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STATEMENT OF CASE OF OPPONENT

1. Opponent is aware that the Indian Application No. 3658/KOLNP/2009 titled

_‘Nl_llcl_eoside_ Phosp_h_orzimic_late Prodrugs’ f}le_:d_in I_ndia} 0n_20 E)ctober420(_)_9 pursuant to.
interr;atiohal application, bearing N;). PCT/US2008/058183 by Pharmasset, INC.
PCT/US2OOS/058183 claims priority ﬁoﬁ three US provisional' applications—US
60/909,315 dated 30 March 2007, 'ITJ:S'%O/982,309 dated 24- October 2007 and US

12/053,015 dated 21 March 2008.

2. ' The irﬁpﬁgned application was published on 19/03/2010 under section 11A. A request
for examination vide Form 18 has been filed on 21.‘.03.2-01 1. The Opponent
understands that this appli(;ation is under examination before this Patent Office. The

' examination report was issued on 29.01.2015 by the Indiaﬁ Patent Office. TPe claims

on record are stated below:

.. (S)-2{[2R.3R,4R,5R)-5+(2,4-dioxo-3,4-dihydro02H-pyrimidin- 1-yl)-4-fluoro-
3-hydroxy—é}-methylitefrahydroﬁlr'a'nf_2¥ylméth0xy]-phenpxy-‘
phosphorylam'ino}-propionic: acid isopropyl ester haviﬁg the following

‘structure: - -

or a stereoisomer thereof.
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2-(((S)-(((2R,3R4R, 5R)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

The compound as claimed in claim 1 wherein the stereoisomer is (S)-isopropyl

ymethoxy) (phenoxy)phosphoryl)amino) propanoate having following

- - -structure: - --

CHs

O

O

O

HO“

>_' Y\Nnu- i‘?‘\ o/\@:

F

Hs

The. compound ' as claimed in claim 1 wherein the steréoisomer is (S)-

' isopropyl2-(((R)-(((2R,3R,4R;5R)-5-(2,4-d.io$<'0'A

yl)-4—ﬂuoro—3-hydroky-4-methyltetrahydrofuran—

2y1)methoXy)(phenoxy)ph_osphpryl)amino) propanoate

structure:

pharmaceptiéally acceptable medium.

3,4dihydropyrimidin-1(2H)-

having following

A composition comprising the compound as claimed in claim 1 to 3, and a

A process for preparing the compound or a stereoisomer thereof as claimed in

L2

1120

L

~claim 1 said process comprlsmg
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reacting a compound 4" with a nucleoside analog 5'

4"

Wherein X' iS a leaving group.
3. The claims presently on record, could be summarized as below:

The Co>mpound' of Claim 1 is composed by the nucleoside “B-D-2’-deoxy-2’-fluoro-

2’-C-methyluridine ‘and ‘by the moiety “(2S)<iso.pr,.opy1..2.-.((Qph.e.’.r.l.gziy)u.fp.ho.sphgry,l)...,4.4.,.4..m,.A..u.......A...

amino) propénpéte” hereinéftef refefred to--aiso as “phosphdramidate” moiéty or “L-
alaninefphenyl Aphosph:ofamid.atAe isQ'pro:p:y:l ester” rﬁoiet}f. 'The'éotnp_bund o;f Claim l
"is known .by_ifs generic4 ﬁame as Sofosbuvir.;_ Howeve_r‘, dgspite the neces.si'ty of
-disclosing the g;eneric nar.ne or th.e-Inte'lfnational NOn-Propn'et"ary Names (INN) .'beforeA

A. the Indian Patent Office, the Applicant has failed to disclose the same. The |

- — compound .of Claim 1, also referred to as PSI-7851 in the_ arf;;Qomprises _two
stereoisomers from the phc:)sph:ate-group and he .isomers are respectively claimed in
Claim 2 and Claim 3. The stere_ochemistr'y at the phosphorus  atom in the compound
of Claim 1 is not spec'iﬁeci and Claim 2 and Claim 3 are not specifically enabled in the '
‘impugned application. Clz;lim 2 is Qréwn Sp-diastereoisomer of the compound of
‘ claim, which has the INN sofosbuvir and compound of claim 3 is the corresponding -

- PG KoL g¢:g§34i,@ﬁtcréprnei. Sofosbivir is thetdctivélingredient of Solvadi®, a drug indicated for
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. the treatment of HCV infection. Claim 4 is drawn towards a composition comprising

the compound of claiml éﬁd a pharmaceutically acceptable‘ medium. There is no

clarification 1n the impugned application with respect to the word “medium”. Claim 5,

- -~ -- - disdrawn to.process forpreparing rhe compound-as claimed inCloim 1, however, such
process is -not supported by disclosure in the speciﬁoation. Without admitting to

validity of the applicertion both technically and on prooedural aspects, the Opporxent

3 proceeds to submit the grounds of Opposition pertaining to the said claims on record.

