4‘-ch]orophenyl-(elhyl’—Z;amino-Z-fﬂéthylpropahoate)-phbsphbrochlorid'ate‘ (413.3 .
mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol; 179.3 pL) in THF (5 mL)—: for 16 hrs. The V.
cfude product  was puriﬁ_ed- by column chromatograpﬁy, eluting * with
dichloromethane/methanol 97:3 to give-the pure product as a. white foamy solid (74 mg,
yield 25.8 %).

*IP-NMR (CDCls, 121 MHz): § 3.47, 333,

'H-NMR (CDC];, 300 MHz): 8 10.03-9.99 (1H, 2bs, H-3),.7.70-7.67 (1H;. 2s, H-6), 7.47-
7.43 (1H, 24, >J=13.6 Hz, H- 5b), 7.35-7.20: (4H, m, OPA), 6.77-6.68 (1H; 2d, *J<13.6 Hz,

H-5a), 6:33-6.27 (1H, m, H-1"),-4.55-4:29(SH, . m, H:3’+H:5'+ OH-3"+NH), 4.22-4.17-"°
((2H; q, *J=7.1 Hz, OCH,CHytH-4%),/2.53:2.42- (1H; m, one-of H-2°), 2.22:2.08 (1H, m; -

one of H-2’), 1.57-1.54 (6H, 2s, [CH3},C), 1:31-1.30 (3H; 21, *J=7.1 Hz, OCH,CHj).

PC-NMR: (CDCls; 75 MHz): § 14.5 (CH3CH;0), 27.2, 27:3, 27.4 ([€H;],C), 40.7 (C27),
'57.6 (CICH3}), 62.6 (CH3CH0); 66.5; 66.6 (C-5"),.70:8, 71.1:(C-3?), 85.5, 8574, 86.0

(C-1°, C-4); 110.4 (C-5b), 112.0(C-5), 121.9; 122.0, 122.1 (‘0 OPH); 128.9, 130.2 (m’,
OPh+C-52), 130.9/('p’, OPH),138.3 (C- 6) 149:4.('ipso,. OPh), 149:9 (C-4), 162:1,162.2
(€:2), 175.7-175:9 (COOCH;CH;). '

Synthesis- of (E)-S (2= bromovmyl) 2’-deoxyundme-5’ -[4- chlorophenyl (benzoxy-a,a-
dimethylglycinyl)]- phosphate (CPF 44) '
CanoBrClN;;OgP MW 698 88

—— £. 26
ATA 160632015 15200
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This was synthesised accordmg to Standard procedure’ S, ~using BVdU (150 mg, 0.45

10

15

20

25

‘mmol); 4_chlo;ophenyl-(benz~yl-2—amme-2 methy]propmoate)—phosp}mrm:hlm‘dar— (5‘05‘0‘“—

mg, 1.25 mmol), NMI (184.7 mg, 2.25 mmo] 179.3 uL) in THF (5 mL) for 16 hrs.- The

crude product was

punﬁed by column

chromatography, . eluting thh
dichloromethane/methanol 97:3 to give the pure product as a white foamy: solid (134.8 mg,
yield: 42.9%). N _

*'P-NMR (CDCl;, 121 MHz): § 3.44, 3.26. _

'H-NMR‘ (CDC];, 300 MHz): 8 9.96-9.93 (1H, 2bs, H-3), 7.66-7.65 (1H, 2s, H-6), 7:47--

7.41 (1H, 24, *J=13.5, H-5b), 7.39-7.18 (9H, m, OPAk+CH,Ph) 6.74- -6.69 (1H, 2d, *~13.5

Hz, H-5a); 631-6.25 (1H; m; H-1"), 5.19 (2H, CH;Ph), 4.51-4.20 (4H, m, H-3+H- -
5'+NH); 4.15-4.12 (2H; m, H:4’+OH-3"), 2.48- 240(1H m; oneofHZ),2]8205(1Hi -

m, one of H-2*), 1.60-1.59 (6H; 25, [CHj] ,C).

" BC-NMR (€DCl,, 75 MHz): § 27.1, 275 ([CH;]ZC) 40.7 (C-2%), 57. 7 (C[CH3)y), 66.4,

66:6 (C-5), 68.2/(CH,Ph), 707, 71.1(C-3"), 85.4;85.5, 85.7, 860(C 1’, C-47),110.5 (C-
5b), 112.0 (C-5), 121.9, 122.0; 128.4; 128.5, 1289, 129.1 (‘o' ‘m
5a); 131.0.(‘ipso’, CH,Ph), 135:6.( ', OFh), 133.1 (C+6), ]493(1pso OPk), 149.8 (C-
4), 162.1°(C-2), 175.6 (COOCH;Ph).

Synthesis of: (E)-5-(2- bromovmyl)—Z’ deoxyundme—S’ [para-(tnﬂuoromelhyl) phenyl- SE
- (benzoxy-a,u-dimethylglycinyl)}: phosphate (CPF 48)

C29H30BI‘F3N309P MW—-732 44
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This was syhthesised according to Standard_“'p}rocediz're' 5, using BVdU (150 rhg, 0.45

mmol); NtnﬂuDTﬁm?mWrWF(bénzyi-z-ammo-z-methylpropanoate')-' T
phosphorochloridate (529.4.5 mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 uL) in
5 THF (5 mL)for 4 hrs. The crude product was purified by column chromategraphy, eluting
with‘ dichloromethane/methanol 97:3 to give the pure product as a white foamy solid -
. (142.1 mg, yield 43.1%). " ' ’
'P-NMR (CDCls, 121 MHz): § 3.16, 3.01.
lH.;NMR (CDCl3, 300 MHz): 8 10:06-10.02 (1H, 2bs, H-3), 7.67-7.66 (1H, s, H-6), 7.64-
10 7.60 (2H, 2d,*J=8.8 Hz, OPh), 7.46-7.32 (8H, m, OPh+ CH,Ph +H-5b), 6.77-6.68: (1H,
2d, *F=13. 6Hz' H-5a), 6.31-6.26 (1H; m, H-1°), 5.18 (2H, s; CH;Ph); 4.61 -4.32 (4H, m, H-
3’+H-5’+NH); 4.16-4.15 (2H, m, H- 4+OH3) .2.48- 241 (lH m, oneofH2) -2.23- 209
'(1HmoneofH2)I60]58(6H 25, C[CH;))) s T
“C-NMR (CDCl;, 75 MHz): & 27. 0, 27.4, 27.5 (C[CHs)), 40.6 (C-2’ ), 57.7, 578
15 (C[CHj3)p), 66.8, 66.5 (C-5),-68.2 (CH,Ph), 70.8, 71.1 (C-3°), 85.4, 85.7, 86.0 (C-1’, C4’ ),_
110.4 (C-5b); 111.9 (C-5), 120.8, 120.9, 121.0, 127.6, 127.7; 128.0, 128.5, 128.8; 129.0
(‘o’, 'm’, ‘p’, OPh+ CHyPh+ C-5a),.124.2 (CFs, J=267 Hz), 135.6 (’ipso-, CH,Ph), 138.2
(C-6); 149.9-(C-4), 153.3 (’ipso’, OI’_h),~162'. 1.(C-2),175.4 (QOO_CH'zPh);

20  Synthesis- ... of . (E)—S (2-Bromovmyl)-2’—deoxyundme-S’ [phenyl (methoxy-a,a--
cycloleucmyl)] phosphate: (CPF 16)
Cz4szBl‘N309P MW—6_]4 38 .
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Tahis-—was—synthesiseééaecordi»ng—te-&dh'dé?d—pfééedu»ré—.f;—&sirig;B\ldQ (256-m g095— —

mmol), Pheny]'—(methoxy-a‘,a-cycloleucinyl)-phosphdroc}ﬂ'oridalé (’589'm:g“, 1.87 mmol),
NMI (6.2 'mm'ol, 415 pL) in THF (7 mL) for 3 hrs. Thé crude product was punfied by
column chromafography, eluting with CH,Cl,/Methanol 97:3 to give the pure product as a
white foamy. solid (234 mg, yield.51%). ' ' '
3'P.NMR (CDCl;, 121 MHz): § 3.87, 3.82.

'H-NMR (€DCl;;.300 MHz):'8 10.35-10.2 (1H,.bs, H-3), 7.65 (1H, 2xs, H=6), 7:44-7.39.

(1H; 2d, /=13 Hz, H-5b), 7.37-7.15 (SH, m, OPh), 6.8 (1H, 2d; J=13'Hz, H-52), 630 -

(1H; 2t, 3J=6 Hz, HI"); 4.4-4:2 (4H; m; H-57;"H-3’, NH), 4.1 (1H; H-4"), 3.72 (H, 2s, " ..
CH;0), 2.49-2.40(1H; m; one- of H-2"),.2.35-2.01 (5H, m, one of H:2’+4H. cyclopentane)» L
1.8:1.6 (4H, m, 4H cyclopentane) ~ ' ‘ : - -

Be: NMR (DMSO 75 MHz): 5 24.4; 24,3, 242 (2CH2 cyclopent) 39.2, 38.6, 38.5 (2CH2,_
cyclopent), 40.0-(C-2’), 53.2 (CH;0), 66.4 (__q;cyclopemane), 66.6 (C-57), 70:9-(C-3%),

858, 85.6, 85.4; 853 (C-1’, C-4’), 110.2 (C-5b), 111.9 (€5), 120.7-120:6<(‘o0", OPh); -

125.7 (‘p’, OPh), 129.0 (C-5a), 130.2 ('m’, OPh); 138:5(C-6), 149:9-(C-4), 150.9, 150.8
('ipso’, OPh), 162.3(C-2), 176.3; 176.2 (COOCH3). -

Synthesis of" (E)-5- (2-Bromovmyl)-2’ deoxyundme-S’ [phenyl (ethoxy—a,a— ‘

cycloleucinyl)]- phosphate(CPF 17)
C25H3]>BFN309P, MW—628.41 . -
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This was synthesised according to. Standard- procedure 5, using BVAU (250 mg, 0.75
mmol), Phenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (642 mg, 1.87 mmol),

'NMI (6.2 mmol, 415 pL) in THF (7 mL) for. 2 hrs. The crude.product was punfied by

column:chromatography, eluting with CH;Clz/Methanol 97:3 to -give the pure product asa -

 white foamy solid (258 mg, yield 55%).

10-

15

20

25

P-NMR (CDCl3, 121 MHz): § 4.23, 4.1 ,

"H-NMR (CDCl;, 300 MHz): & 10:3-10.1 (1H, bs, H-3), 7:8-7.75 (1H, 2xs, H-6), 7:51 (1H;
2d, *J=14 Hz, H-5b); 7.45-7.10 (5H; m; OPh); 6.8.(1H; 2d, >/=14. Hz, H:5a); 6.22. (1H; 2,

J=4 Hz, H1), 4.55-4: 05 (7H, 1, H:57, H-3”, H-4", NH; CH;CH;0); 2.50:2.40 (1H, m; one:
of H-27), 2.35-1.95" (SH m, one of H:2’+4H. cyclopentane); 1.95:1.75.-(4H, m 4H
cyclopentane), 1:25 (3H, 2t, *7=7 Hz, CH;CH,0).

C-NMR (CDCl3, 75 MHz): § 14.5. (CH;CH,0), 24.5, 24,4 (2CH; cyclopent), 39.2, 38.9
38.8, 38.4 (2CH, cyclopent),.40:6 (€-27);.62:2, 621 (CH;CH;0), 662 (Cg.cyclopentane);
66.6.(C-5°), 70.8 (C-3’); 85:7, 85.5(C-17,. €-4), 110.2 (C:5b), 115 (C-5); 120:7, 120.6
(‘0’, OPh), 125.6 (‘p’, OPh),129.7 (C-5a), 1302( ’, OPh); 138.5, 138.3 (€-6), T49.7(C:
4),.150.9, 150:8 (ipso’, OPk), 1623 (c 2) ]763(§OOCH2CH3)

Synthesis.- - of. - (E):5-(2: Bromovmyl)—z’ deoxyundme-S’ lphenyl (benzoxy-a @

cycloleucinyl)]-phosphate (CPF 18)
C30H33BrN309P MW—690 48.

i
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This was synthesised according to. Standard procedure 5, using BVdU' (200 mé; 0.6

‘mmol), Phenyl-(benzyloxy-a,a-cycloleucinyl)-phosphorochloridate (589 mg, .1.5 mmol),

NMI (4.98 mmol, 332 pL) in THF (5 mL) for 10 hrs. The crude product was purified by
column thromatography, eluting with Gﬁ.zClglMetha_nol 97:3 to give t.he pure product as. a.
white foamy solid.(127 mg, yield 31%).

*'P-NMR (CDCls, 121 MHz): $ 4.11, 4.01.

"H-NMR (CDCl;, 300 MHz): 8 10.2 (1H, bs, H-3), 7.8-7:6 (1H, 2xs, H:6), 7.45-7.4- (1H,

2d; *J=14 Hz; H-5b), 7.40-7.10 (10H: ‘m; OPk+CH,Ph), 6.85-(1H; 24, *J=14 Hz, H-5a),.
6:20 (1H, m, H-1"), 5.1'5-(1H,.s, CH;Ph), 4:4-4'.—27(3]{, m, H=37,H-4’, NH), 4.1 2H, m; H-"" -
5’), 2.45-2.35(1H, m,. one of:H-2’), 2".35i1'-._9'5‘ (SH‘; m,_ one: of H-2+4H. cyclopentane);
1.95-1.75 (4H, m, 4H" cyclopentane). ‘

'3C -NMR (CDCl;, 75 MHz): & 244 .24;3; 24 2 (2CH2 cyclopent) 39.9, 39.7 38 6,385
(2CH, cyclopent—), 40.5 (C<27), 662 (;g_cyclopen}ape_)? 66.5 (nC.—S‘..),: 67.8 (_C_'Hzl?h),_"l(),S,
70.7 (C-37), 85.7, 85.6, 85.5, 85.4" (C-17, C-4), 1-1’02 (C-5b), 1'1:1:8, 118.7 (C-Sb); 1207,
120.5.(‘o’, OPh), 125.7 (‘p’ » OPh), 130:2, ]290 12838, 1287, 1285 ( "OPh, Bn;.C-5a), -

135.8(ipso; CH,Ph); 1384 1382(C-6) 1498(C-4) 1509 ]508(1pso OPh), 162. 2.
20-.

(C-2),175.75 175.5 (COOB).

Synthesxs of (E)-5-(2-Bromovinyl)-2’- deoxyundme-S’ Ipara-mtrophenyl (methoxy- '
,a-cycloleucmyl)] phosphate. (CPF 19). . o
C24H23BrN40nP M\V 659.38
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This was. synthesised according to Standard procedure 5, ising BVdU (200 mg, 0.60"
mmo}); para-njtrophenyl-(methOxy-a-a-cyc]oleucinyl)-phosphorochloridate (543 mg, 1.5
mmol), NMI (4.98 mmol, 332 pL)-in THF (5 mL) for 2 hrs. The crude product was
punfied by: column chromatography, eluting with: CH;C];/Mcthano] 97:3 to give:the pure;
product as a white foamy solid (239 mg; yield. 60%).

3'P_NMR (CDCL, 121 MHz): 8 3.73. A

'H-NMR (CDCls; 300 MHz): § 10.5-10.2 (1H, bs, H-3), 8.35-8.25 (2H, 2d, *J=6 Hz OFh)- "
7.8-7.75 (1H, 2xs, H-6), 7.47 (2H ,2d, J=6.Hz , OPh), 7.45-7.35-(1H; 2d, *J=14 Hz, H:5b),
6.75-6.67 (1H, 2d, >J=14 Hz; H:5a); 6.30-(1H, 2t, *J=6 Hz, H1’); 4:65-4.4'(3H, m. H-5’ H-
3”),'4'.25-4.20-(]H m, H-4’), 3.79 (3H, 5, 'CH;0), 2”6—2"4 t].H: m, one of H-2’), 2.3-1.98 -
(5H, m; one of H-2’+4H cyclopentane), 1.9-1.76 (4H m,; 4H° cyclopentane)

BC.NMR (CDCl3;. 75 MHz) 5244, 24,3, 242 (2CH2 cyclopent), 39.2, 391 (2CH, .
cyclopent); 40.5 (C-2°), 53.4; 53.3 (CH;0); 66.8 (;g;cyc]opentane), 67.1 (C-57), 70.9 (C- °
3%),.86.1, 86.0, 85.5, 85.4(C-1°, C-4%), }10.2. (C-5b), ]r]‘l"8=(C'5); 121.3, 121 2'(”0’ OPh), -
126.2.(‘m’, OBh), 128.9(C-5a), 138.6 (C-6); 144. .9 (lipso’, O_) 149.9- (C-4) 155.9;155.8" -
(’p’, OPh), 162.3(C- 2) ]76 3 LCOOCH;)

Synthesis- of (E)- 5- (2 -Bromovinyl)- 2’-deoxyundnne-5’—|para-mtrophenyl (ethoxy-(x a- . -
cycloleucinyl)]-phosphate:(CPF 20): ' )
C25sH30BrN; 04 P y MW=673':42
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. (1H;m, HY ), ,47-4 45 (4H; m; H-5’, H-3”, NH) 4.2-4:.05 (3H; m, H 42, CH;C]_ig_O), 2.55-7-
" 2.4:(1H, m, one ofH 27), 2.2-1.95 (5H, m, one of H-2'+4H' cyc]opentane), 1.95-1.8 (4H

This was synthesised accord'ing to Standard. procedure 5, using: BVdU (200 mg, 0.60 -
mmol), para-_nitmphenyl-(ethoxy-a,a-cyc]ol'eucinyl)ephosphorochloridate (563 mg, 1.5
mmol), NMI (4.98 mmol, 332 pl) in THF (5 mL) for 1 hr. The crude product was purified

by column chxomatography, elutmg -with CH;,Cl,/Methanol 97 3to g1ve the pure. product :
as a white foamy solid (240 mg, yield: 59%).

*'P-NMR (CDCls, 121 MHz): & 3.83, 3.79. |
'H-NMR: (CDCl;, 300 MHz): 8 8.25-8.2(2H; 2d, *J=9Hz OPA), 7.66 (1H, s, H-6), 742H -
,2d . J=9Hz; OPh), 7.3 (1H, 2d; J=14. Hz, H-5b), 6.85 (1H, 24; 3J—14 Hz; H5a) 6.3-6.2

m; 4H cyclopentane), 1.2 (3H, 2t;°J=8 Hz, CH;CH,0).

BC.NMR (CDCly, 75 MHz):-8'14.9 (CH;CH;0), 24.5, 24,4 (2CH; cyclopent), 39.1, 39. 0;

38.8 (2CH2 cyclopent); 40.7 (C-2?), 62:4: (CH3CHzO), 66.5 (Cq cyclopentane),, 67.0 (C 5%,
70.9'(C-3?), 85.9,.85.4 (C:1°, C-4?), 110.2 (C-5b), 111.8 (C-5); 121'3 (‘o OPh) 1262 -
(‘m’, OPh), 128.8 (C-5a), 138.5.(C-6), 144.9 (‘ipso’, OPh), 149.9 (C-4), 155:5 (‘p’; OPh), e
162:3 (€-2),175.8,175.7. (goocnzcn,) '

Synthesis: - of' (E)-5- (2-Bromovmyl)-2’-deoxyundme-S’ lpara mtrophenyl (benzoxy-,
a,a-cycloleucinyl)]-phosphate (CPF 21) A
C30H32BTN40“P MW=735.47.
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product as a white foamy solid (269 mg, yield 61%).

(C-4);.155.8C’p OPh), 162.3 (C- 2)175:6 (goosn)

‘This was synthesised according to Standard procedure 5, using BVAU '(200, mg, 0.60

mmol), péra-nitrophenyl'—(benzy]oxy-a,a—cycloleucihy-i)-phosphorochloridafe- (656 mg, 1.5
mmol), NMI (4.98 mmeol, 332 pL) in THF (5 mL) for 3 hrs. The crude product was
purified by column chromatography, eluting with CH;Cly/Methanol 97:3 to: give the pure- .