4. Before traiv’er'sing the various grounds of-the opposition, the Opponent proceeds to
analyze th.e..'disclosure in the impugned application. The impugned patent application
is drawn to 'nucleoside plrosp‘horamidates trlat are alleged to be inhibitors of RNA
dependent..ixiral replicetrori.'The impugned speciﬁcatioh,“(‘ii'scloses that Hepatitis C
virus' (HCV) infection generally causes deaths among humans infected with the virus,
beiongirrg to the flaviviridee: family. The specification discloses thatlthere‘ are several .

* inhibitors of HCV NS5B that are aiready known and their problems pertaining to :
_ pharmacokinetics and physiochemicol proi:;erties were .also known. The impugned
.speciﬁcatron'd-iscloses tirat 'nilc.leoside-inhibitors of N‘SSIiBV can act eivth'er as :a rron-:
natural substrate that results,in chain termination or as A competitive inhioitor wﬁi.ch

competes with nucleotide binding to the polymerase. The impugned speciﬁc'ation. ,

“admits that the said propergies_ of these nucleoside inhibitors h—ave—m—erely—‘ been

improved by converting the séme‘into their pro-drugs and pro-dmg formation is well

known in the art.

5.+ The‘impugned specification claims compounds, depicted by a general cherrrical

structure which is represented here below at Figure 1.

y S s o 7 o T =S A i W )
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Base
RS
Figure 1: Chemical structure of the impugned specification
6. The s.p'eciﬁcation'then discloses certain substitutions to the substituents namely R',

Rz;' R3a, R? b,:' R4, RS, R6, X and Y. In the general chemical structure represented at

,ﬁg’ﬁr’e 1, the nitrogend_us base may be any of a to d as depicted in the Figure 2.

RW .. oA
NH
A
N OUNH,
a b c. d -
- Figure 2:-Structure of Base
7. From the above ﬁgure, 'as_'disclosed by the ifnpugned specification, the compbund3~

* ' may contain any-of the -above-nitrogenous. bases consisting-of substituted thyniine_. o
* base (a), substituted. uracil base (b), substituted adenine base (c) and Substituted
— guanine base (d). Further, the impugned speciﬁcation also provides various possible

substituents for Z as provided in the base structures and substituents for R’ to R'2.

8. Additionally, the impugned specification discloses a set of chemical compounds
which fall within the scope and sweep of the chemical structure of formula I (as

oL e shown in figure 1)cby substitutionqof. various bases (@) to (dj. The impugned

\
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specification provides chemical structures from I-1 to I-10. These sub-structures from

* I-1 to I-10 may be further substituted with various substituents. The impugned

speciﬁcation further proceeds to list these structures as a different series of chemical
VN com-pounds namely L-to XXXII. Each chemical compound structure is,pr.ov'ide_d with__

different options of substitutions from table II-1 to II-50. Similarly these chemical

structures are listed as mere possible substituents that are theoretically possible and

depicted in 50 tablets. These tables hst the various substitution of R', RZ, R R*® R,

R’ R’ X and Y, R’ and R®. Itis pertinent to note that these substituents as listed in

these. SO:tables are same and are comparable between the various chemical structure

between II to XXXII and tablets, differing only by the Markush structure in which it

. is 'substituents.. Moreover, the substituents listed in the impugned specification in the

50 tables, are only a mathematical probability that could be obtained from any

computed software and does not provide any confirmation as to synthetic possibility
of obtammg the sa1d compounds The appllcatlon also prov1des “various” general~~

disclosures pertaining to dosage admmlstratlons and use of the_sard compounds of

. this impugned _spec1ﬁcat—1on and that these c.ornpounds may be- co-admlmstered W1th7-

other compounds thar are also as anti-viral compounds,- which are fext book materials

and not supported' by any exempliﬁcafion. Gener.al processes for preparat'ion of these -