YP.NMR (CDCls, 121 MHz): §3:72. ,
"H-NMR (CDCl;; 300 MHz): § 10.3 (1H, bs, H-3), 8.22:8.12.(2H, 2d, /=7 Hz, OPh); 7.65 o
(1H, 2xs, H-6), 7.45-7.30 (8H,. m; H-5b+OPk+CH,Pk), 6.72-6.65 (1H, 2d; *J=14.Hz, H- -
5a), 6.28 (TH; 2t, *J=6Hz, H-1"), 5.15 (1H; d; CH;Ph);.4.6-4:35 (4H, m, H:3", H-5", H4",
NH,); 2.55-2.4 (1H, m, one. of H:2’), 2.3-1.92 (5H, m, one of H:2’+4H cyclopér'itane'),.
1.85-1.6 (4H, m, 41 cyc]opentane) . ‘
BC-NMR (CDCly, 75 MHz): §24.4, 243, 24.2 (2CH; cyclopent), 39.1, 38 9 38. 7, (2CH;
cyclopent);--4();5- (€-2°); 66.9 (Cg-cyclopentane), 67.1 (C-5’); 68.0 (CH,Ph), 70.9(C-3"),.
853,850 (C-1’, C4'),.1T0.3 (C-5b), 111.8 (C-5), 1212 (*0’, OPK), 1261 (‘n’, OPH),
129.0,.128.8 (Bn;. C-5a), 135.7 ('ipso’, CHaPh); 138.5 (C-6), 1449 (’ipso’, OPh) 149:9°

Synthesns of (E) 5- (2-Bromovmyl)-2’—deoxyundmc 57- Ipara-ﬂuorophenyl (me(hoxy- SRR
o,a-cycloleucinyl)}-phosphate: (CPF 22).. '
CqusBl’F‘NJOgP,' I\’Iw—632.'37..: PR
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This was synthesised according to Standard procedure S, using BVdU (200 mg, 0.60
mmol), para-ﬂ_uordphenyl'-(methox-y.-a,a-cyc]oleucinyl)-phOSphorochloridate (503 mg, 1.5
mmdi), NMI (4.98 mmdl, 332 pL) in . THF (5 mL) for 2 hrs. The crude product was
purified by column' chromatography, ‘elutjn'g with CH,Cl/Methanol 97:3 to give the pure
product as a white foamy solid (251 mg, yield 66%).

3IP:NMR (CDCl, 121 MHz): 6 4.22;

'H-NMR (CDCl3;.300 MHz): 8 10.3 (1H, bs, H-3); 7.70 (1H, 2xs, H-6), 7.4 (1H, 24, 3J=14
Hz, H-5b),.7.25-7:15 (2H‘,“r;,':0ﬂ1;); 7.1-6.95 (2H, m, OPk), 6.70 (TH, 2d, *J=14 Hz, H-5a),
6.30-6:157 (H-H; 2t,°J=5-Hz, H1), 4.55-4.05 (SH, m; H-5’+H-3’, NH, H-4"), 3.72 (3H, 2s, -
CH;0), 2.55- 2'35 (1H; m, one éf H-2%), 2.25:1.92 (5H; m, one of H-2’+4H cyclopentarie),
1.85-1.6 (4H m;, 4H cyclopentane). .

>C-NMR (DMSO0; 75 MHz): & 24.4, 24, 3 24 2 (2CH;y cyclopent) 39.3,.39.2, 38. 9 385 -
(2CH; cyclopent),; 40.6 (C-2"), 53.3; 53.2.(CH;0), 66.5 (C (Tq_;qyclopentane), 66.7 (C-5 ),
70.9-(C-3?), 785;8, 85.7, 85.4 (C-1’,. C-4%), 110.2 (€-5b), ¥11.9(C-5), 116.9, 116.6 (‘o’,

- OPh); 122,2;122.0 (‘m”, OPhY, 128.5 (C-53), 138.5 (€-6), 1467 ('ipso’, OPh) 149.9 (C-4),

158.5 (p’, OPK); 162.3(C-2),176.4, 176:3(COOCH). .

Synthesis - of : (E)-5-(2- Bromovmyl)—l’ deoxyurndme~5’ [parn ﬂuorophcny] (ethoxy-
a,a—cycloleucmyl)]-phosph ate (CPF 23).. ' ‘
C25H30BFFN309.P,'.MW—646.4.:l :
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_ H-5a), 6.30 (1H; 2t,%756 Hz, H1°), 4.55,4.3 (3H, m; H-5", H:3"), 4.2-4.1- (4H, m, NH, H- : -
"4’, CH3;CH,0), 2.55-2.4 (1H; m; one of H-2°), 2.22-1.90- (SH, m, one of H-2’+4H "

57

This was synthesised according to ".S’tam‘ia.r"'d proc‘é?;dzkre 5, using BVdU : (2(‘)6 mg, 0.60
rﬁmo]), para-fluorophenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (524 mg; 1.5
mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was
purified by column-chromatography, eluting with CH:C]2M'ethanolz'97f3' to give the pure
product as a white foamy-sohd (274 mg, yield 71%). |

2'P-NMR (CDCl3, 121 MHz):-8 5.30.

'H-NMR (CDCl;; 300-MHz): §.10.35:(1H; bs, H-3), 7.7 (1H; 2xs, H:6), 7.44. (1H; 2, -
3J=14 Hz, H-5b), 7.2‘5"-17.;5(2_14,» m; OPh); 7.1-6.95 (2H, m;. OPh), 6.7 (1H, 2d,>J=14 Hz,

cyclopentane), 1.8-1.6 (4H, m; 4H 'cyclopentane), 1.3-1.2 (3H, 2, 3=7 Hz, CH;CH0). -
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PC-NMR (CDCly; 75 MHz): 14.5 (CH;CH;0), 24.6, 24,4; 24:3 (2CH; cyclopent); 39.3,

-39.2, 38.9, 38.6 (2CH; cyclbpen»t); 40.6 (C-2’), 62.2 (CH;CH;0), 6‘6:,5-(»7§g'_cyc]o;“)entane), A

66.7 (C-57), 71.0 (G-3"), 85.8; 85.7, 8535, 85.4 (C-1", C-4’), 1102 (C-5b), 111.9 (C-5); .
116.9, 116.5 (‘0’, OPA); 122:2;:122.1 ('m’; OPh); 129.0°(C-52), 138:5 (C-6), 146.8,146.7 -
('ipso’, OPh), 149.9 (C-4), 158.5 (‘p*, OPh); 162.3 (C-2),175.9, 175.8 (COOCH;CHj).

Synthesis of - (E)'-Si-(z,?-‘l_ir_ompv-inyl).:Z":d'epxyu:f._,idine-s.’i-{vpmfa-._ﬂuo;op-hgnyll';.(‘be,',z_oxy-:.? e
a,a-cycloleucinyl)]-phosphate (CPF 24).- ‘ ST A
C30H3;BrN3;OoP, MW=708.47.
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This was synthesised according to Standard );_nicedbre‘ 5, using BVdU (200 rﬁg, 0.60 .
S5 - mmol), para-ﬂuorophenyl-(benzyloxy-a,a'-cyc]o]cucinyl)_'-p}iosphorochloridate (616 ‘r'ng,

1.5.mmol); NMI (4.98 mmol, 332 pL) in THF (5 mL) Tor 2 hrs. The crude p'rodimt‘was

purified by column chromatography,. elutigg: with CHiC]Q/Me(hanol-§7:3’ to give th‘e-"pure

pfoduct as a white foamy solid (283 mg, y1eld 67%).
~ 'P-NMR (CDCls, 121 MHz): § 4.27. _
10© "H-NMR (CDCl;,.300 MHz): & 10.3-9.85-(1H,.bs, H-3), 7:65 (1H, 2xs, H-6), 7.45-7.35"
(1H, 2d, 2J=14:Hz,:H:5b), 7.40-7.30 (SH. m,. CH,Pk);7.25-7.15 (2H, m, OPh), 7.05-6.95"
(2H; .m, OPh); 6.71' (1H, 2d, 3j=14"Hz, H-54), 6.27 (1H, 2t, *J=6Hz, H-1"),.5: 1S:(1H, s,
.. cgJ:Ph), 4:45 (1H, m; H-3%), 4.40-4.30 (2H, m; H-5")4:20-4.05 (2H, m, H-4’, NH), 2.5-2.4 -
‘ (j.H, m, one;of'Hli’A), 2:25-1.9.(5H, m, one of H-2’+4H 'cycl'opentane), 1.8:1.6 (4H, m, 4H-

-I5 cyclopentane). . _
BC-NMR (CDCly, 75-MHz): § 24.5, 243,242 (2CH, cyclopent); 39.7, 39.6, 39.3, 392
) (2CHy» cyclbpent);-40.*5,. 40.0 (C-2%); 66.6 (@;é);clobgntane), 672, 66.7 (C<57);.67.9 -
! (CH3Ph), 70.8, 70.7 (C-37), 85.8; 85.7, 85:4, 85.3 (C:17, C-4"), 110.3.(C-5b), FIL8 (C-5),
116.9; 116:6 (‘0’, OPK), 1222, 122.1 (‘m’, OPh), 129.0, 128.9; 1286, 128.5 (Bn, C-5a),
20 135.8(‘ipso’, CHyPh) 138.5° (C-6); 146.8, 1467 ('ipso’, OPh), 1‘49.97(,’c'-4-),. 158:5. (’p?
OPh); 162:2.(C-2),1757, 195:0(COOBn). . . -

Synthesis of. (E)—55(2'+Bromovinyl)72_’-.d}eoxymjidineeS'?.‘-Alpa ra7chlqg_’ophenyil;-(met'h'px.yf
a,a-cycloleucinyl)]-phosphate (CPF32). . o |
25 Ci4H3BrCIN;OP, MW=648:82. . -
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This-was-synthesised -according-to-Standard-procedure-5—using-BVAU-(150-mg—-045— —
mmol), para-chl'oropheny]-'(methpxy—a,a-cy‘clol'eucinyl‘)—phosp}iorQé}ildddate (475 mg,

5 ].35"mmol), NMI (4.5 mmo]; 300 pL) in THF (5 mL) for 2 hrs. The crude product was
purified by column.chromatoggap_hy, eluting . with CH;CIZ/Mcthano} 97:3 to give the pure
product as'a white foamy solid (187 mg, yield 64%). '

JPNMR (MeOD, 121 MHz): § 4.64. |
'"H-NMR (MeOD; 300 MHz): § 7.75°(1H; 2xs, H-6), 7.32.(1H, 2d, J=14 Hz,-H-Sb), 732 -
10 7.27 (2H, m, OPh), 7.20-7:11 (2H, m, OPAh), 6. 72(1H<- 2d, /=14 Hz, H-5a), 627-6.20 (1H, - - . -'
2t, 3J'—6Hz HY’), 435(1}1 m; H-3%), 4.30(2H, m H5)41 (2H;7m, H-4%),3.72 (3H, ZS
CH30), 2.32-2. 20 (lH m,.one ofH 2°), 2.20-1. 92 ‘(5H; m, one of H- 2’+4H: cyclopentane),
.. 1.8-1.6 (4H, m, 4H cyclopentape).
' "C-NMR (MeOD; 75 MHz): §725.7; 25.6 (2CH; cyclopent), 41.7, 416, 41.4, 41.3 2CH; -
15 -cyclopent), 42.7 (C-2’), 54:1; 53.9 (QH';O'), 67.8.(Cgq cyclopentane), 69.1, 69:0 (C-5°), 73.8
N (C-3"), 88:4, 88.3, 88.2{C-1’, C-4’); 1102 (C-5b);: 111:8 (C-5), 122.1, 121.9 (‘0’, OPh),
‘ 128.9 (C-5a), 130:6 (‘m’, OPh), 130.8 ("p’, O)éi;), '1~_3~8=.5’ (€-6), 1495, _149.‘4;(_-’1}75’0-?,.0&),
149.9 (C-4), 162.2(C-2); 175:6 (COOCHy). - |

20

Synthesis of: (E)-S (2-Bromovmyl) 2’- deoxyundme-S’ [para chloropheny] (ethoxy-
25 o,a-cycloleucinyl)]-phosphate (CPF 33): '
C15H3BrCIN;OyP, MW?662.85; )
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mmol), para-cthrophenyl'-(ethoxy-a-,a‘-cycloleuciny])Qphbsph()roéhloridaié (495 -mg, 1.35

mmol), NMI (4.5 mmol, 300 pL) in THE (5 mL) for 2 hrs. The crude product was purified

by column.chromatography, eluting: w1th CH2C]2/Methanol 97:3 to give the. pure. product
as a white foamy solid (240 mg, yield 66%). -
*'P-NMR(CDCl3, 121 MHz): § 4.15.

"H-N-MR(CDCI;, 300 MHz)'iS 10. 25i10 1 '(1H‘ bs, H-3),7.65 (1H, 2xs, H-6),.7.4-7.3 (1H,

3J—14H2,H5a) 620(1H m; Hl) 435(3H m; H:3?, H5),4240(4H myH4, NH, -
CH3CH,0),. 2.45-2.25 (1H; m, one-of H-2?), 2:25-1.85" (SH m; “one of H-2"+4H. .

"cyclopeyﬁane), 1.75-1 55 (4H, m, 4H" cycloPentane), 1.2 (3H, 2t,°7=7 H_z, CH;CH0).

"C-NMR (CDCl3,. 75'MHz): § 14.5 (CH3CH,0), 24.5,.24;4-(2CH; cyclopent), 39.3,39.2,. '
38.8, 38.6.(2CH, 'cyclopgﬁt), 40.5:(C-27),.62.3 '(CH3Q"120),‘"6.6.'1 (._C_-'Lcyclbpentanc),; 66.7-
(C-57), 70.8 (C-37), 85.8, 85.4: (C-1% C-4"), 110:3 (C-5b), 111.9 (6:5);_ 122.1, 121.9 (*o’
OPh), 129:0 (C-5a); 1302 (', OPk), 130:8 cp, o@; 138.5 (C-6); 1149\:5; 149:4 (‘ipso’,
OPh); 149.9/(C-4); 162.3.(C-2), 1759 ~(§OOCH;§:H,).. |

Synthesis - of: (E)-5-(2- Bromovmyl) 2’ deoxyundme-S’ lpara chlorophenyl (benzoxy-
a, a-cycloleucmyl)] phosphate (CPF 34) ) '
C30HyBrCIN;0sP, MW=124. 92 |
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This was synthesised: according to Standard procediire 5, using BVdU (150 mg, 0.45
mmol), para-chlorophenyl-(benzyloxy-a,a:cycloleucinyl)-phosphorochloridate (578 mg,
1.35 mmol), NMI (4.5 mmol; 300 pL) in. THF (5 mL) for 2 hrs. The crude product was

punﬁed by column chromatography, eluting: with: CHCly/Methanol 97:3'to give the pure
product as a white foamy sohid (222 mg, yield 68%).

J'P_NMR.(CDCI3, 121 MHz): §'4:11, 4:05.

'H-NMR' (CDCl;, 300 MHz): & 7.65: (1H, 2xs, H-6), 7:45-7.29 (10H; m, H-5b, 2H
OPh+CH,Ph), 7.20-7.15 (2H, m; OPh); 6.75-6:67 (1H;:2d, *J=14 Hz, H-5a),.6.28 (1H;2t,
3 J=6Hz; H I ),5]5(1H 2s; CﬁgPh),45(lH m, H-3"), 4.35 (2H, m H-5%) 41(H, m; H-
47), 400(1H .am,. NH),2:48-2.35 (1H; m, oneofH 2) 2.3:1:92.(5H; m, one:of H:2’+4H -~
cyclopentane), 1. 8-1.6.(4H, m, 4H cyc]opentane) ' ,
”C-NMR. (CDCH,-75 MHz): § 24.5, 24.4,24,3, 24'2 (2CH; cyclopent); 393, 38.8, 38.6
(2CH; cyclopent), 40.':5;(C-2’),-6o,7' (Cq cyclopentane); 67.9 (CHyPh), 68.4 (€-5"), 70.7 (C-

3), 85.7 , 857,.85.4,853 (€-1°, C:4°), 11033 (C-5b), -111-.8,(C:5), 122.0; 1219 (‘0’, .. .

OPh), 129.1, 128.3; 128.2 (Bn; ‘m, OPA)., 130:2 (C-5a), 135"'8('zpso' CHPh), 1363 (’p!
OPh),’ 1382(C-6) 1495 1493 (‘ipso’, o_) 1499 (C-4), 1622(C2) 175.7, 175.5
(COOB): - R

Synthesis. - " (E)-5-(2:Bromoviny))- 2’-deoxyundme—5’ [para-tnﬂuorophcnyl— SR
(methoxy-a,a=cyclolencinyl)]- phosphate (CPF 28)
C2sH2sBrF;N;0oP, MW= 682 38.
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This was synthesised according to Standard procedure. 5; using BVdU (150 g, 0.45
mmol), para.-'tdﬂuorfopheny_l—(methoxy-u,d-cycloleucinyl)-phosphorochl'oridate (521 mg, -
1.35 mmol), NMI (4.5 mmol, 300 pL) in THF (5 mL). for 2 hrs. The crude product was.
punfied by column chromatog.raphy,'eluting with CHzCl/Methanol 97:3 to give the pure .
product as-a white foamy solid (199 mg; yxeld 65%).

*'P-NMR (€DCls; 121 MHz): & 3.80.

'H-NMR (€DCl3; 300 MHz): & 7.70 (1H; 25, H-6), 7.55 (1H, 2d; *J=14 Hz, H-Sb), 7.45-

7.32.(4H; m, OPh), 6.72 (1H; 24, *J=14 Hz; H-5a), 628 (1H, 2t,°J=6 Hz, H1’), 4.55 (1H, - -

. . . '”1.'
m, H-37), 4-45"(2H m, H:5%),.4:25 (1H; H'-4’), 4.15(1H, NH), 3.71 (3H; 2's CH;0), 2.6-
2.4 (]H m; one of H- 2 ), 2.3-1:9 (SH m, one.of H-2? +4H cyclopemane) 1 85-1.6 (4H, m, ..

4H cyclopentane) .

BC-NMR | (EDCly; 75 MHz): 5.24.4,.24:3, 242 (2CH;_ cyéiopent), 39:2, 39.1,-38.8, 38.6
(2CHs cyclopent), 40.5 (C-2); 53.9 (_éH";O)‘, 66‘53‘-@cycl'opentanc);f-6'6f8A.<;(C-5")',.'70.9 (C--
3’), 85:8,.85.4 (C-1°, C=4%),.110:3- (C-5b); l"l"i 9. (C-5), .125.1 (&, J=270Hz; CF;), 127.1,
127.0 (‘o”, ©OPh), 1278 ( m’ OPh) 1289 (C- 5a) 1290 Cp’, q,J =32Hz, OPh) ]38 5(C-
6), 149.9:(C: 4) 153:5-(Vipso’, OPh); 162 2 (C-2) 176 3; 1.76.2 (_C_‘OOCH;)

Synthcsns of (E)- 5-(2-Bromovmyl) 2’-deoxyundme-5’ [para tnﬂuorophenyl-(ethoxy— IR

a,a-cycloleucinyl)]-phosphate (CPF 29)
C26H30BrF3N309P, MW. 69640
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This was synthesised: according to Standard. procedure 3, 'uls‘in'g BVdU (150 rh'g, 0.45 .
mmol), para-trifluorophenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (540 mg,
1.35 mmol), NMI (4.50 mmol, 300 pL) in TH]? (5 mL) for 2 hrs. The crude product was. ’
purified by column chromaiography,- eluting with CH;Cly/Methanol-97:3 to give. the pure
product as a white foamy sc‘>lid (185 mg, yiei,d 59,%); | '
*'P-NMR (CDCl, 121 MHz): § 4:30:

'H-NMR (CDCl;, 300 MHz): 5 10.35 (1H, bs, H-3), 7.70 (1H; 2xs, H-6),.7.40.(1H, 2d,
’J=14 Hz, H-5b), 7.28-7.14 (2H; m, OPAk), 7.05-6.95"(2H, m; OPh);, 6.70 (1H, 2d, =14
Hz, H-5a), 6.3 (1H, m, H1%), 4.55-4.3 (3H; m, H-5"; '393.’);.. 42-4.1 (3H, m, H44’;!‘

© CHsCH,0), 2.5-2.35 (1H, m, one-of .H:2); 2:20:1.9 (5H, m; one of H-2+4H ~

cyclopentane), 1.85-1.6 (4H; m, 4H cyclopéntane), 1.25 '(3H,' 2t, 3.1_=7“H'z, CH;CH,0).
YC-NMR (CDCl;, 75 MHz): & 14.5 (CH3CH;0); 24.5, 24,4 (2CH; cyclopent), 39.3,39.2,

'38.9,.38.5-(2CH; cyclopent), 40.6:(C-2’), 62.2.(CH;CH,0), 66.7 (C__'g_cyclopentane); 67.4,

67:3 (C-5%), 70.9 (C-3"), 85:8; 857 (C-17, C-47), 110.2 (C-5b), 111:9+(C-5), 116:8; 116.5 -
(‘0’, OPh), 1222, 122.1 ('m, OPh),.125.1 (d, J=270Hz, CF3), 129.0/(C-52), 131:1 (‘’p’, q,
I=32Hz; OPA), 1385 (C-6); 1468, 146.7-(ipso’, OPK), .1499° (C-4), 1623 (C2),
175;’9;]‘75"8-(-C—‘OQCH’2CH3). . S ST