« . __  compounds 1s disclosed in_the_ impugned specification and it is_also disclosed .tha_.t

“these compound's could be prepared by processes known if prior art. “It is pertinent to
- ‘note that only a general process is disclosed in the impugned specification for -

preparmg all compounds fallmg within the formulas of structure I to XXXII without

lany dlsclosure as to the changes that could be required for each substructure. Hence,

the impugned specification professes. that all the compounds could be arrived at, by a

. single- procedure. The only logical conclusion for such a procedure s that all
FPg KebkKATA 21120815 lLo= 49
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compounds differ from each other in a few substituents or there is no change in the

basic structure and all compounds are mere derivates of the compound of Formula I.

Examples 1 and 2 are drawn to a general procedure for preparation of

phosphorodlchlorldates Example 3 purportedly dlscloses a general procedure for

preparation of nucleoside phosphoramidate derivatives being represented as a general

_ soheme. Example 4 appears to be drawn to the synthesis of 2°-dexoy-2’-fluoro-2’-C-

rnethyluridine. Examples .5 to 12 appear to be drawn to processes for synthesis of
specific cornpounds,not being the compound as claimed in claim 1. The impugned
speclﬁcation‘.then proee'.eds to disclose a general chemical structure which is a basic
scaffold and 'v.arious substltutions for the said'structure. Examples 13 to 65 have been

listed as various possible. substitution of the said basic scaffold. The impugned

specification provides certain analytical data against example 13 to 65 but does not

provide any experimental conditions for the process of performing the experiments. It

- may be noted that in»the context of the analytical softWares available during the-time

~of filing the said applrcatron 1t is possrble to obtain the analytical data.in szlzco In

S1mxlar manner examples 67 to 74 are represented by a general chemrcal structure |
along with a mere statement that these examples could.be prepared as per exa’mple 66.

Examples 75 to 80 are also illustrated as a table without any actual, “on-bench”

' experu;nental detalls Example 81 drscloses a method for separatron of dlastereomers

specifically for the compounds disclosed at Example 15, 39 and 49. Example 82

discloses certain in vitro results for testing a mere handful of compounds of

* impugned specification from the Table at Example 82, it appears that the most active |

l—&x,l_,l‘

.compound is the compound of example 49 followed by the compound of example 27

both of which are not covered in the claims. It is submitted that all compounds that

arexnot clalmed oughtltolbe consideredias, d1scla1med The opponent further submit the

\
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claims as amended and currently on record are not patentable under this act on various

Lo {
grounds as below:
GROUND I

Section 25(1)(b)/(c): Lack of Novelty - -

The invention as.claimed in Claims 1 to 3, 6 to 10, _13 and 14 laéks;novelty and are
not patehtéble under Section 25(1)(b)-(c) of the Patents Act, 1970 (as amgnded in
2005; hereinafter referre_d' to- as “the Act”)..It is submitted that none of the claims of
3658/ KOLNP/2009 are ::1)0vel and't.hey'are all liable to be rejected on this ground

alone.

- Itis submitted that all Claims 1 to 5 of the impugned patent applications anticipated

- ANNEXURE-1. The basic structure of WO *327 is drawri_ to a sugar attached to a

&

. L5

0 KoLK

by disclosure in- WO. 2005/012327 published on 10 February 2005 (hereinafter

‘nitrogenous base and is represented at Figure 3: -

9 re 9
- = = T = -R—O—c—é—r]:—ﬁ’ao~—o e
R™ . H O .
Ar X -0
: Y

OH
Figure 3: Structure of general chemical structure disclosed in WO’327

WO °327 is drawn to compounds whe_rein.a sugar is attached to a nitrogenous base
and provides for various options for substitutions in the general structure. Further WO -

327 sets

b

lmg Ehzit _thS _intgogeilo{qsbgrs?;may be pyrlmldme based including uracil, -

\

~ referred to as WO ’327), a popy of 'which 1S he'reto_' annexe‘d'-'an'd"‘marke‘d"'_‘a'S“‘“"""“"“““""“



thymine. WO ’327 aiso sets out the various options for the substituents such as R, R’,

" R”, Q, X Y, Ar, Z and Z’. From these substitutions it is evident that W0O’327

envisages and encompasses compounds that are akin to those disclosed by the

- _Jmpugnéd-speciﬁcation_wo 23217 discloses.that.it is-ad\}.antage,o_.u,s to have _subs.tituf_c%d
sugars which have substitutions including Fluorine, Chlorine, Bromine, Iodipe and

methyl (CHs).