Synthesis = of '-(E)TS'-(2#Bromovinyl)-2’--deoxyug;idhge.aS?iIpara-trji'ﬂuorqph.eny!- .
(benzoxy-a,a-cycloleucinyl)]-phosphate-(CPF30). . L
C3]H32BFF-3N309P, MW=758;47.
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This was. synthesised according to Standard procedure S, 'usin_g BVdU (150 mg, 0.45
5 mmol), para-triﬂu&fophenyl'{benzy]ox»y-a,a-cyc]oleucinyl)-phosphoroch]oridate (623 mg,
1.35 mmol), NMI (4.5 mmol, 300 pL) in THF (5 mL) for 2 hrs The crude product was
purified by ;:o]umn chromatography, eluting. with CHaCly/Methanol 97:3 to give the pure
product as a-white foamy sohd (218 mg, yiel.d 64%). .
*'P-NMR (CDCl;, 121 MHz):'$ 4.30.
10 'H-NMR (CDC;, 300-MHz): 6 10.35 (1H,.bs; H-3),.7.65 (1H, 2xs;, H-6),.7.55(2H, m, 2H. : |
OPh), 7.45-125 (8H: m, 2H OPh+CH,Ph+ H-5b), 6.7 (1H, 2d, *J=14:Hz, H-5a),.6.30 (1H, -
2t, >J=6Hz, H-1%), 5.15 (1H, 2s, CHzPh), 4'.5'5—4.3.5- (3H, m, H-3’+ H,LS:’)‘,A_.'.’Z'S.:'-(I‘H; H-4%),- .
4:10 (IH NH), 2.55-2.35° (1H, m; one of H'-Z’) 530-‘1».‘92 (5H, m, bn'e:.ofr-Hl'2’+4H= :
' cyclopentane), 1.8-1.6° (4H, m, 4H:cyclopentane). ‘ . .
15 PC-NMR (CBCl;, 75 MHz): § 25.5, 24.4;.24;3, 24.2 (2CH, cyclopent), 39.2.39.1, 38. 7,
38.6° (2CH;j cyclopent), 40.5, 40.0 (C-2’), 664" (_-q;-gycmpentane),,..6_6.8'-:(-C.-.5 ), 68.0.
(CHyPh), 70.9 (C-3°), 86.0; 85.8; 85.4; 85.3 (C-1’, C-4), 110.3:(€-5b); 1.1]'~'ii'.9.:(C;'5), 121.8;
120.8 (‘o, m’, OPh); 125.2 (d;, J-270Hz CEs), 128.5,121.7, 127.5:(Bn; C-5a), 129,2'()p',q-
, J=32Hz, OPk),. 1354 (xpso .CHzPh), 138.5 (C-6) ]499 (C -4),..153:5- (lpSO OPh)~
20 162.2 (C -2), 175:6,175.5 (COOBn)

Synthesis:  of: -(E)-5-(2:Bromovinyl)- 2’ deoxyundme»S’ [phenyl-(methoxy-L-, -
phenylalamnyl)] phosphate (CPF36).
25 C17}129BTN309P, MW—650.4-I.
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This was synthesised according: to' Standard procedure 5, using. BVdU ('1.50 mg, 0.45
mmol); Pheny].-(methoxy-L—phenylalanihyl)-phbsphorochlori_date (477 mg, 1.35 mmol),
NMI. (4.42' mmol, 190 pL) in. THF (5 mL) for 2 hrs. The crude pfoduct.w;s purified by
column chromatography, eluting with CHZClg'/Methanol'.97:3 to give the"pure product-as a
white foamy-solid (169 ;mg,Ayield'SS%),' :

3P-NMR: (CDC]Q,» 121.MHz2):.6:4.79; 4.71. . ,
'H:NMR (CDCly; 300 MHz): § 9.95 (1H; bs; H=3),-7.60-7.55(1H, 2xs, H-6), 7.48-7.4 (1H,.~_ o

2; *J=14'Hz, H-5b), 7:3-7.1. (10H; m, CHoPh+ OP), 6.75-6.65-(1H; 24, *J=14 Hz, H-5a),

15

25

6.27-6.18: (lH m, HY’), 4.57-4.29-(6H, m, H-5’,H-3° H-4*;-NH; Cthenyla]a) 3.70" (3H o

'25 CH3O) 3.01 (2H; m,.CH3Ph), 235 2.20 (1H, .m, one:of H- 2’ ), 2 07-1.95 (1H, m, one of
H-2"). . .

Be NMR (CDCl5;°75 MHz) 5363 (CHzpheny]alanme) 41 9, 41.8 (€:27), 53.0 (_C_'H3O), :
56:6, 56.1.(CHphenylala), 67.1 (C-5%), 71.3; 70.7°(C-3?), 85_.7.5.85..6, 85:5, 85.4 (C-1", C-

4%); 110.4-(C-5b), 1 11 9 (C- 5) 120.6, 120.5 (of: OPh-)z 127.8 ('p’, OPh);.130:1, 129.9,

129.8, 129.1 (CHzPh C-5a,’m OPh) 138.0,'137.9 (o 6) 149.8: (C—4), 150.7,150.6 ( ipso’,

| OPh) 162.1,162.0(C- 2),173:5 (_oocm)
20-

Synthesns of - (E)-S-(Z-Bromovmyl)—Z’ dcoxyundmc-S’ |phenyl-(methoxy-L Ieucmyl)]- e

phosphate (CPF35). - )
C24HI31BI’N309P,- MW=6]_6'.4.Q.' o

o e
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This was synthesised according to -Standard procedure 5, using BVdU (150 mg; 0.45
mmol), Phenyl-(methoxy-L-leucinyl)-phosphorochleridate (432 mg, 1.35 mmol), NMI
(4.42 mfnol 190 -uL) in THF (5 mL) for 2 hrs. The crude product was.i)un"ﬁed- by column
chromatography, eluting with. CH2C12Methanol 97:3 to give-the pure product as a-white .
foamy solid (167 mg, yield 60%). -

3'P-NMR (CDCl;, 121 MHz): § 5.14, 4.60.

'H-NMR (CDCls; 300 MHz): & 10.1' (1H, bs, H:3), 7.75 (1H; 2xs;. H-6), 7.45 (1H; 2d.
3J=14Hz, H-5b), 7.4-7.2 (5H, m, Oﬂh), 6.85 (1H; 2d, *J=14.Hz, H-52),.6:27-6.18 (1H; 2t,"
3J=6 Hz, HI’), 4.5:42 (4H, .m, H-5",H-3’, NH), 4.1 (1H;. m,H=4"), 3.95 (IH, ‘m;
CHCH;CH(CHs)), 3:70-GH, 2s; CH;0), 2:40-2.20-(1H; m, one. of H:2"), 2.65-1.95. (IH, "
m, one-of H-2"), 1.8 (1H; m, CHCHZCH(CH3)2) }.8-1.5 (2H, m,. CHCH;CH(CH;);) 1. O- ‘
0.9 (6H, m; CHCH;CH(CH;);) '

BC-NMR (CDCl5; 75 MHz): § 232, 23 1, 22.0, 21:9-(2C, CHCH2CH(CH3)2) 24:9, 24.7
(CHCH;CH(‘CH;);), 40;6~-(C-2) 43.7, 43.6<(CH'CHZCH(CH3)2).'5'3.0. (CH30), 5317,.53.6
(CHCHZCH(CH:;)Z) 66.6, 66.3'(C-5"), 71.1, 70.8 (C-37), 86.0, 85.7, 85.6,85.5 (C- 1’ C- :
47), 1104 (C-5b), .111.9" (C 5); 120.6,-1205, 12_0..4 (,o_,-O_.), 125.8,.125.7 ('p’ OPh)
128.9 (C-5a), 130.2 ('m’-OPh); 138:1 (C-6), 149:9 ({(;'-4),‘ 150.8,.150.7 (,’ipsc;"', OPh), 162.2 .
(C-2), 175.1; 1749 (COOCH). | -
Synthiesis: of-. (E)-5-(2 Bromovmyl)-Z’-deoxyurldme-S’ lphenyl (bcnzoxy-L leucmyl)]-'
phosphate (CPF'37).. |
C30H3sBrN;OsP, MW=692.49. -
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This was- syﬁthesised according to Standard procédure 5, using BVdUA' (150 mg, 0.45
mmol); Phenyl-(benzoxy-L-leucinyl)-phosphorochloridate - (534. mg, 1.35 mmol), NM]
(4.42 mmol, 190 pL) in THE (5 mL) forﬁ hrs. The.crude product was purified by column -
chromatography, eluting with CH,Cly/Methanol*97:3 to give the pure product: as. .a, white
foamy solid (199 mg, yield 64%). |

3P NMR (CDCl3, 121 MHz): & 5.18, 4.54. - |

'H:NMR (CDCl;; 300 MHz): & 9.95-9.85 (1H; bs, H-3), 7.55 (1H; 2xs, H:6), 7.38'(1H, 2d;
3/=14.Hz, H-5b), 7.3-7.1 (SH, m, CH,Ph+ OPA), 6.65 (1H; 2d, 3J=14:Hz, H-5a), 6:26-6:14" .
(1H,.2t,.°J=6 Hz, HI’), 5:1 (2H, 25, CH,Ph) 4.4-3:8 (6H, m, H-5"H-3", NH, H 42, -

CHCH;CH(CH;)Z), 2.35-2:25 (1H,.im; .one of H-2"); 1.95-1.85 (IH, m, one of H- 2,), 16- - -

1.4 (3H, m; CHCH,CH(CHs,), 0.8 (6H, m, CHCH,CH(CH3),).

PC-NMR (CDCl5;.75 MHz): 8 23.2; 23.1, 22.0, 21.9 (2C, CHCH,CH(CHy)), 24.9; 247
(CHCH;CH(CHy);), 407 - (€-2)), 439, 438 (CHCH,CH(CHy)), 539, 53 7
(CHCH,CH(CHj),), 66.4, 66:2 (c -5'), 67:8 ,67.7 (CH;Ph), T1'1, 70.7 (C-3°); 85.9, 856, .
85.4; 85:3(C-1", C4) 1104((: Sb), m9(c -5), 1206, 1205(0 ~OPHK); 125.8, 1257,

(‘p, OPh), 130.2; 129.1, 128:9(C-52. CHyPh, ‘m? OPh), 135.4'(ipso’, CH3Ph), 138.1(C- " -

6), 149:8(C-4), 1502(1pso OPA), 1621(C 2) 175.7, 174.6(COOB).

Synthesns of: (E)-5-(2: Bromovmyl)-2’-deoxyundme-5’ [para mtrophenyl (benzoxy-L— -
leucinyl)}-phosphate (CPF 38): -
C30H34BTN40"‘P, MW=73749. C
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This was synthesised according to Standard procedure 5, using. BVdU (150:mg, 0.45:

T 5 mmol), para-m'trophenyl-(benzoxy-L-]euciny])-phosphorochloridate (595. mg, 1.35 mmol),
NMI (4 42 mmol, 190 pL) in. THF (5-mL).for 2 hrs. The crude product was. punﬁed by
'column chromatography, elutlng with CH,Cl,/Methanol 97:3 to glve the pure product as.a
white foamy solid 176 mg, yield 53%). .

J'P-NMR (CDCls, 121.MH2): §'5.72, 4:357

10: ’H-NMR-’(CDC]j; 300.MH2):8 10.2.(1H; bs, H-3),.8.1(2H, m, 2H-OPh); 7.65 (I'H, 2xs, H-

6) 7.45-7.2 (8H, m, H-5b, CH,Ph+ 2H OPh); 6.65.(1H; 24, *J=14 ‘Hz; H-5a), 6 35-6.2" (]H .

t, =6 Hz, H1%), S5 (2H; 2s, CHzPh) 4.7-3.9 (6H m,’ HS =37, NH H:4",
CHCH,CH(CH3),);.2.55-2.4 (1H, m, one:of-H-2’ '), 2:15-2.05.(1H, m, one. ofH 2’); 1 7-1.5
(3H, m, CHCH,;CH(CHs),), 0.95- 0.8.(6H,.m,~CHCH2CH(CH;);). '

15- PC-NMR*(CDCly; 75 MHz): §23.2, 23.1, 22.0, 21.9(2C, .CI;I,CHQCH(.{ZHJ);); 24.9; 24.8 -
(CHCH,;CH(CH3),), 46’.6 (C-2), . 43.7,. -43:6 - (CHCH,CH(CH3)), 53.9, 53.7
(CHCH;CH(CH3)y); 66.9-(C:5"),.67.9 (CH,Ph),.71.2, 70.8.(C-3"), 85.8; 85.3, 85.2 (C-1°, .
C-4’); 110.6 (C- Sb)'~ i]‘]‘ 9*(C. 5); 121.3- (‘o",, OPh), 129.2;. 129.1, 1288, 126.2 (C-5a, . = ..

A CH,Ph, 'm. OPh) 1354 1353 (ipso’; CH;P;h) 1382 (C 6) ]452 145] ('ipso’,.OPh), .-

B -200 149.9 (C-4), 155. 5 (‘p’, OPh),: 1621 (C -2), 174 2: (_COOBn)

|
4
o

3 ' ‘Synthesis: of. (E)- 5—(2-Bromovmyl) -2.- deoxyundme-S’ [para chlorophenyl-(benzoxy--‘ e
- L-leucinyl)]-phiosphate (CPF39):

C30H34BrClN309P,,MW—.726.94. L
25 . S ' o.
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This. was synthesised according to Staﬁdard procedure 5, using BVAU (150 mg, 0.45
mmol), para-chlorophenyl-(benzoxy-L-leucinyl)-phosphorochloridate (581 mg, 1.35
mmol), NMI (4.42 '..mmol, 190 pL) in. THF (5 mL) for 2 hrs. The crﬁde produét was
purified by column éiuoma(ography, eluting. with CHZC]zMethanol'.97':3.'to give the pure

product as'a white foamy solid (221 mg; yi'e]d 68%). .

3'P_NMR (€DCls, 121 MHz):.8 5.27, 4.76. .
'H-NMR (CDCl3; 300 MHz): & 10.25-10:15-(1H, bs, H-3), 7:65.(1H; 2xs, H-6), 7.45 (1H,:
2d, >J=14 Hz, H-5b), 7.4-7.15 (9H, m, CH,Ph+ OPh); 6.7 (1H; 2d, *J=14 Hz; H-5a), 6.35-

6.2 (1H, 21, >J=6 Hz, H1"), 5:15 (2H, 25, CH,Ph) 4.55-3.9-(6H; m, H-5’, H-3’, NH, H-4",

CHCH,CH(CHs),), 2.5:2:4 (1H, m, one of H-2’), 2.15-2.0-(1H; m, one of H-2"), 1.7-1.45
(3H, m, CHCH,CH(CH,),), 0.94-0.82 (6H, m, CHCH,CH(CH}),):

BC-NMR (CDCls; 75 MHz):.8 23.1, 23.0, 22.2; 22:0 (2C, CHCH,CH(CH,);); 24.9, 247
(éHCHgCH(CH;)Z); 407 - (C-2),. 439; . 43.8 (CHCH,CH(CHs)), - 53.9; 53.7
(CHCH,CH(CHs),), 66.7,.66:3 (C-5), 67.8 (CH,Ph), 71.1,.70.7 (C-3"); 85:8, 85.7, 85.4
(C-17, C4%), 110.5(C:5bY, 111.9 (C-5), 122.1, 122.0 (‘o’, OPK), 130.2, 129:1, 129.0 (C-5a,
CH;Ph, ‘m’ OPh), 131.1, 130:9.('p’, OPk),: 1355, 135:4: (lipso., CH3Ph), 138.2.(C-6),
149.2; 149.1 (‘ipso’, OPK), 1492, 149:1 (G-4); 162.2 (C-2), 174:2, 1742 (COOBn). "
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Synthesis of Gemcntabme-[phenyl (benzoxy-L 1lamnyl)] phosphate
C15H37F;N4,O5P, MW 580.47 (CPF 31).

This was synthesised according.to Standard procedure 5; using. gemcitabine (131 mg, 0.5

- mmol), Phenyl-(benzoxy-L-alaninyl)-phosphorochloridate (529 mg, 1.5 mmol), NMI(4.42

mmol, 300 pL) in THF/pyridine (4/2.mL) for 2 hrs.. The crude: product was purified by

~ column chrorﬁatography, cluting with- CH2Clz/Methanol 95:5 to give the pure prod:uct-as_ a-.

10
© MP:NMR (MeOD; 121 MHz): §'5:05, 4.94:

15

200

25

_w_hite foamy-solid (46?'mg],'.yield 16%)..

'H-NMR  (MeOD; 300 MHz): § 7.6:7.5 (1H;. 2d:'3J=7Hz. H-6); 7:47:2 (10H. m,. -

OPh+CHyPh), 6:25 (1H, m; H-1);, 5:95-(1H; 2d; */=THz, H-5), 5.19 (1H, 2s, CH;Ph), -

4:55-4.1(3H, m, H-3’, H-4’, CHala); 4.05°(2H, m, H-5"), 1.20.(3H; 21, 3J=6 Hz, CHjala).
BE-NMR (MeOD: 75 Mﬁz); '5°20.8; 20.7. (CH;ala),.52.2; 52.0-(CHala), 66.1 (C-5), 68.4 -
(CH,Ph), 71.9, 71.3 (C-37),.80.6 (C-4%), 8’59»((:’1’)'9‘7‘1(@ 5),121.8, 121:6 (‘0’, OPA), .
123.(C2"); 1262 (*p’, OPh); 1318, 1300, 1297 (‘'m’ OPh; Bn);.137.9(’ zpso CHaPH); -
142.7; 142.6 (C-6), 152.5, 1524(1pso OP_h) 1582(C2) 1680(C-4) 175.3, 174.9
(CO@B). ‘ |
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Synthesis of Gemcitabine—lparé-chlbrophenylr(b'eiizoxy-L-a]aninyi)];phosphavté;
CasHzCIF,N,O5P, MW=614.92 (CPF 40).

This was synthesised according to Standard procedure 5, using gemcitabine (131 mg, 0.5
mmol), para-chl‘orophex_myi-(benzoxy_—L-alaninyl)—p}iosphoroch]orifjate (582 fng; 1.5 mmol),
NMI (4.42 mmol, 300 pL) in THF/pyridine (4/2 mL) for 2 hrs. The crude pro.duct was
purified by column chromatography, eluting with CH,Cly/Methanol 95:5 to give the pure
prpduct as a.white foamy solid (76 mg, yield 25%).

3IP-NMR (MeOD, 121' MHz): & 5.08.

'H—NMR"(‘MeOD_, 300 MHz): 57.65 (1H, 2d, *J=THz H-6);.7:5-7.2 (SH: m, OP_h‘fC,H}ﬂ), :
6.2 (1H; m, H-l’)_, 5.9-(1H; 2d, *J=7Hz, H-5); '5:12 (1H, 2s, CH;Ph), 4.6-4.1 (3H; m, H-3°,

. H-4’, CHala), 4.05 (2H, m, H:5°), 1.45-1:35 (3H, 2t, *J=6 Hz; CHjala).
"3¢-NMR (MeOD, 75 MHz): 8 20:9, 20.7 (CHsala); 52.2,:52:0 (CHala); 66.4; 662 (C-5°),

68.5 (CH:Ph), 71.5 (C-3°), 80.7 (C-4%), 86.4' (C-17), 972 (C-5),-123.5' (‘0’, OPh), 126:9

(C-2°); 131:2, 130.6, 130.3 (’m’ OPh; Bn), 131.9 ¢p", OPh) 137.5 (ipso’, CHoPh); 142.8, - -

142.7(C-6), 151:4,151.0 ('ipso’, OPh), 158.2 (C-2), 166.9C-4), 175:1,174:9 (COOBr).

P
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Synthesis of Gemcntabme-[para chlorophenyl (benzoxy a,a-dimethylglycinyl)}--
phosphate (CPF 41). '
C16Ha3CIF;N,O5P, M—W=62.8.95.4 o ‘ —_—

10:

15

20

This was synthesised according to Standard procedure 5, qusing gcmcitgbine.(]‘&]" mg, 0.5
mmol), para-chlorophenyl-(benzoxy-a,a-dimethylglycinyl)-phosphorochloridate: (603 mg,
1.5 mmol), NMI (4.42 mmol, 300 uL) in-THF/pyridine (4/3- mL) for. 2 hrs. The crude
product. was puriﬁed‘by column. chromatography, eluting with CH,Cl,/Methanol 95:5 to.

" give thepure product as'a white foamy solid (163 mg;. yxeld 52%y). -
- 3Ip NMR' (MeOD, 121 MHz): §3.56, 3:52:

'H:NMR (MeOD; 300 MHz): & 7.55 (1H; 2d, 3J—7Hz H-6),  7.4-7.15: (9H 1, -
OPh+CH,Ph),.6.25-(1H; m, H- ]) 5.85 (1H; 24, 3J—7Hz H-5); 5.15 (IH 2s;. C]i;Ph)"
4.55-4:1(3H, m; H-3, H-4"), 4.05 (2H, m, H-5"), 1.50-(6H, m, *J=6 Hz; 2CH;dimethygly).
BC.NMR (MeOD, 75 MHz): § 28.2, 28:0 (CHJ'dlmethygly), 58.6 (Cq-dimethygly), 66.2;
661 (C-57), 66.7 (CHyPh), 71.5 (C-3),.80.6. (€-4°); 86.4 (C-1),.97.0:(C-5), 123:9, 123:6 - .
(‘0’, . OPh);. 127.3 (C-27), ‘]30'0' 129.7 ('mv’ OPh; Bn), 131.8 €p*s OBR), 137.6: ('ipso’,
CHaPh), 142.8; 142.7 (C-6), 151 2 1511 (zpso OPh), 158.1.(C-2);,:167°9 (C-4) 176.8, -
176.7(COOBn). - o : ST
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Synthesis. of Pheiy} (methoxy-L—alanmyl) phosphorochlondate - ‘ -
CwH]gClNO4P MW=277.64.

1

-0—F—Q
NH

o

~This is synthesised according to Standard procedure 4, using L-alanine methyl ester
hydrochionde (2 g,.14.3 mmol), phenyldich]orOphosphate (3.02 g, 2.14 mi, 14.3 mmol),

10 and TEA (2.9 g, 4.0 ml,-28.7 mmol) in. DCM (60 mL), to yield:3.91 g (98%) of crude
product used without further purification:

P-NMR (CDCl;, 121 MHz): § 9.28, 8.97.
'H-NMR. (CDC]},; 300 MHz): § 7.39-7.34. (2H, m ,’0’ OPh), 7.29-7.20' ZH, m. ,"m+p” -

OPkh), 4.98: (m bs,NH), 4.274.09 (1H, . m, CHala) 3.78'(3H, s, OCHj), 1.52-1:49 (3H, "
15 2xd, *J=7Hz CHjala): -

>C:NMR (CGDCl3; 75 MHz): & 20.9-(CHjala); 51.0 (CHala), 53.6 ( OCHs), 120.9 (‘0"
OPh), 126.4('p’; OPh), 130.2 ('m’, OPh), 150:1 (ipso’, OPh), 173.6( COOCH3).

20 'Synthesis: of"P;h'enyll(cthoxgg-l;-al'aniny]);ph‘0§phoro¢h]bridate; L
€1 HsCINOP, MW=291.67. -

o

25 This is synthesised according to Standard procedure 4, usmg L-alanine ethyl ester.

hydrochloride (770 mg, 5.0 mmol), phenyldnchlorophosphate (1 12g, 50] mmol 749
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pl), and TEA-(1-4-mL, 10.02 mmol)- in.DCM (40 Ir'nL). The crude was buriﬁed by flash
chiromatography: (ethyl acetate/petroleum ether 7:3) affording 1.02 (69%) of oil.
*'P-NMR (CDCls, 121 MHz): §9.:49,9.07.
'H-NMR (CDCls; 300 MHz) 8°7.39-7.34 (2H, n{ '0’ OPK), 7.29-7.20 (2H, m, m+p
5 OP¥), 495 (1H, bs, NH), 43-41 3H, m, OCI;];CH3, CHala), 1.50 (3H, 2xd, >/=7Hz,
CHzala), 1.30( 3H, t, >J=7.1 Hz, OCH,CHj):
BCINMR (CDCls; 75 MHz) ) 145 (CH3CHy); 20.9 (CH;a]a) 51.0 (CHala) 626
CH3CHy), 1209 (‘o’ OPh), 1265 ('p’, OPh), 130.1 (‘m’, OPh), 150.1 (" ipso’, OPh), 175.1 _
_(COOCH,CHy). — e

10 -

Synthesis. of Phenyl-(benzoxy-L-alaninyl)-phosphorochloridate.
C]anClNOqP, MW= 353‘74.

Ot

. o 4 (0%
15 ) ‘
This is synthesised according to Standard procedure 4, using L-alanine benzyl ester
hydrochloride’(]..O" g, 4.64 mmol), phenyl‘—dichloroﬁho’Sphate (980 mg, 0.69 ml, 4.64
mmol),.and TEA (0:94 g, 1290 pL, 9.27 mmoel) in DCM (40-mL): The crude was purified:
- by ﬂash’"chromatogrdphy (ethyl a“cétate/petroleum e;h'er6}4) aff,qr'dihg’ 1.6} (98%) of oil.
20- *'P-NMR (CDCls, 121 MHz): 0941,9.23.
"H:NMR. (CDCly; 300 MHz) 57.41-7.2Y (10H m, OPh+CH2Ph) 5.24: (21, s, Qﬁg_Ph) -
4:95-4.88«(1H; bs, NH), 4:36-4.15 (lH m, CHa]a) 1:52-1.49 (3H 2xd 3./ 7Hz, C]_;Iéala) »
13C NMR (€DCl;; 75. MHz) 9. 208 (CH;ala) SLY (CHala) 68.0 (CHzPh) 12] 0 (o’ :'
OPh), 126:4 ('p’, OPh), 1303, ]290 1287 (m’OPh CHzPh) 135 5 (‘ipso’, CHzPh):
'25 150.2 (‘ipso’,-OPh), 172.9 ( COOCHzPh)

Synthesis of p-n|trophenyl-(methoxy-L-alanmyl) phosphoroch]ondnte
C10H;2CIN,O6P, MW= 322 64.
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This- is synthesnsed accordmg to Standard procedure 4' usmg L-alanine methyl ester

5 hydrochlonde (0 70 g.5: 01 mmol), p-mtropheny1d1ch]orophosphate (1:362 g, 5.01 mmol),

10

15

20.

25

““and TEA (14 ml, 10 mmol) in DCM (40 mL), to to qu]d 1.60 g (99%) of crude p product used
without further purification. '

3'P.NMR (CDCl3, 121 MHz): 8 9.13, 9.03.

"H-NMR (CDCl3; 300 MHz): §:8.1 (2H; 2d, 3J=8Hz, OPh), 7.3 (2H, 2d;>J=8Hz, OPh), 5.0
(1H, bs, NH), 4.1 (1H, m, CHala), 3.75 (3H;, s; OCH}); 1.5-1.45:(3H, m, CHjala). -
BC-NMR (CDCl3; 75 MHz): $ 20.8,20.7 (CHsala), 51.1, 50.9 (CHala), 53.2; 53.2 (OCH3),

121.8, 121.6 (‘o’ OPh), 126.5 (‘m’, OPh); l457(1pso OPh); 154:7; 154.6/(p’, OPh),
173.4; 1732 (COOCH:).

Synthesis. of:’p‘-.nitr.ophenyl-‘(e’th’oxy-L‘-alaninyl‘)"phosphoroch'lbridate.
CHCIN,04P; MW=336.67. '

°2°"'Iiz:0' -

0.

This is.synthesised -according. to. Standard, procedure 4, usmg L-alanine’ ethyl ester

hydroch]onde (770°'mg; 5 01 - mmol), p-mtrophenyld1chlorophosphate (1 362g, 5.0F mmol)

and"TEA (1.4mL; 10.02 mmol) in: DCM:(40: mL) to yneld I 64 g: (98%) of crudc product ) s

used. without forthier punﬁcatxon

'P-NMR (CDCh, 121 MHz): 5.9.06, 88]
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'"H-NMR (CDCly; 300 MHz): 3 8.1 (2Hm; OPh), 7.4 (2H m, OPh) 4.9-4.7 (1H, bs, NH),

4.3-4.1 (3H, m, OCH,CH;, CHala), 1.55-1.45 (3H, 2xd, *J<THz, CHjala), 1.40-G3H, t,

*J=THz, OCH,CHj). _ ,

BE.NMR (CDCly; 75 MHz): 5 -14*51 (-gH;CHz) 21.1, 2'0 9 (CHsala), 51.2, 51. 0 (CHala);
S 62.6.CH3CHy), 1217, 121.3 (o’ OPh) 126.2,126.0 ('m’, , OPh), 1457(1pso OPh), 154.5

(p’, OPh), 1734, 173.3 (COOCH,CHy). |

Synthesis of p-mtrophenvl (benzogy_l, a]amnyl)—phosphnmhl_ogdate
10 - C16H14CIN,OP, MW=398.04..

7
- 0, ' O—FI’—CI |
- NH

(0]
This. 1s. synthesised. accordmg to- Standard: procedure 4, usmg Lalanine. benzyl ester
'. 15 hydrochlonde (1.08 g, 5.01 mmol) para-mtrophenyl dichloro" phosphate (1.362" g, 5.01 -
- "mmol); and TEA-(1:4 'mL, 1.4 mmol) in DCM (40 mL) to yle]d 185 g (93%) of crude g
product-used without further purification.

J'P.NMR:(CDCl;; 121 MHz): °9:15, 9:06.

- 'H-NMR (CDCl3; 300’ MHz): §'8:15(2H; m , OP#), 7.45:2H",m ,OPh), 7.35-725.(5H,m,

20 CH,Ph), 5.2. (2H, 2s,. Q];IgPh), 5.00"(1H, bs, N];I) 42 (1H; m, CHala); 1.64 (3H, 2xd;
*J=THz, CHjala).
G:NMR (CDCl;, 75 MHz) 5. 208 (Q-I;a]a), 511 (gHala) 68.0 (CH2Ph), 1214 (o’ -
OPh); 126:1.(‘'m’OPh), 130.3, 1290((:}1,_11), ]457(1pso CHzPh), 1'50.2 ('ipso’, OPh),
154:6.¢'p’, OPh), ]729(COOCH2Ph)

25°
Synthesis-of. p-ﬂuorophenyl (methoxy-L—alanmyl)—phosphorochIorldate
CioHi,CIFNOGP; MW=295.63.
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ro—%;—m C
Meo\n/K

0.

This is synthesised according to Standard procedure 4, using L-alanine methyl estér
hydrochloride (0.70° g, 5.01 mmol), p-fluorophenyldichlorophiosphate (1210 g, 5.0
5 mmol), and TEA (1.4 ml, 10-mmol) in DCM (‘40‘mL) The crude was pufi'ﬁed by flash

ch:omatography (ethyl: acetate/petro]eum ether 7: 3) affordmg 111 g (75%) of oil:
JP-NMR (CDE);, 121 MHz): 59.98, 9.96.
'H:NMR (CDCls;.300 MHz): & 7.1 (2H; m, OPh), 6.95 (2H, m, OPk), 5.0 (1H, bs, NH),
. 4.25-4.1 (1H, m; eﬂéla),s;?s (3H, 2s, OCH3), 1.55 (3H; m, CHjala).
10 C-NMR (CDCl;; 75 MHz): § 20.8 (CHaala), 51.1, 50.9 (QHvala): 53. 3 (O€Hs), 117:1,
117.0 (‘o’ ©OPh), 122.6, 122.5 (‘m’, OPh), 146.0 (‘ipso’, OPh), 159.1,.159.0 ( , OPh),
173.4, 173:2 (COOCH3). ' .

. . l' . . . “
15 Synthesis of:'p.-ﬂ{,‘orop'h‘eny_la(ethoXy-L—alaninyl)-.plidsphorochlorid?a,te.f- L
‘CnH‘i-a‘C.lFNO;‘P, MW=309:66. '

N Fo—i:g | .

' 20: This is -synthesised. accordmg to. Standard procedure 4 usmg L- alanme ethyl ester’
- hydrochloride (770- mg, -5.0} .mmol),- p—ﬂuorophenyldxchlorophosphate (T 210g, 5 01
mmol), and. TEA (1.4'mL;. 10.02:mmol) in: DCM (40-mL). The crude was punﬁed by ﬂash
chromatography (ethy} acetate/pétroleum: ether 7:3) affordmg ] 07 (69%) ofoik
*'P-NMR (CDCl, 121 MHz): §10.04, 9.95.
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'H-NMR (CDCl3; 300 MHz): 8°7:1 (2H, m, OPh), 6.95 (2H-; m; OPh), 5.0 (1H, bs, NH),
425-41 (3H, m, OCH,CHs, CHala), 1.55 (3H, m, CHjala), 1.40 ( 3H, t, *J=THz,
OCH,CHy). -

I3C-NMR (CDCls; 75 MHz):'6 14.5 (CH;CHy), 211, 21.0 (CHsala), 51.2, 51.1 (CHala),
62.6.CH;CHy), 1173(0 OPh), 122.2; l220(m ‘OPh), 145.9,145.8 ‘ipso’, OPE), 1590
(‘p’, OPh), 173.6, 173:5 (COOCH,CHs).

SygLesn_s_of_ltﬂuorqphenyl-cbgnzoxy_L_alanmyll phosphomchlomdate
C16H;6CIFNO4P, MW= 371.73.

o

This is: s~ynlh<f.sised" according: to Standard- procedure- 4,. using L—alar‘}iné benzyl' ester
hydrochloride (1.08 g, 5.01 mmol), para-fliorophenyl-dichloro phosphate (1.210 mg, 5.01 . .
mmol}; and TEA: (1.4mL, 1.4 mmol) in‘DCM4(40.3 mL). The crude was pdriﬁ'ed‘?by flash™
chromatogfaphy (ethyl acetate/petroleum ether 7;3) affording:1.599 (86%) of oil.
3'P_NMR (CDCl, 121 MHz)::89.15, 9.06. 4 '
"H-NMR (CDClj; 300 MHz): & 7.35-7:25 (SH; m,.CH,Ph); 7.1 (2H, m, OPh), 6.95 (2H ;m _
, OPh),. 5.2 (2H, 25, CH,Ph), 5.00:(1H, bs, NH), 4:25-4.1 (IH,.m, CHala), 1.55 (3H; m;
CHyla). .. o
BC:NMR. (CDC];, 75 MHz): §-20.8 (QH;ala) 51:1,.51.0- (gHala) 68.1 (CHoPh); 117.0,
116:9- (‘0" OPh), 122.6 ( m’OPh) 1303 1290 (CHﬂ) 1357 (xpso CHzPh) 146.1,-
146.0(- zpso OPh), 158:9-(: p OPh) 173:1. ((_?OOCHzPh)

Synthesis of 4- (tnﬂuoromethyl)—phenyl (methoxy-L-alamnyl) phosphorochlorldate
C1H1, CIFsNOP, MW=345.64:
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This is s&hthesi'sed according to Standard’ ﬁroéed'ure 4, usmg L-alanine methyl ester
hydrochloride (1.0: g, 7:16 rhmol)‘»4‘-(triﬂ-u‘ororﬁeth'yl')aphéhyl-phosphodiéhl‘oﬁdate' (1. 998 - -
g, 7.16 mmol), and: TEA. (1:449: g, 14.32. mmol 1916 pL) in DCM (30 mL), to yleld 2. 202

g (89.0%): of crude product used without further punﬁcatlon

- 5-2'P-NMRACDCl5;- 125 MHz): 8:9:36,922—— — — —_—— = —
' 'H-NMR (CDCls; 300 MHz): & 7.66 (2H, d, J=8.1 Hz, OPh), 7:44-7.33. (2H, 1, OPJ), |
5.10 (lH bs, NH), 3.81-3.78 (3H, 2s, CH;0), 3.77-3.68 (lH m, CH3CH), 1.56-1.52 (3H,

m, CHCHj3).

PC-NMR (€DCl; 75 MHz): 8 0.6, 207 (CH;CHY); 509, 51.1 (CHCH;), 53:2'(CH;0), -
10 121.4 (‘o’, OPh), 124.1 (CF3, J=270-Hz), 128.0 (‘m’, OPh); ]286(‘p' J=34 Hz), 152.4,
152.6 (‘ipso’, OPk), 1734, 173.5 (COOCH3)..

Synthesis:of 4—(tnﬂuoromethyl)—phcnyl-(ethoxy—L-alanmyl)—phosphoroch]or,date .
C12H14C]F3N04, MW—-359 67 - . ) . . R
15

This is-synthesised according to- Standard proeedure 4 using'» L—alhﬁihe' ethyl" ester
hydrochlonde (1.0~g, 6:50 mmol), 4- (tnﬂuoromethy])—phenyl—phosphodlchlondate (1. 813
20 g, 6.50 mmol); and TEA(1:316 g, 13. 00 mmol; 1740 pL) in DCM (30 mL) to yneld 2. 150 -
g(92.2%) of crude product-used:withiout further punﬁcatlon
Y'P-NMR (CDCl, 121 MHz): § 9.33,9.28.

o
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'H-NMR (CDCl;; 300'MH-2): 8'7.70. (2H, d, *J=8.2 Hz, Oﬂz_), 7,’46—7.39 (2H, m, OPAH); "
4.78 (IH, bs, NH), 433-4.17 (3H, m; CH;CH,0+ €HCHy), 1.59-1.55 (IH, m, CHCH,),
1.56-1.52' (3H, m;, CH,CHj):

l’c NMR (CDCly; 75 MHz) S 145 (QH;CH;O) 20.8, 20.9 (CH;CH) 50.3, 50.9

(CHCHs); 623, 62.5 (CH;CH;O) 121:4 ('0’] OPh), 124.1 (CF,J—27O Hz), 121.7 ('m”,
OPH), 128:7 (p’, J=33 Hz), 152.4 (‘ipso’, OPk); 172.9 (COOCH,;CHj), -

_ Synthesis of p-trifinorophenyi- (benszyJJ_alanm;J) phosphm'ochlondate —_——

10- . C)7H1sCIF;NO P, MW= 421.73.

15

20

25

This- is: synthesised according to-Standard. procedure 4; using: L-alanine .benzyl:ester. -
hydrochloride (1:08 g, 5.01° mmol), para-trifluorophenyl-dichloro  phosphate (1.490 mg; -
5.01: mmol); and TEA (1’4»mL 1.4: ir;mol) in DCM (40°mL): The crude was purified by.
flash chromatography: (ethyl. acetate/petroleum ether.6:4) affordmg 1.80 (85%) of oill
}PNMR:(CDCls, 121 MHz): & 9:11, 8.84.. . .

'H-NMR (CDCly; 300 MHZ): & 7.65 (2H, m, OPh), 7.4- 7.2.(TH,. m, CH,Ph + 2H. OPh), :
5.25 (2H 2s; CH)Ph), 4.75-4.55 (lH ‘bs NI_{),425 4.1 (]H m,. CHala) 1.60-1.55 (3H, 24, :
3J=THz; CHjala). , '

PC:NMR: (€DEly; 75'MH2)" 5 -20 9:(CHsala), .51.3; 51.0; (CHala), 68.2, 68.1. (CHPh),
121.4, 120.9'(‘0’, ORh); 125.2. (@, J 270Hz, CF;) 126:6: (‘m’ O__) 129:1, 128.8;. 127.8

(Bn), ]3.0:0 (pyq:, J= 32Hz OPh), 1354 (zpso CH;Ph) 153 0 (zpso OPh) 172.8.
(COOCH,Ph): | ’

Synthesis of 4-chlorophenyl- (methoxy—L-alamnyl) phosphorochlorldate
C;oH,CLNOP, MW=312.09.. ‘

(Wa}
s
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This is synthesised: accordmg to Standard procedure 4 usmg L-alanine. methyl ester

hydrochloride (1.0- g, 7.16. mmol), 4- chloropheny]phosphorodxch]ondate (1.757 g, 7. 16

(72.5%)-of crude product used without further ﬁun’ﬁcati'on.

" >'P-NMR.(CDCI3, 121 MHz): § 9.36, 9.07.

'"H-NMR (CDCl;; 300 MHz): § 7.357.15(4H; m, OPK), 4.48-4.36.(1H, bs, NH), 4.22-4.04
(1H, m, CHCH3), 3.76-3.74.(3H, 2s, CH;0),.1:49-1.46 (3H, m, CHCH}).

C-NMR (CDCly; 75 MHz): & 21.0 (CH,;CH), 50.8, 51'T (CHCHy, 53.4.(CH30), 1219,
122.1, 1223, 1224 (‘o’, OPR), 1306, 1304, 1302 ('m’, OPA), 132.0. (", OPh); 148.6
(‘ipso’, OPh), 173:5 (COOCH3).- - - ' . :

Synthesis: ofA-cl'iloroph'enyl—( ethoxy-l;"-a‘l'anin&))‘spho&;iﬁorochldridhte:. -
CHi CLNOLP; MW=32611. -

This is synthesnsed accordmg to- Standard procedure. 4 usmg L- a]amne ethyl ‘ester- - -

hydrechloride’ (1.000. g,. 6.50- mmol) 4. chlorophenylphosphorodnch]onde 1. 595 g 6. 504'. B

mmol); and TEA {1315 g; 13.00 mmol 1810 pL) mn DCM (20 mL) to y1eld l 794 mg - -
(yield 84.7%) of product.. ‘

7'P-NMR (CDCls, 121 MHz): §'9.54; 9.25. ,
'H-NMR (CDCls; 300 MHz): § 7.44-7.21 (4H, m, OPh) 4:59 O, bs, NH), 4.33-4.13 GH,
m, OCH;CH3+ CHCHs), 1.57-1.56 (3H, m, CH;CH), 1.43-1.21 (3H m, OCHZCf_@

v WOY KATA TEGIZFELE 1E= 21
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PC-NMR (CDCly; 75 MHz): § 14:5, 14.6 (OCH,CH 1), 21.0, 21.5 (C’H;CH) 50.9, 51.2
(CHCH;), 62.4; 62.5 (OCH,CH), 122, 04; 1223 122.4 ('o’, OPh), 1304 ¢‘m’, OPA),
131.9 ('p’, OPH); 1485, 148.6 (“ipso . OPK), 173:0, 173.1 ( COOCH;CHy).