Further, as evident from Figure 3, it may be seen that WO ’327 is drawn to
phosphoramidate prodrugs, from-the.disc_losure in WO ’327, it may be seen that the
. compounds of the impugned application. fall within the scope and sweep of the

general structure of WO ’327. The same.may be discefned by wéy of illustration.

For instance, it may be noted that the compound claimed at Claim 1 of the impugned

application falls within the scope and sweep of WO,’327.

Table: Tllustration- that compounds of impugned patent application fall within
. the scope of WO 327 - ‘ ' '

Impugned Patent Application

WO 2005/012327
(3658/KOLNP/2009) . S :
- T, o= T “""""—‘"—'FF"N
. O R (o]
R—O—g‘——%-ril—;':'—o ©
- R" HoO
Ar, . X
Y

OH
Compound claimed in claim I- (8)-2+ |
{[2R3R4R,5R)-5 -(2,4-Dioxo- 3,4-dihydro- | R =alkyl, aryl and alkylaryl;
2H-pyrimidin-i-yl)-4-fl-uoro-3-hydroxy-4-

: R' and R" are, independently, selected
methyl-tetrahydro- - furan- 2-ylmethoxy ]- )

from the group comprising H, alky! and

2 o - Ty = L X B R T A R 0 1 T A NI 3 fT
TEO KobKaisia—t2tit2elt T heab
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phenoxy-phosphorylamino}-propionic  acid

isopropy! ester

"'/O:P: .
. O’ ﬁ o

@]

Compound claimed in claim 8-(S)-isopropyl

2-(((S)-(((2R,3R,4R,5R)-5-(2,4, -ciioXo-S A-
d1hydropyr1m1d1n-l(2H) -yD)- -4- ﬂu -0ro-3-
hydroxy -4-methyltetrahydrofuran-2-
yl)methoxy)(phenoxy)phosphoryl)ammo)

propanoate.

alkylaryl,

Q is selected from a group comprising -

O- and -eH2

[ X &Y are independently selected from |

the group comprising H, F, CI, Br, I,

‘OH and CH3:

Arisa monocyclic aromatic ring moiety
or a fused bicyclic aromatic ring rhoiety,
of which

either 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 nis 0, Z' is NH2 and a

double bond exists between posmon 3

and position 4 and when'n is 1 Z' is _()

l\r',’J"-E i':»

The 1mpugned specification discloses the preparatlon of nucleoside phosphorarmdate

prodrugs by reacting an. app_ropnately substituted phogphochlorldate with a nucle051de

cont'aining a free Sﬁlﬁdroxyl moiety: Claims 5 is purportedly drawn sueh-’a‘synthesis. '

WO 327 exemplifies the process involving synthesis of phosphoramidate esters

N A R

2 [

l-—E} : h ARSE

" containing alanine as the amino acid, and unsubstituted phenyl, using a leaving group
- (see Figure 4). Thus, the process.as disclosed in the impugned application is

_anticipated by disclosure in the impugned application.
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Figure 4: Process involving synthesis of phosphoraniidate esters in WO’327 ‘

-

WO °327 discloses the above procesé for the-preparation and use of the following

prodrug moiéty into the base compdund:
020—7—0
- NH
. _ Meo\'rk -
o
Figure 5 Prodrug moiety disclosed in WO’327

Therefore, the process as claimed in Claim 5 is anticip.atedvin light of above

“disclosures in WO *327 and hence, such process is not ndvel._ }

- -~~~ - A pharmaceutical Comiposition comprising the*c'oi%lpaunds disclosed in"WO327 and —
a phal.'maceutically a—c:;—ptable excipieﬁts, ‘carrier or dil;lemuis 'also diéclo;ed in WO |
>327 (see page 14, lines 24 to 26). Thus, the cdmposition cl;imed in Clairﬁ 4 lack§
novélty over WO ’327. Thus, giveq the disc}osures in WO 327 the-: impugned

—application stands anticipated. Hence, all claims 1 to 5'are anticipated by disclosure in

— .- WO 327 and ought to be rejected on this ground alone.