Synthesis: - of

phosphorochlondate
C]éHmClzNO.;P M\V=388 18

Seay

10
This is- synthesised according. to- Standard. procediire 4, ‘'using. L-alanine benzyl ester - :
hydrochloride . (1.000: g, 4.63- mmol), 4-chlorophenylphosphodichloride (1136 g, 463?
mmol), and TEA (937.0 mg;.9.26: mmol, 1290 pL) in DCM: 40 mL); to. yxeld 1534 mg: -
- (yneld 86.5%) of crude product used w1thout further. punﬁcatlon
15 ¥'P-NMR (CDC;, 121 MHz): §9:43,9.16. -
’H -NMR (CDCl3; 300 MHz) 8 7.42-7.08 (9H, m, OPh+ CHzPh) 5:19-(2H; s; CH,Ph),
4:61-4.54 (1H, bs, NH) 426 4. 10°:(1H; m; ‘CHCH;), 1.42-1, 38=(3H,m CH;CH).
”CNMR (CDEls; 75 MHz) 5-20:9, 21.0 (CHyCHY; 51:0;:51.2 (CHCH3), 68.1: -68.2
(OCHzPh) 122.3,122.4 (‘o’, OPh); 128 8,129:1, 130:4:(‘0", “m’, p, CHzﬂz_+OPh) 131. 9
200 (‘ipso’, CH:Ph),: 1353 ¢p., OPh); ]48 5 (& lpso -OPh), 172.7,, 172 8(§OOCH2Ph)
Synthesis:of phenyl- =(methyl- 2-ammo-2 methylpropanoate)—phosphorochlondatc
CnH,SClN()d’ MW=291.67. .
25
0
Wl WoAT A 15&,3&15 L5= 24

4-1‘1Aitrop']iehjzh'(.b‘e‘ﬁ'zi?i&ﬁrﬁiﬁb&lr'net'-hyll‘pr'op.anoate)-' e
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This is synthesised: aécording to Stan'd‘ar'd‘ pr’o*cedure?-' using 2- aﬁlihoisobutyréte methyl -
ester hydrochloride (583 5 mg, 3.75 mmol), pheny] dnchlorOphosphate (79£.1 mg, 3.75,

560 pL), and TEA (758 9 mg, 7.5 mmol, 1045 pL) in' DCM (20 mL), to yxeld 1.041 g

(9s. 2%)-of crude product used without funher punﬁcanon

10

20

‘J'P-NMR (CDCls; 121 MHz): 8.7.02 (s). -

IP-NMR (CDCl3, 121 MHz): § 6.99 (s).

'H-NMR (CDCl3; 300 MHz): § 7.41-7.17 (SH, m, OPk), 4:98 (1H, bs, NH), 3.80 (3H, s,
OCHj), 1.71-1.69.(6H, 2s, [CH;3],C). _ |

BC-NMR (CDCly; 75 MHz): 8 27.3, 272, 27. 0/([CHs12€); 53.6 (OCHs); 58:8 (C[CH3L),
120.0,121.1 (‘o* OPk), 12622 (p’, OPh) 1303 ('m’, OPh) 145.7 ('p’, OPh), 150.2, 150.3
(Yipso”, OPh),175.6, 1757(COOCH3)

Synthesis.of phenyl (ethyl-Z—ammo—Z methylpropanoate)—phosphorochlondate
C]2H|7C1NO4P MW—305 69. -

This.is: synthesnsed accordmg to Standard procedure 4, usmg 2- ammmsobutyrate ethyl - -
ester hydrochlonde (628 6 mg, 3.75 mmol), phenyl dnchlorophosphate 7911 mg, 3:75,.
560" pL); and TEA" (758.9'mg, ;15 mmol, -1045 pL) in. DCM- (20 mL) to- yxeld 1.018 g )
(88.8%) of crude product: used. wnthout further punﬁcanon A

H-NMR (CDCly; 300 MHz): § 7.23-7.37 (SH, m, OPh), 4.98 (1H;.bs, NH), 4.24: 2H, q,
3J=7.1 Hz, OCH,CH3),1'70; 1.68 (6H, 25, [CI_13]2C) 130(3H L= Hz, OCH2C]_13)
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BC-NMR (CDCl3; 75 MHz) $ 14.5 (CH;CH,0), 27, 3 26.9 ([C’H3]2C) 58.7 (g[(:H;]z)

T 62.7 (OC’H;CH3) 121 1, 121.0 (‘o’ OPh) 1276 (p OPh) 130:7 (‘m’, OPh), 150.4
(‘ipso’, OPh),. ]75 271757 (QOOCH2CH3)

5 Synthesis:of phenyl-(benzyl-2- ammo-z methylpropanoate)—phosphorochlondate
C17H1sCINO;P; MW—— 367.76..

This is synthesised according to Standard: procedure. 4, using. 2-.aminoisobutyrate benzyl:

10 ester hyd'roclﬂoridé (861.4 mg,.3.75 mmol), phenyl. dichlo;ophosphate (791.1.mg, 3.75,.
560 pL), and. TEA .(758.9 mg, 7.5-mmol, 1045 uL) in'DCM (30 mL). The crude was. .
purified” by. flash. cliromatography. (ethyl: acetate/petroleum- ether 6-:4); affordiing';580. mg -
(42.2%) of oil. ' A
3P-NMR (CDCl;; 127 MHz) 56.79 (s) .

15 'H- NMR (CDCl;; 300 MHz): 3 7.45-7:27 (10H,.m, OPh+CH2__) 5:28:(2H;.s; CH,Ph),

481, 4.78(1H; 2bs, NH), 178, 1.75(6H, 2s, [CH]C). . | |
BE-NMR: (CDCls; 7'-5:~MH‘2)' § 27.3, 26.9- ([CH5]E), 53.9. (CICH3}o); 60.9 (CH2Ph), 121.0,
126.3; 128.6; 129.0,-129:1,.130.3, 135.5 (OPh CHﬂ) "135.5: (“ipso’, CHpPh), 150.3,. .+
150.2°(“ipso”, OPh); 175.0, 175. 2( COOCHzPh)

20

Syntheéns o .. of -. . '4:-'nvi'trophenx!.-,(mgt!jyl'-z;a-nﬁpoé;Zi-,methylpfopanoate).a T
phosphorochlondate . o ‘ ' -
C1 1 Hi,CIN; O¢P; v W—336 67
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This is synthe51sed accordmg to Standard procedure 4, usmg 2-aminoisobutyrate methyl
ester hydrochlonde 290. Omg, I 89 mmol) 4- mtrophenylphosphod1chlonde (483.3 mg,
1.89 mmol); and TEA (382. 5 mg, 3.78 mmol, 526 9 pL) in DCM (15 mL), to yield 486 mg
(yield 76.4%) of crude product used: w1th0ut further punﬁcahon

'H-NMR  (CDCl3; 300-MHz): & 8.25 (2H, d ; *J=9.0 Hz, OPh), 7.43 (2H, d; *J=9.0 Hz, f
OPh), 4.91-4.87 (1H, 2bs, NH), 3.79-(3H, s, OCH}), 1.69-1.66 (6H, 2s, [CH;],C).

C-NMR (€DCls; 75 MHz): §27.0, 27:1, 27.3 ([CH;),C), 53.8.(OCH3), 59.2 (C[CH3}y),.
121.7, 121.8 (‘o' OPh), }26.2 (‘m’, OPh), 145:7-('p’, OPh), 154.8, 1547 (‘ipso’, OPh),
175.4,175.6 ( COOCH3).

Synthesns of 4-nitrophenyl-(ethyl-2-a mmo—2-methylpr0panoate) phosphorochloridate. -
C12H6CIN, 0P, MW=350.69. -

o

/\OJ><NH

ThlS is- synthesised” according to- Standard procedure 4; using’ 2- ammonsobutyrate cthyl
ester hydrochlonde (270:0 mg, 1 61 mmol), 4-mtrophenylphod1chlonde (412.3 mg; 1.61
mmol), and TEA (325.8 mg, 322 mmol 448, 8 pL).in. DCM (15 mL); to. yleld 500.-mg

YP.NMR (CDCly, 121 MHz): §6:64 (s)

LI .00 5 AN R ALY S S
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Synthesis of . 4-chlorophenyl-(methyl-2-amino-2-methylpropanocate)- -

Nad
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86 4
'"H-NMR (€DCly; 300 MHz): § 8.35 (2H, d, *J=9.0 Hz, OPk), 7.53 (2H, d, 2J=9.0 Hz, o
OPh), 4.99-4.96 (1H, 2bs, NH), 4.34 H, q,. J=7.1 Hz, ocr_rzcns) 1.79-1.76 (6H, 2s," )
[CH;3)2C), 1.40:(3H, t, 31-7 1 Hz, OCH,CHy)— |

BC-NMR (€DCl3; 75 MHz) §-14.5 (OCH,CHs),-27.0, 27.3- ([CH3,C), 59:1, 59.2°

(CICH;],); 62.9, 63.0- ( OCH,CH3), 121.7, 121.8 (‘0" OPA), 1262(m OPh), 145.7 ('p
OPh), 154.7, 154.8 (‘ipso’, OPh), 175.4, 175.6 ( COOCH,CH).

Synthesis -~ __of ____ 4-nitrophenyl-(benzyl-2:amino:2:-methylpropanoate)_ __—__ _

phosphorochloridate.
C]7Hv] s:ClN'zo(;P, M\V=412;76.

i .
CI—P—0: O 0,

o

This is synthesised according.to Standard procedure 4, using -2'ami'noisobutyraté benzyl
ester hydrochloride (578 mg, 2.52 mmol); 4- nrtrophenylphosphodrch]onde (645- mg; 2 52
mmol), and TEA (510 mg, 5.04 mmol, 702:5-pL) in DCM (20 mL) 1o yield' 936 mg- (yre]d--
90. 0%) of crude product used without further punﬁcatron |
YP-NMR (CDCls, 121 MHz): 5 6.56.(s) .

"H-NMR (CDCl3; 300 MHz): & 8.29 (2H;, d; ?J=9.0°Hz, OPh), 747 (2H, d', *J=9-0:Hz,
OPh), 7.40-7.37 (5H, m, CH2Ph), 5.27 (2H; s, CHgPh), 5.04-5.01 (IH 2bs, NH) 1.77-1.74
(6H, 2s, [CH3;0). .
'3C -NMR (CDCI3, 75 MHz) $-27.0, 27.3, ([CH;]ZC) 59.2 (C[CH;];) 68 5 (OC’HzPh) -
121.6, 121. 7 126.2, 128:6, 129:1, (lo’, ‘m’, ‘p’, CHiPh+ Q_'),.l‘3,5‘.7 (‘ipso’, CHyPh); -
145.7 ('p’, Oﬂ), 154.7, 154.8 (‘ipso’, OPh), 175.8, 175.9 ( COOCH,Ph).." | o

phosphorochloridate.
Ci1iH,CIhNOP, MW=326.11 . .

15 15= 21
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This is. synthesxsed accordmg to Standard procedure 4 usmg 2- ammmsobutyrate methyl-

5— ester*hydrochlonde 280:0-mg;t: 8—2—mmoi)'hhtoropherrylphosphomc}ﬂonde‘(m 4 mg——-— —
'1.82’'mmol), and TEA (368.3 mg, 3.64 mmol, 507.3 uL) in DCM- (20 mL), to:yreld 554 mg

(yield 91.1%) of crude product used without further purification.

S'P-NMR (CDCl3, 121 MHz): § 7.05 (s)

'H-NMR-(CDCls; 300 MHZ): 5 7.38 (2H; d, 37=9:0 Hz, OP. _) 7.28-7.24 (2H; 24, 3J-9o ;
Hz, OPh), 4.87-4.83 (1H, 2bs, NH), 3.84 (3H, s, OCHj), 1.73-1.71 (6H, 2s, [CH;);C).

BCNMR (CDCls; 75 MHz): §.27.0, 27.3; ([CH31,C), 537 ( OCH3), 58.9 (C[CH3}), 122:5
(‘o’, OPK), 1297 (‘m’, OPk), 131.8-(‘'p", OPk) 1487, 148.9-(‘ipso’, OPh), 175.5, 175.7

15

(COOCH3).
Synthesis : of 4;éhlorophényl'—(‘éth')‘-'l'..;Z-a'minO'_-Z’-.meth:ylpr’op:inoate)r
phosphorochloridate. . o '

€;2H;6C lzN’Q.g_P-_’,' M.W.=340 . ]?4".

ThlS 1s synthesised. accordmg to: Stamlard procedure 4 usmg 2- ammoxsobutyrate ethy]

ester: hydrochloride (293.4 mg, 1.75 mmol) 4. ch]orOphenylphosphoduzhlonde (430 0 mg, .
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1.75 mmol); and TEA (354.2 mg, 3.50 mmol, 488.0 pL) in DCM (15 mL), to yield. 571.7
mg (yield 96.1%) of crude product used'wit.hout:ﬁxriher.pﬁﬁﬁéﬁﬁoﬂ.
Y'P-NMR (CDCly, 121 MHz): 8 7.09 (s)- - ST
'"H-NMR .(CD€ly; 300 MHz): & 7.38 (2H, d, *J=9.1. Hz, OPh), 7.26 (2H, d; 3)=0:1 Hz,
5 OPh); 4.88-4.84 (TH, 2bs,-NH); 4:29 (2H, q, *J=7.1 Hz, OCH;CH,), 1.74-1.70-(6H, 2s,.
[CHIC), 1.35 3H, t, *<7-1Hz, OCH,CHy).
BC-NMR (€DCl5; 75 MHz): 8 14:5 (OCH,CHy), 27.0, 27.3 ([CH31,C), 58.9° (CICH3)y),
‘ . 62.8 ( OCH,CHs), 122.5 (‘o’; OPh), 130.4 (m OPh) 131.8 ('p’, OPh), 148.7; 148.8
_____ —_ —Hpso——@Ph)—HS—l~l—75~3—( COOCH;EHy)—— e i = = e
10

Synthesis . of 4-chlbrophenyl'-(b_enzyl-i—amino-l—m_ethylprop_anoate)-
- phosphorochloridate. ' ‘ '
C17H,3C1LNOP, MW=402.2]. i
15 ' : :

|
|
This 1s- synthesised- according to- Standard procedure 4,.using 2-aminoisobutyrate benzyl. =
‘ . 20- ester hydrochloride (402'0 mg, 1.75 mmol), 4- ch’iofophen'ylphosphodich'lbn'de (430 mg,... * -
175 mmol), and. TEA (354:2 mg, 3.50¢ mmol 488 0 pL) in:DCM+(15'mL), to-yield 657 9.

mg (yield 93:5%) of crude. product used-without. funher punﬁcatnon
| *'P-NMR'(CDCls, 121 MHz): 7.0 (5) |

lH NMR (CDGC};;.300 MHz): & 7.39-7. 12.(9H, m, CHzPh+ Oﬁ) S5:18 (2H s; CH Ph), - -
25 4.75:4.72 (JH, 2bs,NH), 1.68-1:65 (6H, 25, [CH3):C).

BC-NMR (CDCl; 75 MHz): 8 27.0, 27.3, ({CH;3):C), 59.0 (_Q[CH_?,])), 68.4 ( OCHzPh), ,

122:5, 128.6; 129.1, 130.7 (‘o’, ‘m’, 'p’, CHaPh+ OPh), 131.8 (‘p’, gHzPh) 1'3.54 (p, -

OPA), 148.6, 148.7 (‘ipso’, OPK), 174.9, 175.1 (COOCH,Ph). o
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Syn-thesis«- ~.of -(tnﬂuoromethyl) -phenyl- (benzyl 2-ammo-2 methylprop:moate)— :
phosphoerochloridate. - ’
5 €isHisCIF;NO,P; MW=43576.

This is synthe51sed according to Standard procedure 4 usmg 2- ammoxsobutyrate benzyl

10 ester hydrochlonde .(341.0 . mg, - 1149 -mmol), 4-(tnfluoromethyl)-phenyl- -
phosphodichloridate. (414.3 mg, 1.49 mmol),.and TEA (300.5 ing, 2.97 miol, 413.9 uL)in -
DCM (15 mL), to “yield 623.9 mg- (96.4%) of crude product used. without. furthier -
purification. - ‘
IP.NMR (CDélQ,' 121 MHz): 8 6.74 (s)- _

15 'H‘-‘NMR (CDCl3; 300 MHz): & 7.66- (2H, d, >/=8.8- Hz, OPK), 7.42-7.30 (.7'ia, m,. -

OPA+CH;Ph); 5.25'(2H, 5, CH;Ph), 4.95-4:91.(1H, 2bs, NH),-1.75:1.72 (6H, 25, [CH3}C).

BC-NMR (CDCl3; 75 MHz): 26.9, 27.0, 27.3. ([CH3:C),. 59. 1 (CICH3);), 68.4:(CH,Ph), o 1.1

' - 1211, 121.4; 1277, 1284, 128.5,.128.6, 128:9 (“0’, ‘m’, ‘p’, OBK+CH,Ph), 1242 (CFy, = - .
J=265 Hz), 135:4 (‘ipso ’,.CHzﬁ),_l‘SZ_L.6,.152:7 (‘ipso’, OPA), .1'7439;;]75§0A(_C'O.O€H-2Ph)..‘, o

20 - - | | |

o Synthesns of Pheny}- (methoxy-a,a cycloleucmy])—phosphorochlondate

C13H;7CINO4P -MW=317.70:
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This is synthesised according to Standard procedure 4, using methyl-1-amino-1- : |
cyclopentanoaté. Hhydrochloride saItA-(O 885 g,.5.01 mrnoi); phenyldichlorophosphate (1.12 —. ;

g, 0.749 mi, 5 01 mmo]) and TEA (1.4. ml 10 mmol) in DCM (40 mkL); to yield 1.266 g -

5 (81%) of crude product used without further purification. -

| P-NMR (CDCl;, 121 MHz)-: 67.90.- - |

i 'H-NMR (CDCL5; 300 MHz): & 7.4-7.2 (SH; m ,OPh), 4:3 (1H, bs, NH),.3.75 (3H, 2s,.
OCHy), 2.15 (4H m, 4Hicyclopemane) 1.9- i 7 (4H,m, 4H c‘yclopemane)

10 53.3, 53.2. (gH30) 666( g cyclopentane), 1211, '121.0 (o’ OPh), 126.3 (p OPh)
130.3, 130.2 (‘m’, OPh), 150.2 (‘ipso’, OPh), 174.8 (COOCH;).

Synthesis of Phenyl- (ethoxy—a,a-cyclo]eucmyl)—phosphorochlondate
Ci4H;9CINO;P, MW=331. 73: , '
15 _ ‘ : i

Th]S is' synthesised accordmg to . Standard procedure: 4;. using ethyl I-amino-1-
cyclopentanoate hydrochlonde salt:(955 mg, 5.0 mmol), .phenyldichlorophosphate (1.12g, =
20 5.01 mmo] 749-puL), and TEA (1.4 mL, 10.02 mmol) in DCM (40 mL). The:crude was -

_purified by flash chromatography (ethyl. acetate/petro]eum ether. 7: 3) affording 1.457 g -
(89%)-of oil.

YP-NMR (CDCls, 121 MHz): 88.04,797. - . -
'H-NMR (CDCl3; 300 MHz): & 7.4- 7.1 (SH, m, OPh) 4.7 (H, bs; NH), 4:2.(2H; 2q;

.25 S=71 Hz, OCH,CHjs), 2.15 (4H, m, 4H cyclopentane) 1.9- }7 (4H m, 4H cyclopentane) ;-
1.30.(3H; t,°J=7:1 Hz;, OCH,CH)). ‘

“C-NMR (CDCl3; 75 MHz): § 14.5 (CH3CH,), 24.5 (2(:}112 cyc]opent) 38.8, 38.7, 38:6,
38.5 (2CH; cyclopent), 62.0_CH3CH,), 68.3.(C cyclopentane) 120.9 (‘o OPh); 126.3"
(‘p’, OPh), ]303(m OPh), 150.:3- 1502(1pso OPh) 174.9- 1748(QOOCH2CH3)

vl
b

Ped

d
k)
s}
™y
o
~
1:-»
-
=]
[
f
(0
L
P _\
)
[N
%y
|-v--‘ﬁ




WO 2005/012327 : PCT/GB2004/003148

91

Synthesis. of Phenyl- (benzoxy-a a~cycloleucmyl) phosphorochlondate
Ci9H3CINOP;MW=393:80.

This is. -synthesised éccording to Standa'rd:v. procedure 4, using benzyl-1-amino-1- .

cyclopentanoate hydrochloride salt (0.984 g,,3.84 mmol), pheny]-dichlorophosphate (0.577

ml, 3.834 mmol), and TEA (1 08 mL; 7.69 mmol) in DCM (30 mL), to yxe]d 1.485 g (98%)
10° of crude product used without further-purification. ..

YPNMR (CDCls, 121 MHz): § 7.85

'HNMR (CDCl5;'300 MHz):.67.3-7.0 (10H, m, OPh+CH2Ph) 5.2/(2H, s, CH,Ph), 4.95-
4.65 (1H, bs, NH); 2.25-21 (4H, m, 4H-cyclopentane), 1.9-1.7 (4H; m, 4H:cyclopentane). -
. PE-NMR(CDCl3; 75 MHz):" & 24.4, 243 (2CH; cyclopent), 38.8; 38.7, 38.5' (2CH,
.15 cyclbpent) 67.3. (Cg_cyclopentane), '68.0 (CH,Ph), 121.0. (‘o’ OPh), 126.4: (‘p’, OPh);
1301 129:0, 128.8 (‘m'OPh; CH,Ph), 1354 (‘ipso’, CHzPh) 150:1 (“ipso’, OPh) 1734 (-
COOCH,Ph).

‘Synthiesis of p?ﬂuoyophenyl'-.(mefﬁoxy-a,a-cyclol'éu ci'n){ﬂl:)--p_hosphoroclil'orid,at‘_c»._-. L
20 Cj;3HicCINO,P, MW=335.70:. '

“This 1s synthesxsed according to. Standard procedure 4 “using methyl-1-amino-1-

25 cyclopenta_noate hydroch]onde “salt. (0. 885 g,‘ 5.01 - mmol), para- o
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fluorophenyldichlorophosphate-(1-21 g, 5.01 mmol), and TEA (l 4 m] 10 mmo]) n DCM

(40 mL), to yield-}.65 g (99%) of crude product used w1thout further punﬁcatlon

3'P_NMR (CDCl3, 121 MHz): 58.61:

'H-NMR (CDCl3; 300 MHz): 6 1.3-7.2 (2H, m OP_) 7.1-7.0 (2H 'm ,OPk), 4.7 (1H, bs, |
5 NH), 3.78 (3H 2s,. OCH_) 225 2:15 (4H, m, 40 cyclopentane) 2.0-1..8-(4H, m, 4H ' ‘ i

cyclopentane)..

3C.NMR (CDCl;; 75 MHz)! §24:4 (2CH; cyclopent), 38.7, 38:6; 385 (2CHj cyclopent), . -~

533 (CHs0),- 66:3-66.2 (Cg- cyclopentane), 117.1-116.8 (‘o” OPh), 122:6-122:5 (‘m’,

__ ___OPh), 146.1-145.9:(ipso’, OPh), 159.0 (‘p’, OPh); 175.3-175.2.(COOCHs). . _ _ __
10 ' ' |
Synthesis of p-fluorophenyl-(ethoxy-a,a- cyc}oleucmyl)-phosphoroch)ondatc. -
C1H13CIFNO, P, MW=349.72.

F»_»@J_c.;

: O.

15 .
This is sym}.lesisedf according' to Standard. procedure 4; using ethyl:1-amino-1-
cyclopentanoate  hydrochloride.  salt (955 | mg, 501 mmol), para- .- -
ﬂuorophenyldich]’oroph'osphat.e' (1.21g, 5.01 mmol), and: TEA (1.4'mL, 10.02. mmol)-in - .-
D‘CM'(40 mL), to yield1.64°g, (94%) of:crude ;?r?)duct,used. withou_t,.:ﬁlﬁher purification.

20- *'P-NMR.(E€DCl,, 121'MHz): 3 8.70;
'H-NMR (CDCl3;: 300MH2) 673 7.2 @H; m; OPh) 7. 1-7.0.(2H, m, OPh); 4.8:(1H, bs,”
NH), 4.2 (2H; 2q,3J=7] Hz, OQH;CH;) 2.25:2.1-(4H; m, 4H cyclopentane) 2 0-1.8 (4H
m; 4H- cyclopentane) L4(3H; 1, 3J=7:1Hz, OCH,CH}). - ‘
BE:NMR (€DCli;. 75 MHz):. 5 14:4 (CH;CHz) 24.4. (2(:1412 cyclopent), 38:8; 38.7,:38.6;

25" 385 (2CH2 cyclopent), 62.3- CH;CHz) 68 3 (_g_cyclopentane) ]]74 117 0 ( o’ OPh)
122.7,7122.6 (‘m’,” OPh), 146._1, 14_6.0 (‘ipso’, OPh) Al,5_9.0 ,_( - OPh), 1749
(COOCH,CH;).. o B -
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Synthes:s of p-ﬂuorophenyl (benzoxy a‘a“ cyc]oleucmyl) phosphorochlondate
CysHCIFNOP, MW= 411.79.

F—.— 0—2;0

This is syntheésiséd according to ﬁ_&ridar'd’.pﬁcahg 4 Gs_uﬁ benzyl-f-amino-1-
cyclopentanoate Vhyd‘ro_chlqride " salt ('1.28"1"' .g& 5.01 mmol), ﬁara—ﬂuorophenyl—
dichlbrophosphate-(l.Zl g; 5.01 mmol), and TEA (1.4 mL, le.r'nmol) in.DCM (40'mL), to
H yield 1.85 g-(90%). of crude product used without further punﬁcanon
10 »'P-NMR (CDCls, 121 MHz): 57.85.
'"H-NMR: (CDE€ly; 300 MHz): 3 7.65-7.4 (SH, m, CH,Ph), 7.3-7.2 (2H, m, OPh),.7.1-7.0
(2H, m, OPh), 5.2 (2H, s,- CH;Ph), 4:6 (1H, bs, NH), 42.2'.-_2.1.'_ (4H, m, 4H cyclopentane),
2.0-1. 8 (4H m, 4H cyclopentane). —
Bc NMR (CDCl3; 75 MHz):" & 24.5. (2CH3 cyclopent), 389, 388 38:6,. 38.5: (7CH; .
15 cyclopent), .68:1. (Cg.cyclopentane), 68.4 (CH;Ph), 117.0, 116.8 ¢ ‘o-' OPh), 122.6; 122.5°
- - (‘m’OPh) 129:1, 129.0, 128.8, 128.7°(CH,Ph);.135.7 (‘ipso’, CHyPh), 146.1, 145.9:(‘ipso’,.
OPh), 159.0 ('p’, OPh), 174.6:(COOCH,Ph). '

~ -

20 - Synthesis:oﬁ.p.-n‘itzquphen_y.l-.‘(meth'oxy-a;q_-cyclo!gq,cihyl),-phqsphoxj,o;chlor;’date:. e
C13H16CIN, 0P, MW=362:70: - |

25 This is synthesised--according to - Standard procedure 4, using methyl-T-amino-1- -
cyclopentanoate . hydrochloride salt  (0.885 g 5.0L ‘mmol), 'pz;ra{
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nitrophenyldichlorophosphate (1.632 g 5.01 mmol), and-FEA (1.4 ml, 10 mmo]) n DCM
(40 mL), to yield 1.601 ‘g (90%) of crude product used without further purification.
3'P.NMR (CDCl3, 121 MHz): § 8.02. |
'H-NMR (CD€l5; 300 MHz): §8.2.(2H, 2d, >J=8 Hz, OPA),:7.32 (2H, 2d, *J=8 Hz OPh),
5 4.9 (1H, bs, NH), 3.71 (3H, s, OCHy); 2.25:2.00 (4H; m, 4H cyclopentane), 1.95-1.7 (4H, '
m, 4H cyclopentane).. o )
PC-NMR (CDCly; 75 MHz): 6 243 (2CH; ‘c):/clope'rit)' 38.7, 38.6 (2CH; cyclopent), 53.3
(CH30), 68.6 (Cg: cyclopentane), 121.8, 121.7 (o’ OPh), 1260 (‘m’ OPh) 145.6 (‘ipso’,
_ _f;__ozh), 154.8, 1547 (p’, OPh), 175.1:175.0 (COOCH;)._ S
10

94

Synthesis of p-nitrophenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate.
C14Hi5CIN, 0P, MW=376.73.

0.

15
This s synthesised’ according to Standard procedure 4, using efhy]‘--li-amino-l-‘- e
cyclopentanoate: . hydrochloride  salt - (955. . mg; . 5.01 ‘mmol); para-
nitropheny]dich]drophosbhate:(1'.3'62- g,.jSLOAI,'rrvxmo]), and TEA (1.4 mL, 10.02- mmol) in
DCM (40 mL), to yield1.669 g (90%) of érude product uﬁed'without' further purification.
200 3'P-NMR (CDCl3, 1 21'MHz): 8.7.95. _
"H:NMR (CDCl;, 300-MHz):-5 8.1. (2H 24, 3.1-8 Hz, ORh), 7.28 (2H; 24, ’J=8.Hz OPh)' s
48 (1H, bs, NH); 4.2 (2H 2q, 3./—7 1-Hz, Og_]i_gCHg), 2:2- 2 0(4H, m, 4H. cyc10pentane) K
- 1.95-1.7 (4H, m, 4H 'cyclopentane), 1.27 (3H £ 3.]—7 1 Hz OCHz_i) _
Be. NMR! (CDCl3; 75 MHz):8 14:4: (QH;CH:) 244 (2CH2 cyclopent) 38.8, 38.7 (2CH2 e
25 cyclopent); 62:4. CH;CH,), 68.5° (_q_cyclopentane) 121 8, 121.1 (o OPh),. 1261, 125 9
(‘m’, OPh), 145.6 (‘ipso’, OPh), 154.8.('p’, OPh) 174.9 (COOCH:CH;)

1P0 KOLKATA 16832015 15+31
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Synthesis of p,—riitrophenyla(be‘nzoxy-d-,a-cycl’oleuci’nyl)—php’spli orochloridate.
C19H;3CIN; OgP, MW= 438.80.. - - '

OzO—IILH—O

This Is synthesised according to Standard ﬁfocédu;é 4,' “using benzyl-l-amino-1- -
cyclopentanoate - hydrochloride salt (0.835 g; 325 mmol), p'ara-rﬁtrophenyl-
dxch]orophosphate (0.85 g, 3:25 mmol), and TEA (0.91. mL, 6.7 mmol) in DCM: (30'mL),.
to yield:1.215 g (85%) of: crude product_used- wnhout further purification.
10 *'P-NMR (€DCl;, 121 MH2): 5 7.99, 7.90.
'H-NMR: (CDCly; 300 MHZ): § 8.1 (2H, 2d; *J=8 Hz, OPk), 7.4-7.2 (7TH, m, OPAh+
CH,Ph), 5.18(2H, s, CH;Ph), 50 (1H, bs, NH);.2.2-2.0 (4H; m, 4H cyclopentane), 1.95-
1.75 (4H, m, 4H cyclopentane): - A
BC-NMR- (GDCl3; ‘75 MHz): 8§ 24.4- (2CH; cyclopent), 38'8"‘ 38.7, 386, 385, (2’CH'2'
15 cyclopent); 68.0 (_C_'I~12Ph) 68.6. (Cg.cyclopentane), 121 8 121.7 (‘o' OPh),. 126.1, 125: 9
( m’OPh) 129.1, 129; O 128.8,7128.6 (CH2Ph); 135:7 (‘ipso’, CHzPh) 145:6 (“ipso’, OPh); -
154.8, ¥54.7°('p’, OPh),.174.5, ]744(COOCH2Ph) ‘

N - R

20 Synthesis-of p-chlorophenyl: (methoxy—a,a-cyc]oleucmyl)—phosphorochlondate
€)3Hi6CLNO4P, MW=352.15..

Cr—QfO?T’,’;—.'G_"
- L. NH :..
MeO -

25 This 1s synthesised according to Standard procedure 4, using methyl 1- ammo 1—

cyclopentanoate hydrochlonde salt (0. 443 g 2,5 : .mmOI)s para-
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chlorophenyldichlorophosphate (0.613 g, 2.5 mmol), and TEA (O 7 ml, 5 mmol) in- BCM~
(20 mL), to yield 0.852.g (98%) of crude product used wnhout further punf cation.
JP-NMR (CDCE, 121 MHzZ): 6 9.55, 9.5.

'H-NMR (CDCl3;.300:MHz): 3.7.35-7.15 (4H, m, OPh); 4.95 (1H, bs, NH), 3.78 (3H, s,

5 OCH;),.2.2-2.00 (4H, m, 4H cyclopentane), 1.95-1.7 (4H; m, 4H cyclopentanc).

BCNMR (€DCly;, 75 MHz): & 24.3 (2CH, cyclopent), 38.7 (2CH, ¢yclopent), 53.3
(CH30), 68.6 (€g_cyciopentarie), 122.0 (‘o OPh), 130.1 (‘m’,. OPh), 133.2 (‘p’, OPh),
149.9 (‘ipso’, OPh), 175.1-175.0 (COOCH;). -

10 Synihesis:'df'p&h]brbphenyl-(eth6xy-a,¢cycloledcinil)—phdsphor'och]ori;d‘ate-. T
C|4H]8C]1NO4P, MW=366.18. C b

: o—< >— o—h—ci. N
' NH: : o
EtO

15 This is synthesised according to .Standard. procedure 4, using: ethyl-1-amino-1-
cyclopentanoate. hydroch'l'on:de-.. salt”  (0.477 : 8. 25 ' mmol),  para-.
chlorophenyldichlorophosphate (0.613 g, 2.5 mmol), and TEA (0.7 mL,. 5 inmol) in DCM
(20-mL), to yield 0.880 g(97%) of crude product used” wnthout further punﬁcanon
3P.NMR (CDCls, 121 MHz): 8 9. 85,9.70. .

20 'H-NMR (€DCl; 300°MHz): 5 7.35-7.15 (4H; m;, OPh), 4.9 (1H, bs, NH), 4.22.(2H; 2q, o
3=7.1 Hz, OCH,CH3); 2.2:2.0 (4H, m, 4H cyclopentane) 1.95-1.7 (4H, m, 4H. -

_cyclopentane), 127 (3H, t, *J=7 Hz, OCH,CH)). ‘ |
3C-NMR (CDCl;, 75 MHz): & 14. 4 (CH;CHy), 24.4 (2CH2 cyclopent), 38:8,38.7 (2CH; °
cyclopent), -62:5, 62.4: CH3CHy), 68} (__g_cyclopentane) 1222 ]22 1 ( " OPh), 130.1

25 (‘'m’, OPh), 1332 ('p’, OPh), 149 8 (‘ipso’, OPh) 174. 8 (QOOCH;CHg) |

Synthesis of ‘p-chloroph_eny.l-_(be‘nzoxy-q,a,-cyclol,euci_nyli);—pho‘spho'rochlorid'atg; o
0 CisHCLNOP, MW= 428.25. . '
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This is. synthesised. according to Standard’ ‘procedure’ 4; using ‘benzyl-l-amino-1-
cyclopentanoate- “hydrochloride salt (0;64'OA' g, 25 - mmol); 'para-ch]orbphen.yl:—
5 da-ichlbropho'sphatev (0.613: g, 2.5 mmol), and TEA (0.7 mL, S-mmiol) in DCM (20.mL), to
yield 041 g(97%) of crude product used without further purification.- -~~~ ~ .~ ~— — T
3'P_NMR (CDCl3, 121 MHz): § 9.39, 8.95.

'H-NMR (CDCls; 300 MHz):.577.4-7.15 (9H, m; OPh + CH2Ph), 5.20 (2H, s, CH;Ph), 5.0
V (1H, bs, NH), 2.2-2.0 (4H, m; .4H cyclopentange), ].95-1'.75‘ (4H, m, 4H cyclopentane). |
10 "C-NMR (CDCl3;75 MHz):°6 24.4 (2.Ci-]z cyclopent), 38.8, 38.7, 38.6 (2CH; cyclopent),..
68.1, 68.0 (CH,Ph), 68.2 (Cq_cyclopentane), 121.9;.121.8 (‘o’ OPh), 130.5,.130.4, 129.3, . .
129.2 (‘m-’OPh:, CH;Ph), 133:2 (‘p’, OPh),. 135.7 (‘ipso’, CH,Ph), . l49.9‘(‘ips"o~’,_?OPh),
1743, 174.2 (COOCH,Ph).. '

15.

Synthesis-of p‘-triﬂuoropheny]-(m'ethox&r-d,‘a-cyéldleu'cinyl)-phospho-'r'-ochl‘(’)rida'te;-
C14H3CIF3NOP; MW=385.70.

o Oerte

MeQx

20

* This" is synthesised according to Standard- procedure 4; using. methyl-1-amino-1-
cyclopentanoate - hydrochloride-  salt :(0.'4.4":3- _ ',g,’ 2.5 mmol);. . para- -

trifluorophenyldichlorophosphate-(0.700 é, 2.5 mmol), andTEA 0.7 m.]:,.S‘ mmol) inDCM.

(20'mL), to yield 0.931 g (97%) of crude product used wit_hout‘_ﬁxrthe‘r‘puﬁﬁcz_xt,ion. |

25 3'P-NMR (CDCl, 121 MHz):  8.80, 8.62.
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'H-NMR (CDCls; 300 MHz): & 7. -65A('2H, 2d,*J=8 Hz, OPh), 7.35 (2H, 2d, >J=8 Hz OPh),
5.02 (1H, bs, NH), 3.78- (3H s, ocz_@ 2.25-2.05 (4H, m, 4H cyclopentane), 1.95-1.7 (4H,
- - m, 4H cyclopentane).. ' . .
C-NMR: (CDCl;; 75 MHz): 5 22,;8~‘(2CH*2,cyclopem;), 37.5, 37.2 (2CH, eycropeﬁi)-,. 51.5
5 (CH30), 68.4'(Cq cyclopentane); 120.0 (‘0’, OPA), 124.8 (d, J=270Hz, CFs), 1266 (‘m’,
 OPH), 129.5 ('p'q., I=32Hz, OPH), '1'5-2.;8 (ipso’, OPh), 175:2 (COOCH).

_ ____ __ __ _ Synthesis of-p-trifluorophenyl- (ejhoxy-a,a:c;acloleucmyl);phosphorochlondate,_ ST
' 10 C15H13C1F3N04P MW=399.73. ' "

e
NH -

- . 0]

This is. synthesised according to Standard. procedure 4, using ethy]-’]#aminoalg
I5 .cyclc'>pentar'1‘oatex hydrochlonde - salt (0477 g;;.‘ .2.5 . mmeol),. para-
. trifluorophenyldichlorophosphate (0.700 g, 2.5 mmol); and TEA (0:7' mL, 5 mmol). in - .
. DCM (20-mL), to yield 0.950 g (89%) of crude product xused without-further. punf cation..
*IP-NMR (CDCl3, 121 MHz): & 8.49.. ‘ . |
'H-NMR: (CDCl3; 300 'MHz)' 8 7.45 (2H, m,-OPh); 7.2 (ZB ‘m, OPh), 5.12 (1H;.bs, NH), *
20 405 (2H, .m, OCH;CH3), 2. 15 2.0 (4H m,. 4H cyclopentane), .1.9-1.65 (4H, m, 40" -
' cyclopentane) -1.2.(3H, 2, 3J"‘7 Hz, OCH;CH3).. -
BCINMR (CDCI;, 75 MHz) 5. 14 3 (QH;CH;) 24 2, 241 (2CH2 cyclopent), 38.6, 38 S;
38.4 (2CH; cyclopent), 62.0- CH;CHz) 68:4- (_g_cyclopentane) 121.5 (‘o’ OPh),. 125 O G .
J=270Hz, CF3); 127.5('m’; ORh), 129:9 (”p.',q , J=32Hz; OPh), 152._8, 152.7°(ipso’, OPh),- :
25 1749, 174:6 (COOCH;CH3). . ' | N

Synthesis "ofﬂp}triﬂuorop_heny.l_—,(benzo;yfa,a-cycloleuc_inyl)-phqsphoroch)origj’ate.— N
" C2HyCIFsNOP; MW= 461.80. o
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This is synthesised: -according to'-’Smndard—'pmcedzirea 4, using benzyl:1-amino-1-

5 cyclopentanocate. hydrochloride. salt (0 700 g, 2.73 m:hol) para- tnﬂuoropheny]-

dl'chh)rophosph“te (0:75°g;2.73 - mmol); and TEA (0 75 mL 547 mmol)-in DCM(ZTﬂ)~' T
to yield 1.089 g (86%) of. crude product used without further purification.
*'P-NMR (CDCl, 121 MHz): § 9:39; 8.95.
lH'-NMR'(CD'Clg; 300 MHz): & 7.50 (2H; m, OPh), 7.4-7.15 (TH, m, OPh + CH,Ph), 5.20
10 (2H,.s," CH>Ph);.4.95 (1H; bs, NH); 2:2-2.0 (4H; m, 4H.'.cyclo,penfane), 15.95‘--1;;75"(411-‘].‘51 m,
4H cyclopentane). |
'3C-NMR (CDCls;. 75 MHz): §:24.3 (2CH; cyclopent),.38.8, 38:7, 38.6 (2CHj.cyclopent), -
68.1, 68.0 (CH,Ph), 68:2 (Cg:cyclopentane);. 121.4; 121.3 (*0’, -OPh),- 1-2‘5.1-" (d;:J=270Hz,.. - -
CF3);. 126.6:(‘m’,. OPh) 129.2, 128:8; 127.8. (Bn), 129.8 ('p',q:; J= 32Hz O_) 135.7
15 (° lpso CH;Ph), ]53 5(‘ipso’, OPh) 174.5, 174. 4 (COOCH;Ph). -

Syn-thesisiqf Phe‘n&l‘-(mcthoXy-L-phenylﬁl:'minyl)-ph'os-phbrochlo’fidate:
CisH1,CINOZP; MW=353.74. '

20

This is synthesnsed according to.Standard procedure 4, usmg L-pheny]alamne methyl ester

hydrochloride.(1.08 g, 5" mmol),. pheny]dnchlorophosphate (112 & 075 mk' 5 mmol), and "

TEA: (1.4ml, 10-mmol) in. DCM (40.mL), to yleld 1.626 g (92%) of- crude product used
25 without further punﬁcatxon

3P_NMR (CDCl;; 121 MHz) 59. 1 8.95.
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'H-NMR (CDCl; 300 MHz): & 7.3-7.1 (10H, m, CHzPh+ OPh), 5.00 (1H, bs, NH), 4.35
(1H; m, CHphenylala), 3.79 (3H, 2s, CH;0), 3.00 (2H; m, CH,Ph) ,
BCNMR (CDCl; 75 MHz): & 36.3 (CHzphenylalamne) 53.0 (CH;O) 56.6, 565

(CHphenylala), 121.0 (‘o’ OPh), 126:4 ('p’, OPK), 130.2.¢'m’, OPh), 150.2 (‘ipso’, OPh),
5 174.] (COOCHs):

Synthesis. of Phenyl-(methoxy-L leucmyl)—phosphorochlondate
C.3H19CIN04P MW=319.72..