]
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GROUND II

I Section 25(1)(e): Lack of Inventive Step

The invention so far cléi_med in any claim of the complete specification is obvious and

clearly does not involve any inventive step, having regards to the matter published as
mentioned in clause (b) or having regard to what was used in India before the date of
priority.

-

The impugned specification claims ‘compounds, depicted by a chemical structure,

- which is represented by figure as disclosed below: N '

Figufe 6:,Ceneral~Chemic§l Structure disclosed in the Impugned Application

The alleged invention disclosed in the impugned application; relates to

phosphoramidate derivatives of modified nucleoside 'anc_l their use in treating hepatitis

C infection._-The“i.mpué;lecbg—)_eciﬁcation discloses phosphora_._m'idgte;prodrug‘:sm of _2;-
deoxy-2’-C-methyl nucleoside compounds.” The nucleoéidé was known before the
pljiority date %md the concépt ;; developing a phosphoramidate pr.odrug form of such a
| nucleoside in order to effe(ztively deliver such a nucleeside for its intended anti-viral
effect was well known before the priority date. Furthermo.re, the alleged invention

~ - pertaining to a phosphoramidate derivaiiye of a modified. nucleoside is a routine

TR0 KoL g;:;qui;ﬁcati_or}} dbtaified: bySwell éstablished techniques. The impugned specification

\



S

also professes that the alleged invention relates to compounds which are inhibitors of
RNA-dependent RNA viral replication and are useful as -inhibitors of HCV. The"

compound has a deoxyribose sugar ring, which is substituted at the 2’-position with a

" —-methyl- group 1s_presenL above the_plane and 1s referred to_as methyl (“up”) and a_ _

fluoro radical is present below the plane and is referred to as fluoro (“down”).. The
deoxyrrbose sugar is substituted wrth a barse' at the conventional position via a
glyc051dlc bond. The base is uracil. It is well-known that the combined sugar. dhd base
is termed a nucleosxde” The nucle051de is llnked to a monophosphate group to form
a nucleotide. The phosphate gro.up.is S0 ‘oa-lled “masked” phosphate, in that it is
masked with two substitt_lehts,:‘_'-the isop_ropyl ester of L-alanine to form a
“phosphoramidate” at one position on the phosphorous atom and a phen-yl group at

another position on the phosphorous atom.

i Nucleoside analogues were known to be used for the treatment of HCV |

-’ _Since 1994, it was krlown that nucleoside and nucleotide anerogues hav'e’ great

potential- for rh'e t_reatment of viral diseases such 'as.H'CMV, HSV, HI\),-H:EV

- and HCV and for the treatment of cancer.»For example,; AZT is a nuc'leoside B
that is used in the treatmenr of HIV and gemcitdbine is a nucleoside arpproved

- = —- - for-the treatment of various-cancers. - AZT and gemeitabine are reporred to -
interfere vw'_rll—the replicatiorl process zrnd t_hereb.).' hinder repli'eetion. Such
nucleoside(s)/nucleotide(s) compound -prev‘enting replication of HCV in the
cell is recognised by HCV polymerase,' so that it is incorporated into new viral

RNA strands instead of the nucleotides that occur natrrrally in the cells

resulting in prevention of replication.



ii.
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2 -deoxy-2 ﬂuoro-Z -C-methyluridine was known

Several inhibitors of HCV NS5B are already known and these drugs are

known to have problems pertainingto pharmacokinetics and physiochemical

properties. The pl’lOI‘ art sets out examples wherein the propertles “of

nucleoside analogues have been improved by converting the same into their

pro-drugs.

For instance, 2’-deoxy-2’-fluoro-2’-C-methyl nucleoside is such an example.

Nucleosides having antiviral activity, in particular anti HCV activity, are well

known and well established in literature. For instance, Clark et al, (“Design,

Synthems and Antiviral Act1v1ty of 2’ Deoxy -2’-fluoro-2’-C-methylcytidine, a -

Potent Inhibitor of Hepatitis C Virus Replication”, Journal of Meédicinal

Chemistry,'2005 48, 5504-5508, a copy of Wthh 1s marked as

ANNEXURE-Z) discloses the desrgn synthesrs and antiviral actrvrty of 2°-

deoxy -2’-fluoro-2’ -C- methylcytidine(compound 1), and. to 2’- deoxy -2’-

fluoro-2’ C methyl uridine (compound 9) in the treatment of hepatitis C v1rus' '

(HCV).