O—Fl’— a

’ NH
Mew

10 . . 0

This: is synth_esis;ed according to. Sta(xdard:))rocedure 4,. using. L-leucine methy] ester..
_ hydrochloride-(0:91 g, 5:mmol), phenyldichlorophosphate (1.12 g; 0.75 ml, 5 mmol), and: -
_TEA (1.4 ml;.10 mmol).in DCM (40-mL),.to.yield. 1.58 g (99%) -of crude product used

15 without further purification. i
3p NMR (ch13, 121 MHz): 9 45.9. 35
"H:NMR (CDCl3; 300 MHz): .8 74#2 (5H, m; OPh), 4.90 (1H, bs, NH), 3:95 (1H; m;
CHCH;CH(CH;)Q, 3.78» (3H;.s, OCH3), 1.8 (1H, m, CHCHz,CH(CHg)z), 1.8-1.5 (2H, m, "
CHCH,CH(CGHs)), 1.0-0.9 (6H, m, CHCH;CH(CH3);). .- . _ -

20 PC-NMR (CDCly; 75 MHz): § 232,231, 224, 22.3%(2('3',' CHEH,CH(CH3),), 249, 24.8 -
(CHCH;CH(CH;);), . :43.6 '(CHCHQCH(CH;};), 532 (€HY0), 537, 536
(CHCHZCH(CHs)z), 120.9 (‘o OPh) 1264( OPh); 130:2.('m?,.OPh), 150.1 (“ipso’,
OPh), 173:6:(COOCH) o |

25

Synthesis of: Phenyl (benzoxy-L Ieucmyl)—phosphorochlondate -
C19H23CINO;P, MW= 395.82.
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This 1s synthes:sed accordmg to Srandard procedure 4 usmg L-leucine benzyl ester
hydrochlonde (1 29 g, 5 0 -mmol), pheny] dxchlorophosphate (l 12 g, 0.75 ml, 5.0-mmol),

5 and TEA (.1»_.4 mL, 10.0 mmol) in DCM. (40»mL),4to y1e]d 1.88-8.(95%) of crude product

o — _ — — used-without-further purification—— — e f—"- ;"j—' - - T T T/t

»'P-NMR (CDCl3; 121 MHz): §9.93, 9.57.
'H-NMR (€DCl;;-300 MHz): & 7:5-7.2 (10H; m; OPh+CH,Ph), 5.2 (2B, 2s, CH,Ph), 4.95
(1H; bs, NH), 4.2-4.1. (1H, m,_CHCHZC-H(CHg)Q), 1.95-1.80 (1H, m, CHCH,CH(CHs)2), .

10-- 1.7 (2H, m, CHCH;C}!(CH;)Z),-.I-LO-OS (6H,.m, CHCH,CH(CH3),). | '
l3C-NMR' (CDCly; 75 MHz): & 23.2, 23.1,-22.4, 22.3 (QC, CHCH,CH(CH3),), 24.9
(CHCH,;CH(CH3);), 43.5 (CHCH,CH(CH3)5), 53:8, 53.3 (CHCH,;CH(CH;),); 67.8; 67.7
(CH2Ph); 120.7 (‘o’ OPh), 126:4:(:‘p’, OPh), 130:2,.129,1, 128.8, 128.7 (‘m ’OPh, CH2Ph),
135.8 (‘ipso’, CH2Ph), 150.2 (“ipso’, OPh), 174:1: (COOCH,Ph).:

Is

Symh-esis1of‘.;i—niAtrophenyl-(benzoiy;lirle\icinyl)-ﬁhosphoroclilbridn_te'., ' .
CisH;,CIN;OP, MW= 440.81: - . . i

20

This. is synthesised’ according to Standard: procedure 4, . using-L-leucine. benzyl ester

hydrochloride (1.08-g, 5.01 mmol) para- mtrophenyl dxchloro phosphate (1 362 g 5. o1

mmol), and TEA-(1.4 mL, 1.4 mmol) in DCM* (40 mL) to. yxeld 208g (95%)- of crude
25 product used without further purification. ¢

3'P.NMR (CDCl3, 121 MHz): § 9.87, 9.38.
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'H-NMR (CDCl3; 300 MHz): & 8.25-8.10: (2H, m , OPh), 7:35-7.25 (TH, m, OPh +
CH,Ph), 5.15 (21, 25, CH;Ph), 4.95 (1H, bs, NH); 4.15 (1H, m, CHCH,CH(CH),), 1.95
(1H, m, CHCH,CH(CH;),), 1.7 —(—'2-_}4, m, CHCH;CH(CH3)), 1.0-0.9 (6H, m,
CHCH;CH(CHy);). | , ’
5 BCNMR (EDCl; 75 MHz): & 232, 23.1; 221, 22.0 (2C, CHCH;CH(CHY);), 24.8
(CHCH,CH(CH3),), 43.4,°43.3 (CHCH;CH(CH;)Z), 542, 53.9. (CHCH,CH(CH3),), 68.0,
67.9 (CHzPh), 121.6 (‘o OPh), 126.2, 126.1' ('m’OPh); 129.2, 129.0 (CH.Ph), 135.4,
135.3 ('ipso’, CHoPh), 1458, 145.7 (‘ipso’, OPhY; 154.7, 1545 (‘p’, OPh), 173.0, 172.8 {
(COOCHzPH). © * :

Synthesis of p-chlorophenyl-(benzoxy-L-leucinyl)}-phosphorochloridate.
C19H22_C12N04P,' MW= 430.26.

15

~ This is synthesised- according’ to Standard ‘procedure 4, using L-leucine benzyl ester

liydrochloride (0.644 g, 2.5 mmol), para.-'ch']oro-phenyl-diChlorOphosphate (0.613 g, 2.5
mmol), and-TEA- (O 7"'mL, 5 mmol) in. DEM' (20 mL), to: yleld 0.968 g (90%) of crude:
prodict used- w1thout further purification:. -
20 *'P-NMR (CDCl;; 121 MHz) 6971, 9.55. _
'H-NMR' (CDCl5; 300 MH2): 3.7:4-7.0-(SH; m, OPh + CH?Lh) 5.15-(2H, S5 CH,Ph), 4.5
(1H; d, 3J—7Hz NH) 4.0 (1H, m; CHCH;CH(CH;)z), 1.9-1.8:(1H, m, CHCHZCH(CH3)2) _
1.7 (2H m CHCHzCH(CHs)z) 0.85 (6H; m CHCHZCH(CH]))) '
BC-NMR. (CDCl;; 75 MHz):. §. 23.4, 23:3, 22.5, 22.4 (2C,. CHCH,CH(CH})y), 25.0 ‘
25 (CHCH;CH(CHj)3), 43.8, 43.7 (CHCH,;CH(CHs)y), 54.0, 53-8 (»CHCH'z,CH(CH"g)z); 682 _
(€H,Ph), 122.5/('0’ OPh), 13035, 1.30.4},: 1'293,:}29‘.2 (‘'m’OPh, CH,Ph),. 1;3;3‘..2' (p ', OPh), -
135.7 ('ipso’, CH,Ph),149.9, 149.8 (‘ipso’,; OPh), 173:4,173.2 (COOCHPK). |
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Synthesis- o of ¢ 4"-ch‘l‘ordpﬁ'ényle(-fhethy142¥amjno-2"-n;ethy]probén'oﬁ.te);-
phosphorochlondate: SRR I
Cn}luClzNOJ’ MW—326 11
5

._’o_p_c.

This 1s-synthesised’ according; to Standard procedure 4, usmg 2- ammmsobutyrate methyl
ester hydrochloride (280.0mg, 1.82 mmol), 4-chlorophenylphosphodichloride (447.4 mg, -
10 1.82 mmol); and TEA (368.3 mg, 3.64 mmol,.507.3'uL) in DCM:(20-mL), to yield:554 mg
(yield 91.1%) of crude product-used without further purification. . |
*'P-NMR (CDCls, 121 MHz): § 7.05 (s) -
—- 'H:NMR (CDCly; 300 MHz): §7.38 (2H, d,.*9.0 Hz, OPh), 7.29-7.24'(2H, 2d, 3/=9.0 -
. L Hz; OPh), ?:8-7-4.83 (1H; 2bs, NH), 3.84°(3H; s, OCHj), 1.73-1.71 (6H; -25',‘.[,(31_1’1]2(3),-". ,
"~ 15 PC-NMR(EDCl3; 75 MHz): 8 27.0, 27.3; ([CH3}:C), 53.7 ( OCHs), 58.9 (gcmm 122.5
(‘o’, OPh), 129.7 (‘'m’, OPh) 13138 (‘'p’, OPh) 148.7, 148:9-(“ipso’, OPh); 175.5, 175.7 "
(COOCH;).

20 Synthesis-of 4~chlorophenyl-phosphodnchlondate
CeHiCl,0.P, MW=245.43;

, 0—:';‘01

25°

This was synthesised according to Standard procedure 3 usmg phOSphoms oxych]onde
| (1533 mg, 10: OO mmol, 932 uL), 4- chlorophenol (1 285 g, 10. 00 mmol) and TEA(1:011 g,
10.00 mmol, 1394 pL).in ethy]ether (»l-_OO mL) to give an oil (1 .897 g, 77:3 % yield).
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*IP-NMR (CDCls, 121 MHz): § 5.18. o
'H-NMR (CDCl5; 300 MH2): § 7.45 (2H, d, *J=9.0 Hz, OPh), 7.30 (2H, d, *=9.0 Hz,
OPh). ‘ —

3C-NMR (CDCls; 75 MHz): & 122:5.( ‘0", OPh), 130.6(‘'m’, OPh), 133.2 (‘p’, OPh), 148.5
5 (‘ipso’, OPh).

Synthesis of 4-(trifluoromethyl)-phenyl-phosphodichloridate. -
C,H,CIF;0:P, MW=278.98.

10

This was synthesised according to Standard procedure 3, using: phosphorus-oxychloride
(1.570 mg, 10:24 mmbl, 954.5uL), 4-trifluoromethylphenol: (1660.-g, 10.24 rr'lmdl)vvand
15 TEA: (1.036 ‘g, 10.24-mmol, 1427 pL) in ethylether (100 mL) to ‘give an. oil'(2.52'1"’ g
 88.2%.yield):
*'P:NMR (CDCl;, 121 MHz): § 4.75. ,
'H-NMR: (CDCl;; 300 MHz) 8 7.77 (2H, d, /=84 Hgz, OPh), 749 (2H d, *J=8.4. Hz '
OPh). '

20 C-NMR (CDCl; 75 MHz) 8121.6 (‘o’, OPh); 1236(§F3,J—271 Hz, OP_) 128.2 ('m’,
© OPH), 129.7 (‘p’,J=33 Hz), 152.7 (‘ipso’, OPA):

Synthesis;oﬁ4:-_ﬂimrophenyl¥phosphodic_l_ilorid.’a‘te. sl
25 CeH4CLEO,P; MW=228:97; . N
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- -This was synthesised according. to Standard procedure 3, using pho‘spho'rus'oxychloride

15

25

20

30

(1.395 mL,. 15.00-mmol), 4- chlorophenol (1 68 g, 15. 00 mmol) and TEA (2 1 mL, 15.00
mmol)-ini:ethylether (140 mL) to give an ‘oil (3 96 g 96 % yield). ———
J'P:NMR (CDCl3, 121 MHz): & 5.52.

'H-NMR: (CDCl3; 300 MHz): & 7.15 (2H, .d, 3j=8i0 Hz, OPh), 7.05 (3H, d, 2/=8.0 Hz, :
BC-NMR (€DCly; 75 MHz): 6 116.8 '(_"'o. * OPh), 122.1 ('m, OPh), 146.7 ('p’, OPK), 158.7
(‘ipso’, ORh).

Experimental-data are given in Table ] i]lustrating,t};e activity of compounds embodying
the present invention, and of some 'comparaive-compound's with respect to-human breast
cancer cell line MDA MB231, human -colon- cancer cell line HTI15 and human prostrate_
cancer cell line PC-3. The compounds include those whose preparations: are -described

above and compounds made by preparatlve methods corresponding to- the methods: .

described above.-

The expe‘rir'nentz_l.];'proced'ures-used"h’uman colon cancer-cell:line (HT115), human prostate.

~ cancer-cell line (PC-3), human breast cancer cell line. (MDA MB:231) and An'orma‘lhuman.r 3
umbilical vein. endothelial - cell. (HUVEC). Compounds- were diluted” over a.'ra'née‘ of
concentrations.and added to cells over 1 to 3'days. The cytotoiiity was' determined using a

MTT assay at the end of each experiment.
In the Table: .

ArO'refers to-Ar-as de'f.ined above with:respect to formula.l;
J refers- to the- moiety' of the present. compoundS' represented: by, respectively,
ROCOCR'R”’NH-, as' defined.. above thh respect. to- formula. I; or; with. respect to.
Examples-51, 52. and 53 HOCOCR’ R”NH- as: deﬁned above with.respect to formula 11
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B refers to-the-base moiety of the présent compounds as defined above with respect to
formula For. formulallk. - - :

BVU stands for 2-bromovinykuridiné

5 |
5-(C=CC[0}0)MeU stands for-methy]properioate-2’-déoxyuridine. | :
GemCyt stands for Gemcitabine.

10 Examples A, 1,67 and G are éomparati'.ve'EXamp]es; .
Example A is 5-(2-Bromovinyl)-2’-deoxyuridine.

Example 1 is'Example 1 above cor.res'pondi‘ng to com.pound.('7).fa'b'ove. :
15
Example ‘67 is'propenate-2’-deoxyuridine.

Example.G is gemcitabine.

20 Examples.51, 52 and 53 aretcompohndé embodying: formula 1l above.

TABLE - - -

25
Ex- | ATO" . BEE - B - [ECS50/M:. | EC50/pM:. EC50/pM . |
' R L ‘Breast.: .- ,»c;;lon.:,-.? [ Prostate . |
MDAs - . | HT115-- - :['PC-3-~
| | MB231 |

A - - E A BVO |15 . T L] 1207

I | PhO TMealaNm- — [BVO |79 - | Za5 | 155

2 PhO © | BnAlaNH . BVU 34 |14 119

3| PhO BN |BVU 56 2. 36

4 [pCP3PRO - |[BnAlNH._ _ [BVU . . |31 - |74 BEES

-
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5 p-FPhO - [-MeAlaNH BVU 159 117 58
§ | pFPhO EtAlaNH BvU- 46 1 a2
7 | pFPhO BoAlaNH | BVU 17 3.5 16
8§ |pNO2PhO | BoAlaNH. BVO |28 - )
9 | pNOJPRO | EtAlaNH TBVU 177 1187 | 365
10 |pNOZPEO | McAlNH  [BVU 105 967 104
11| p-CIPhO EtAlaNH BVU 287|149 34
12| p-CIPEO BnAlaNH. BVO |6z |34 24
13 |pCIPhO | MeAllNH - |BVU |6l 70.2 13
14| PhO Bn(Me2Gly)NH | BVU 19 14.5 51
— — — — — 5 pemPO— MeAlNE— — [ BVO- — — a7 — 97— 15— — 11—
| 16 | PhO Me(cPniGly)NH | BVU 79 77 16
17 | Pho | EucPmGly)NH | BVU a2 813 a1
| 18 | PhO Bu(cPniGly)NH | BVU 78 9.7 33
| 19 | p-NOZPhO | Me[cPmGIy]NH | BVU . 56 - | 382 38
20 | p-NOZPhO | E[cPmGly)NH BVU 13 573 - 15
21 | pNOZPhO | Bn[cPoiGly]NH | BVU 84 17.2 2.2
| 22 | PFPhO Me[cPniGly][NH | BVU 5T 59.7 51
! 23 | PFPhO Et[cPntGly]NH BVU : 9.9 18.1 2.7
‘ 24 | PFPhO BolcPoGly][NH | BVU 9.4 17 37
! {25 [pCP3PRO | EARNH | (BVU ' 38 a6
| 26 -| PO | MeMe2Gly)NH | BVU 411 779 1.5
| 27 | PO EMe2Gly)NH | BVU 2179 397 76.1
| 28- | p-CF3PhO Me(cPntGly)NH | BVU 28.8 212 -
i 35 [pCEFhO E(cPniGIy)NH BVU 456 ’ 151 a3
| 30 [p-CF3PHO." . | Bn(cPniGly)NH | BVU ~_ - | 6.9 64 =
| 32 | pCIPRO Me[cPniGly]NH | BVU . 26 993|522,
| 33. | pCIPAO - | EPmiGly]NH- | BVU | 12 979 832
| 34 [p-CIPhO. .| Bn[cPmGly]NH =~ |BVU 139 8.9 163
| 35 |PRO - MeLewNH | BVU, ~18s 77 1757
| 36| PhO - | Me[Phe]NH - BVU™ - |198 | 321 1869
37. {PhO | BuLeuNH —[BVU. |28 7 736
| 38 | pNO2PhO | BaleuNH . | BVU. 63 07 - |72
| 39 | pCIPhO | BnLeuNH. BVU a3 2885~ | 193.1.
| [42 [pCIPRO | Me(Me2GlyNH [ BVU . - |87 1834 . | 4416
' 43 | pCIFRO | EMe2Gly)NH | BVU - . 5.9 1743 | 1.15
4 [ pCIPRO . | Br(Me2Gly)NH | BVU ‘ 23 Tas 912
45 | pNO2PhO . | Me(Mc2Gly)NH | BVU 94 |247 222.8

P ol o fm o™ o €W
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26 | pNO2PRO | E(Me2Gly)NH - | BVU . 2 324 824
47 [pNO2PRO | Bn(Me2GIy)NH | BVU . 45 6.7 27.2
48 |pCF3PRO | Ba(Me2Gy)NH | BVU | 13 7 |06
39 |oCIPbO | BnANE  |BYU |54 162 54
50 | o-CIPhO BoMe2Gly)NH [ BVU |57 39 659
51 |- L-AlaNH BVU 2954
5 - LeuNH BVU 4381
57 - PhANH | BVU 66
54 | PhO [ BoPhARNE [ BVU 5T
55 | PhO Me[D-ALINH | BVD 3927
————— 56— [ PHO—— | BulDARNH— - —| BVU— |~ —— — [208 — [ —— — | — — —
57 |pNOZPhO | Br[D-AlaJNH - | BVU_ = 202~
58 | p-CF3 Me[Me2Gly]NH «| BVU 83.6
59 | pCF3 E(Me2GlyJNH | BVU 247
66 | pFPhO | E(Me2GlyJNH | BVU 86.8
61 | p-CF3PhO Bn[L-PhAla]NH | BVU - 63
62 |pCF3PRO | Bn[L-LeulNH. BVU 19
63 | PhO {Bu[L-Ala]NH BVU 315
64 |pNO2PhO | Bn[LPhAlajNH | BVU . 166
65 | p:=FPhO Me{Me2Gly)NH |BVU.4-.. ™
66 | pNO2PRO | Me(Mc2GIy)NH ~_ | 5(C=CC[O]O 207
: Me)U
6 |- 3 5(C=CC[0]0 937
Me)U .