— , i:gm,pound 1 . : compound 9

Figure 7: 2’-deoxy-Z’-ﬂuoro-l’-‘C-methyl nucleosides

Clark. et al describes compound 1 (of Figure 7) as a potent inhibitor of

hepatitls C virus see section. ‘Results and Discusswn and Table 2 on page
12112015 1@ 48

\
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5506 of Clark et al). Clark et al, discloses that 2’-deoxy-2’-fluoro-2’-C-
methyluridine was synthesized to “facilitate future in vivo studies (see page

5506, left column, paral of Clark et al).

‘WO 2005/003147, titled “Modified fluorinated nucleoside ~analogues”

' .published on January 13, 2005, a copy of wilich is marked as ANNEXURE-3,
with wuracil and -cytosine bases: WO’147 disploses on bage 39, 12
embodiments;—tbe 2’ deoxy-ﬁ’-ﬂuoro-2’C-methyl nucleosilde and in parti}cular
the cytidine and the enol uracil derivatives. WO "147 disclosed that prodrug is

“a viable option for increasing the ph@acokinetié and physicochemical

properties of these molecules.

It may be noted that the configuration of the molecule in WO ’147 is

2;methyl-up-ﬂu0ro-d0\}Vn configuration. .

T e RSN OO SRl — - - o= - s oo e oo

. Figure 7: 2’methyl-up-fluoro-down configuration disclosed in WO’147

WO °147 discloses enol form of the nucleoside in chemistry, it is a well
known fact that Uracil can ekist in both keto and enolic forms and that at a
physiological pH the keto form prevails. Hence, WO *147, clearly sets out the

stereochemistry and various possible configurations for nucleoside bases.
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Furthermore, WO >147 sets out the advantages of admirristering the molecule
in a prodrug form. “Any of the nucleosides described herein can be

administered as a nucleotide prodrug to increase the activity, bioavailability,

stabzlzty or otherwzse after the properties of the nucleoside. A number of -
nucleotide prodrug ligands are known” [see page 45 line 23 et seq; page 46,
hnes 16-17 of WO’ 147] This renders it plausible that the claimed nucleotrde
prodrugs have a useful activity; b1oava11ab111ty and/or stability [see page 57,
lines 15-17 of WO’147]. Prodrugs containing a pho'sphate group are also set
out in WO ’147 [see page 57, line 25 and page 59, lrrre 16-23]: ‘T.hus', WO’147
teaches that administering nucleoside prodrug Will._'irrcrease tbe acrivity and
modification of the mono-, dr- or triphosphate of mreleoside redoces polarity

and allows passage into cells.
T Prodrug of B-D-Z’-Deoxy-2’-Fluoro-Z’-C-Methyl nucleosides-were known

Several .nucleoside analogues were known for the treatment of.anti-viral

 diseases such as HIV, HCMV, HSV, HBV and HCV. However, many of these

et
-
£

~ nucleosides had' problems relating pharmacokinetics properties.: These

problems were generally known as “ﬁrst kinase bypass” or “first

phosphorylatlon bypass” and “the cell permeab,llrty (entry of the drug into the
cell)”. .With respect to first kinase bypass relates to the-known problem‘ where 4 |
some nlrcleosides fail to undergo the ne-c.essary phosphorylation to the active
| triphospbate nucleotides either because they are poor substrates, for "the first
phosphorylation“to the monophosphate nucleoside or due to the absence of the

phosphor'ylating‘ enzyme (kinase): However, the problem of the first kinase

...,-
3
Y
S
r
"'}"

AT A bylpass ‘was (overcome by., theg correspondlng monophosphate nucleosides.



Monophosphate nucleosides "however ~ have some disadvantages over
nucleosides. Because of their negative charge on the oxygen atoms of the
phosphate group at a physiolc;gical pH, their ability to enter Iinto the cell was
e —shown-to-be-very poor-As a conseduenc&ﬁonophosphate nucleosides showed — e
generally low or no activity in vitro leading to the second mentioned problem:
the cell permeaBility problem. To 6vercome the first Kinase bypass and the
cell permeability problems, the ProTide approach was developed which led to -
the cievelop,ment of the “phospho;amidate” prodrug moiety [See page 4, para 1
and 2 of Joﬁes et al “Minireview: nucleotide prodrugs” Antiviral Research 27
' (1995) 1-17]. By uéing this prodrug strategy, the ﬁrst_and," inefﬁciant rate-
iimiting phosphorylation stép of nucleostides could be circumventéd and thq
celiular penetration of nucleotides could be improved. The ProTide of a
| nuclabside phosphate is a phosphorarﬁidate prodrug consisting of* an amino.
acid promoiety linked via P~—N bond to. a nucleoside aryl phosp’hateg Such_ :
prodrugs hav:e increased lipophilicity and thus are capable of alteri‘né cell and

tissue distribution. The ProTide technology was-successfully and extensively -

applied to a wide variety of nucleoside phosphates, endowed with antiviral and
anticancer activity.

- e e ———— o ——— —_———— — — e —— - FUEDR UGV AU SR Y —_ =

For instance, Eisuke Murakami e al, 'Mechanism of Activation of D-2'-

Deoxy-2'—Fluo.ro-2'-c-Methy1cytidine and Inhibition of Hepatitis C virus -
NS5B RNA polymerase' Antimicrobial Agents a—n—d Che;motherapy, Feb. 2007,

. p- 503-509 a coﬁy of which is rﬁarked as ANNEXURE-4, highlights a similar
pharmacokinetic problem incurred by . B-D-2’-Deoxy-2’-Fluoro-2’-C- '

Methylcytidine (PSI-6130). Murakami ef al, discloses that-B-D-2’-Deoxy-2’-

I F 0 KOLKATA Fluoro2-C-Methylcytidine ;4@81-6130) is a potent specific inhibitor of



hepatitis C virus (HCV) RNA synthesis in Huh-7 replicon cells. It discloses
that to inhibit the HCV NS5B RNA polymerase, PSI-6130 must be
phqsphorylated- to the 5’-triphosphate form. In order for a nucleoside
e o -analogue-to- inhibit-the--viral polymerase,;i-t—mu;t to-be-activated to-the 5- -
triphosphate form-by host cell kinases. It discloses that PSI 6130 is not very
efﬁciéntly phosphorylatéd té PSI 6130MP (mono-phospahte) within thé cell. |

Typically, phosphorylation of a nucleoside to its-monophosphate is a rate-

—

limiting step for the activation of many cytidine analogues. However, PSI-
6130 monophosphate (PSI-6130-MP) was efficiently phosphoryla_fed to tHe -
diphosphafe and subsequently to thé triphosphate by recombinéﬁt ‘human .

UMP-CMP kinase and nucleoside diphosphate kinase, respectively. - -

dCK YMPK ~ NDPK
PSI-6130 —= PSI-6130-MP — PSI-6130-DP — PSI-6130-TP
'k.cal/Km . ’ Kcat'Km - ‘kcaI/Km
7 1.9x10* pMmsT 0.012 uM1s 0.015 uM™'s™?
|| 4.3 uM

" Inhibition of NS5B

Thus, Murakami et al, points toward's.the need for converting. B-D-2’-Debxy-2’-

Fluoro-2’-C-Methyl nucleosides into phosphate prodrugs such‘.as, phosphoramidate

— prodrugs for ifr;provfng fhe pharmacokinetic properties and-to-render the compound

more active as an anti-HCV agent.

II) Phoéphoramidat,e prodi'ugs'of compounds analogous to B-D-2’-Deoxy-2’-

Fluore-2’-C-Methyl nucleosides were known

The Pro-Tide approach was 4adopted in prior art in order to overcome the

I PO KL Kplidndhcokineticlprobldms assodiated with nucleosides analogues used as anti-HIV



- and anti-HCV agents. For instance, using the phosphoramidate prodrug, was
discussed' in Plinio Perrone, “Application of the phosphoramidate Protide approach
to 4'- A21dour1d1ne confers sub-micromolar potency versus Hepatltls C virus on an

o _.___ _inactive nucleosxde” Journal of Medicinal Chemistry, 2(107 ,-50,1840-1849 a.copy. of
which is marked as ANNEXURE-5, provides a discussion of protected nucleotide
prodrugs and the “Pro-Tide Approach"’. Perrone et al, ettempts to improve the
act-ivity of nucleotide pro-drugs against HCV. Perrone et al discloses that unmodified
nucleoside compounds are likely to be poor substrate fc-;r phosphorylation enzyme,sf’
and proposes the ProTide approachl as a suitable solution. Perfone et al opines thgi-t

- Pro Tide 'technelogy | greatly increases the lipophilicity of the nucIerid.'e"-
monophosphate analogue with a consequeﬁt iecreese of membrane permeation and-

intracellular availability.