6 | Pho MeMetNH BVU - 5 63
70 | PhO MeTrpNH - BVU - - 6.
71 [PhO- BnMetNH BVWU . - T |63
72 | PhO BnlleNH BVU - - 116
73 | PhO EdieNH- BVO |- T 306
74 | PrO. MeGlyNH BVU. . |- 3
75 | PhO BiGhWNH - |BVU. |- BN T
77 | pCIPhO - [ BaGlyNH. BVU . N 150
78 | p-CF; PEO. | BnValNH BVU |- n EG
80 | PhO Me;AspNH BVU . |- n 158
81 | PhO EGRNR_ [BVO . |- |- 31
82 | m-CIPhO BnAlaNH BVU o A T}
83 | m-CIPhO BaMe,GyNH - | BVU T- T Te3
84 | pFphO BnMe,GlyNH BVU |- : a5
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85 | PhO BoValNH BVU |- : 312

86 | pClPho ABx{:ValNH. BV |- - 09

7 |pFpiO  |BavaNE . [BVU [T |- 16

88 | PhO - [BoPrGONE — [BVO . |- E 075

89 | p-CPHO | BaPhGIyNH BVU - |- - 65

91 |pCFPRO | BuPRGHNH  [BVU . |- = 07

94 |PhO i-BuAlaNH. BVU |- N

95 | PO | 2-BualaNH BO . |- 68

R R |GemCt |28 66T |31z

31 [ PhO. BoAlaNH | GemCyt . [426 |57 022

40._{ p:CIPhO__- M.BnAlaN}-I——-————GemGyt— = fysu;——iM—»;-—» 4 — - — — —

a1 | pCIPO Bn[Me2Gly[NH | GemCyt |31 [3171 638

Gemcitabine (Example G in the Table) and. compound CPF31. (Example 31 in the. Table: .
gemcitabiné-[phenyl-(benzoxy-L-alaninyl)J-phosphate) were compared in a mouse model

with xenogtaﬁ_s{ of human cancer (colon HT115 and prostrate PC3).

Mice were dosed daily at a range of concentrations (0.01-10uM)- md"—@QM’volume-

assessed versus control., - . : -t
Kaplan-Meier statistics were computed régarding incident-free survival.
In the attached drawings:-

Figure'1 shows: for. the mouse xenograft the tumour volume. for prostate data at day 13

using Gemzar™ '(gémvcitab(ine available:ex. Lilly);,

Figure 2 shows: for the mouse: xeqograﬁ*lthe_‘;_t'umqurvo]ume for: prostate. data: at day- 13
using CPF31;

Figure 3- shows the incident free survival functions-v. day for each of CPF31 and - -

gemcitabine; and

1P0 KOLKATA 16832015 15:721
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Figure 4 shows for the mouse xenograft the tumour volume for colon data at day 24 using,

respectively, Gemzar and comﬁound CPF31.

Referring to the drawings; CPF31 can be seen to be significantly less toxic than -

gemcitabine:

CPF31 was significantly effective ét’:reduciing prostate-and. colon: tumour volunie relative to
control at daily dosin.g of 5 and 10:‘;1M (3 and 6 pg/ml). Gemcitabine was not effective at

the highest non-toxic. concentration.

Gemzar 1s seen. from Figure 1 to be toxic above 1pyM. In contrasf, CPF31 is seen from

Figure 2 to have substantially lower toxicity.

Figure 3 shows that CPF31 has significantly lower side effécts on a comparable. basis: 3
animals show serious toxicity (10% body mass loss) in GMZ and in CPF31 on day 10,
collectively 4 in GMZ and"1.inh CPF31 on.day 11'and 5'in GMZ and 1in CPE on.day 13.
Using Chi square analysis by combining 5 and 10uM. groups, the sigrﬂﬁcaﬁce is-p=0.193,
0,078 and 0.0289:on day 10, 11.and 13: 1t is clear that by day 1‘3%<.CPF31'di$pl'aye‘c'f‘
signficantly iqss side effects; and the ar;ti:can(:ér.'efféctSf continue to ex‘céed that'of Gemzar.
Figure 3 shoﬁ/s tht;: Kaplan-Méier su.rvival’icurye; i'ncidenicé'ﬁ'ee' survival: based on the lbss~
according to weight loss. A-Cox proportion analysis shows that CPF31 is. fur-less toxic -

than GMZ based on the wei ghtrloss.calculate_d“-]os_sf(p?05043).:

CPF31 was found:to be active at SMin.vitro; whereas Gemzar was: _fOund‘i to be-active.at
600uM, with respect-to the same colon. cell line. .F igure 4 shows-the results.of testing both:
in.vivo-at SuM. The" greater activity of CPF31. in:reducing tumour-volume is :Vsl_iow‘n in

Figure 4..
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15 Zisselected from-the:group-comprising H; a]‘kyl‘:and;halogen;'-andv IR
nisQorl, | o
wherein when n is:0,. 2" .is:-NH; and. a-double bond exists-between position. 3 end,
position-4; and.- | | -
whennis 1,7’ is =0; :
20 ora pharmaceuhcally acceptable denvatxve or metabohte of:a: compound of. formu]a I o
with the proviso that; except-where R'i |s 2 Bu (- CHz—CH(CH3)2) and ‘one of R” and: R” 1s H
and one of R’ and R” is-methyl (-CH3), when n 1s I and' X and Y are both H; then Ar is. not
unsubstituted phenyl (-C¢Hs): |
ToO KOLKATA 16632615 1521
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CLAIMS.

I A chemical compound'having formula l:

wherein:

Ris selected from-the group comprising-alkyl; aryl and alkylaryl; . -

R’ and R” are independently selected from. the group comprising H, alkyl'and a]‘ky]aryl, or

3

which they are attached, a-cyclic system;‘
Q1s-selected from the group.comprising—0- and—CHj-;.

X andY are mdependently selected: from the group compnsmg H; F, €I, Br, ‘I’lOH and-

methyl (-CH,);

Ar is a monocyclic aromatic ring moiety- or a fused bicyclic aromatic nng mmety, exther of .

which said ring moieties is:carbocyclic or heterocyclic and is optlonal]y substituted; .

R’ and.R” together. form an alkylene chain.so as to provide, together with-the-C atom to .
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2. A compound-according to claim 1 wherein R 1s selected from the group comprising
a Cy.j¢ pnmary or sécondary- alkyl ‘group; a Cs.3-carbocyclic aryl group or'a C).¢alkylCs.y
aryl group: -

5 3. A compound according to éiéimZ'whé:r.ein.R is selected from: the.group comprising -

' methyl (-CH3), ethyl (-C;Hs) and Benzyl (-CH,CHy).

4, A compound. acc:or_.d‘ing' to claim 3 wherein R is benzyl.

10 5. A compound according to any one of the:preceding claims wherein Ar is an

optionally substituted Cs monocyclic aromatic ring moiety, ie is. optionally substituted

pheny]-.

6. A compound. according to claim 5 wherein Ar is selected from the group -

15 comprising —C5H5,pCF3C6H4:, pFCstq-,PNOzCéHr,])C]CbH.{- and OCJC6H4-.

7. A chemical compound-having formula-11:

ﬁ\
R—O0—C-

* wherein n, @ R, R, R”, X,.Y, Z'and:Z” have the meanings. descnbed 1n, claim. 1. and
20 additionally R canbe'H, W1th provxsos that: '
whennis 1, X and Y are both H; Ris methyl - CH;) one ofR’ and R” is H* and one: of R+
and R” is methyl (-CHj3), then.Z is not -CH=CHBir;, .
when n-is 1, X.and Y are both H; R is methyl - CH;) one of R’ ’énd R”’is H and one:of R’. -
and R” is.phenylethyl, phenylmethyl, indol-3-ylmethyl or-mdo]-3-yl.et-hy], then'Z is not F; -
25 and ' '

when'nis 0, X is not H.

——-

IPO KOLKATA 16832015 15:21

B . S




15

WO 2005/012327 PCT/GB2004/003148

113

8. A compound according to. any one of the’ precedin‘g claims wherein R’ 'énd- }i” are,
independently, selected: from- the group comprising H; C) 6 pnmary, secondary ‘and temary
alkyl, C,; 3alkle5-7 aryl or, when' together they" form: an alkylene chain, they prov1de

together with:the € atom to- whxch they are attached; a.C3 3 carbocychc aliphatic ring.’

9. _ A compound: according to claim. 8 wheréin. R> and R” are mdependently, selected
from the group comprising H;, methyl, benzyl and —CH2CH(CH3)2 or, R’ and R” together
with the C atom to-which they are attached d, provide'a Cs. ring.

]0

15

20

25

30

10: | A compound according to claim 9 wherein-R’ and R” are each methyl.

11 A compound according to claim 9 wherein.one of R’ and R” is H and one of R>and .
R’ is methyl. . '
12. A compound according to claim'9. whereih>the-.-carbocyclic~ring.is a pentyl'rng, -

13. A compound according to. any one of' the. preceding: cl:‘iims‘where-in R’ and:’R”,

correspond to the. side chains ofa naturally occuhingamino acid.

14. A:- compound according; to any one. of the. preceding’claimS-Wherein‘~Z-‘is selected: - - -

from the group. compnsmg ‘H; Cj¢alkyl, substituted C; 6alky] CMa]kenyl substituted: Cl .

salkenyl, C, 6alkyny] and halogen.. . T
15.  A.compoundaccording to éx_ny one of the preceding claims _wher_.e‘i.n'Q.;;is{Q".:
16. A compeund according to- any one of: the preceding claims. wherein whens:-h:jS'.-l-’;

each.of X and Y'is H:

17. ‘A~c§fn‘pound according to-any one of claims 1 to 15 wherein when nis 0; each of X

and'Y is F-




1

P

5 andY is OH:
20.. A compound selected ‘ffom"ihe group comprising: = - A
(E)-5-(2-Bromoviny1)-2'-deoxyuridine-S"-[phenyl-(ethoxy-L-alaniny!)}-phosphate (CPE 3) _ _ _
—16_(—E")—S'-(Z-'Bromovinyl)-Z’-deoxyuridine-S’-[phenyl;(penzOXy-I;-al’anjnyl)]f-'phosphate' (CPF -
2)
| (E) -5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-fluorophenyl- (methoxy-L-alanmyl)]
phosphate (CPF 5)
(E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’ [para-ﬂuorophenyl (ethoxy -L-alaninyl)]-

15 phosphate (CPF.6) _
(E}S (2-Bromovinyl)-2’-deoxyuridine-5’-[para- ﬂuoropheny] -(benzoxy-L-alaninyl)]-
phosphate:(CPE-7).

(E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-nitrophenyl- (melhoxy-L-alamnyl)]
" phosphate (CPF 10) T

20 (E)es-(z;qumov.nyl)-z’.-déoxyuridine-:s’-[paraznitrophenyli(emoiy?L-a]anin-yl)]-
phOSphate (CPF 9)

(E)-5-(2-Bromovinyl)-2°- deoxyundme 5-[para- mtropheny] (benzoxy-L-alamnyl)]
phosphate (CPF 8): ' 4
(E)-5-(2- bromovmy])-Z’ -deox yuridine-5’- [para (tnﬂuoromethyl) -phenyl-(methoxy-L-
25 alaninyl)]-phospliate (CPF-15).
: (E)-5:(2- bromovmyl)—Z’-deoxyundme-S [para (tnﬂuoromethyl) phenyl (ethoxy L-
alaninyl)]-phosphate (CPF 25) - A
(E)-5-(2-Bromovinyl)-2’ -deoxyundme 5 [para-tnﬂuorophenyl (benzoxy L- alanmyl)]
- phosphate (CPF 4) -

30° (E)-5-(2-bromovinyl)-2’ deoxyundme-S -[4- ch]oropheny] (methoxy-L alamnyl)]
phosphate (CPF 13)

(E)-5-§2- bromovmyl) 2 deoxyundme 5°-[4-chlorophenyl- (ethoxy L- alamnyl)] phosphate
(CPF11)
wATA 16032885 1521
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18. A compound according 16 any one.of claims 1 to 15 wherein when n is 0, X.is OH
and Y isH. -

19; A compound according to ariy? one of claims 1 to 15 wherein when n is 0, X.isH
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(E’)-S—(Zrbromoviny])-Z’»deoxyuridin’e-S’-[4-chloropheny1-(benzdxy-L-a]am'ny]')]-_
phosphate (CPF 12) »
‘ (57'5"(2‘-5f0mb"iny1)-2’-deox"yﬁridine:S’-[phenyl-(méthOX’y-a',a,-dimethyl;gl'y‘cinyl)]‘.-'
phosphate (CPF 26)

S (E)-5-(2-bromovinyl)-2'-deoxyuridirie-5’-[phenyl-(ethoxy-a,a-dimethylglycingl)]-
phosphate (CPF 27).

(E)-_s-(2;bf6moﬁnyl);2f-deox'yun'dine-s’-[.ph-én.ylv-(benzoxy'-m,a.-dimet~hy1‘g1fyc‘ih'yl),]_‘- :
phosphate (CPF 14) ' .
(E)-5-(2: bromovmyl) 2’-deoxyuridine-5’ [_mtmp_}_)er_lyl -(methoxy-a,o- . __ . __

10" dimethylglycinyl)]-phosphate (CPF 45)

(E)-5-(2-bromovinyl)-2’ -deoxyundme—S’-[4.-nitrop}ieny]-_(ethoxy-a,a-dimethyl.glyciny]')]-
phosphate (CPF 46) .
(E) 5-(2-bromovinyl)-2’-deox yuridine-5’: [4-mtrophenyl (benzoxy-a a-
dlmethyl glycinyl)]-phosphate (CPF 47) ,
15 (E)-5-(2-bromovinyl)-2 ’-deoxyun'dme-‘S ’-[4-chlorophenyl-(methoxy-a,a-
* dimethylglycinyl)}-phosphate (CPF 42
(£)-5-(2-bromovinyl)-2’-déox yuridine-5’- -[4-chlorophenyl- (ethoxy-a o-
dimethyl glycmyl)]—phosphate (CPF43) i
£): 5- (2-Bromovinyl)-2’ deoxyundme 5’-[4-chlorophenyl- (benzoxy—a o- -

2 dxmethyl glycmyl)]—phosphate (CPF 44)

. 'O

" (E)-5-¢2- bromovmyl)—Z’ -deoxyuridine-5’ [para (tnﬂuoromethyl) pheny] (benzoxy-a a-
dimethyl glycmy))] -phosphate (CPF 48)

(E)-5-(2-Br omovinyl)-2’ 'deOX‘}‘Uﬂdme'S"[Ph'en)'l?(methoxy'-a,ascycl'o,]eucin_.y,l)]_'-
phosphate (CPF 16). - o

25 (‘E)‘v5-‘(ZfBror'novinyl)-.Zl"*dep'xyuﬁdinei-S"-[phenyl"—(ethoxyaz,a-'cyclol'eucinyl-)]j:-_
'phosphate(CPF 17) . | -

(E)-5-(2-Bromoviny})-2’ ~deoxyundme 5’-[phenyl- (benzoxy—o. a-cyc]oleucmy])]
phOSphate (CPF18) .

(E)-5-(2- Bromovmyl) 2’-deoxyuridine-5’ [para-mtrophenyl—(methoxy-a -
30 cyc]o]eucmyl)]-phosphate (CPF.19) -

(E)-5-(2- Bromovmy]) 2’-deoxyuridine-S’ [para mtrophenyl -(ethoxy-a, a-cycloleucmy])]

phosphate (CPF 20).
Ton KOoLWATA 160376815 1521
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 (B)-5-(2-Bromovinyl)-2"- deoxyuridiné-S’-['para-nitropheriyl-(beniox.y—a,a-»
cycloleucinyl)}-phosphate (CPF 21)
(E)-5- (2=Bromovinyl)-2": deoxyundme 5 [para ﬂuorophenyl (methoxy -0
cycloleucinyl)]-phosphate (CPF 22)

5 (E) -5-(2-Bromovinyl)-2’ deoxyundme-S’ -[para- ﬂuoropheny] -(ethoxy-a,a-
cycloleucinyl)]- phosphate (CPF 23) .
(E)-5-(2:Bromovinyl)-2’~ deoxyundme 5% [para-ﬂuoropheny] (benzoxy 0,0
cycloleucmy])] phosphate (CPF 24).

_______ (E)-5- (.Z-Bromownyl)-Z—-deexyundme 5’-[pam—chlbrephenyl-(rriethoa&y—a—,a-— _ - = — = — -

10 cycloleucinyl)}-phosphate (CPF:32) - . : ~
(E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-chlorophenyl-(ethoxy-a, o
cycloleucinyl)]-phosphate (CPF 33). |
(E)-S.-(ZéBromévinyl)-Z’-deoxyun’dine&i’-[';;henyl-(mahoxy—L-p}ienyla]aninyl)ﬂ-phosph'ate,

" (CPF 36) - ' '

15 (E)-S-(.Q-Bromovinyl)-2’-deoxyuridige-S’.—.[para-chloroph¢ny]'-(benzox-y-a,a- -
cycloleucinyl)):phosphate (CPF 34): ,
(E)-5-(2-Bromovinyl)-2’-déoxyuridine-5’-[para-trifluorophenyl-(methoxy-a,a- -
cycloleucinyl)}-phosphate (CPF 28)- .
(E)-Sf(2-Brorhbviﬁyi)-2’-deoxyun'diné-S’-[para;tﬁﬂuoropheny]e(eth'oxy.-a;a'-- T

20 cycloleucmyl)]-phosphate (CPF 29).

(E)-5-(2-Bromovinyl)-2’-deox yuridine-5’- [para—tnﬂuorophenyl <(benzoxy-a,a-
cycloleucinyl)}-phosphate. (CPF 30) - IR ~
(E)-S‘;(2'+Bromoviny1)-2.’-deoxyuridin_e-S"-[p.he‘n‘y]'-A(methoxy-_IQ—p_henylalaninyl)’]—phosphate:" e
(CPF 36) - | |

25 (E)-5-(2-Bromovinyl)-2’ -deoxyundme 5 [phenyl (methoxy-L-leucmyl)] -phosphate: (CPF )

35). - :
(E)’-S.—(-Z-.Bromoviny])-Z7-deoxyun'dine-5?-[ph’enyl-(benzoXy-Lfleucinyl)]-,p_hosphate_._. (CPF |
(E)'—S-(Z’-Brorriovinyl)&’-deoxyuﬁding_-'S’#[»;")ara.-ni_trophenyl.-(benszy-L~lcuginyl)]-~ '

30 phosphate (CPF38) | o | |

(E)-5-(2-Bromovinyl)-2’- deoxyundme 5 [para-chlorophenyl (benzoxy L- leucmyl)]
phosphate (CPF 39)

(E)-5-(2-Bromovinyl)-2’-deox yuridihe-S”-[ph'enyl—(2—bu_t-yl-L-alaninyl)]-phosphate
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Gemcitabine-[phenyl-(benzoxy-L-alaninyl)]- phosphate (CPF 31)
Gemcitabine-[para-chlorophenyl-(benzoxy-L- alanmyl)] phosphate (CPF 40) and:
Gemmtabme-[para-ehlomphenyl?(benzoxy-u,ardlmeth.yl g]ycmy]).];phosphate._(CPF 41).

2% A: compound according, to any one of claims 1 to 6, claim.20,. or to any. one of
claims: § to' 19 as dependént-on-any one of claims 1 to-6; foruse in:a method of treatment
preferably. in“the prophylaxis or treatment of cancer, with the pl'OV]SO that-when n.is I, X

and Y are both H, one:of R? and R” is.H and-one of R”*and R” is methyl(CH3); R is 2-Bu

(- CH; CH- (CH;);) or R IS benzyl ( CH2C6H5) then Ar can be unsubstlruted phenyl (-

22. Use of a.compound according to any one of claims-1 to 6, claim 20,.or to any one

of claims 8 1o 19 as dependent on any one of claims 1 to 6, in the manufacture of a -

medicament .for-the prophy]'axis. or treatment of cancer, _with,the-'pr.ovisofset out.in. claim
21.

23. A method of prophylaxis: or treatment of cancer- comprising .adminisiration to: a

patient'in-need of such treatment an effective dose of a.compound according to any one of

claims 1 to 6; claim 20, or to any one-6f-claims 8 to 19 as-dependent on any one of claims 1 - -

to 6, with-the proviso:set out in claim 21. . -

24. A pharmaceutical -composition comprising a compound: according to any one of

claims 1 t0'6, claim 20, or to any:one-of claims 8:to 19:as dei)_endenton' any-one.of claims 1.~

to 6, in combination with a pharmaceutically acceptable-carner, diluent or-excipient.

25.  A: method of preparing. a pharmaceutical composition' comprising: the step, . of

combining:-a- compound. accordmg to. any one of clanms lto. 6 claim 20-or any-one of

claims 8 to 19 as dependent on any one of claxms 1 to. 6 w1th a pharmace\mcal\y

acceptab]en excipient, carrier-or-diluent: . -
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26. A process for the preparation of a,c'ompo_und' of formula.l accbrding, to claim 1, the

process comprising reacting of a cérhbbuhd- of formula, (1n:. .

L »
R-—o—c‘—%—rlq—r;—cr vy - - - -
wherein Ar,; n; Q; R, R?, R”, X, Y, Z* and.Z” have the meanings:described in claim 1. -

10

5. -
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