Perrone et al dxscloses the appllcatlon of the phosphorarmdate pronucleotlde (Pro
Tlde) technology to the r1bonucle051de analogue 4’-a21dour1d1ne (AZU) to generate

novel antiviral agent.s for the mhlbmon ,of.hepatltls C virus (HCV).

Structure of AZU and -its coneeponaing phenyl-phosphoramidate ‘ProTide is -

disclosed below [see page 1841 of Perrone et alj:

A
- T - HN ' R ' . B
R | )\ \(&0 58 ,
_ O/o\ NH O)\N
. . _ . o .
M OH OH : N ;':f
AZU (1) 2 .

Figﬁre 8: Structure of AZU and its corresponding. 'phenyl-phosphoramidate
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cell.

The AZU (1) and the phenyl-phosphoramidate (2) indicates that the delivery of the

molecule into the cell can be altered by Protide technology. The penultimate sentence

. on the first page also confirms that “Aryloxy-phosphoramidates are considered to be

efficient lipophilic prodrugs of the cdrrequnding 5 ’-monophosphate species...” [see

page 1841 of Perrone et al].

Perrone et al reports that L-alanine phosphoramidate of 4’azidouridine with different

-

. substituents were prepared to explore the structure activity relationship in the ester

pésition. The biological activity of the L-alanine phosphoramidates in the HCV

column) and concludes that “the isopropyl ester (15) showed high potency and

represented one of the most active phosphoramidates prepared. ” Perrone et al -

disclose the preparation of “L-alanine-phenyl-phosphoramidate isopropyl ester”

' “prodrug of a uridine nugleoside in order-to deliver the nucleoside monophosphate into

i‘Further Petrone et al alsc; discyisses that the (R) - and (S) —~Configuration-at the

LFO

‘phosphate arid the difference in their biological activities.

1

treating HCV infection, will be aware that B-’D-2’-deoxy-i’fﬂﬁ)rba’-C-

methyluridine is diéclosed in WO 147 and Clark et al.’Further, Murakami et al,
suggests that B-D-Z’-deo.xy-%’-ﬂuéro-i’-C-methyl nucleosideé having problems
relating to phosphorylation and cell permeation. It was pointed out that conversion to
its ‘Ernlonophosphate is a rate-limiting step~for the activation of many cytidine

analogues. Furthermore, the skilled person in the art in light of the disclosures in

KOLKATA 12112815 16 40

replicon assay are presented in Table 1 of Perrone et al (see page 1843, left-hand 5

. Thus,. the skilled_person attemp,ting,to_prepar,e. a nucleoside prodrug _ formuIatiQh-fOr' .



- Perrone et al, will be aware that WO ’147 and Murakami et al ,fliscussed that in order
to overcome the préblems of first phosphorylation bypass and cell penﬁeation,
| phosphoramidate prodrugs strategy could be adopted. Furthermore, it is a well
I -established-concept-that pentavalent-phesphorous-atom-with a~d(’)uble- bond to-exygenr — —- —--
geﬁerally has a centre of ‘asymmetfy at the phosphorus atom and may give rise to a
, ‘ N
pair of stereoisomers and one of the latter could have a greater activity than the other
stereoisomer. It is very routine té identify the physiologically active stereoisomer and ’
- separate the stereoisomers. It is an established princ:iple that when
’ stéreoisomers/diast_ereomers of a compound énd_ the process of preparing them are
disclosed and claimed in the priqr érf, then mere uselof known process of separation

or isolation of such stereoisomers/diastereomers cannot be regarded to involve

inventive step.

Thus, before the priority date:
- Nucleoside analogue were known to be used for the treatment of HCV
2. .. 2’-deoxy-2,’-ﬂuoro-2’-C-m_ethyl nucleoside in particular the éytidine and the

- uracil derivatives were known to be active against Flaviviradae. virus and in

'particular against the HCV virus.

e s s e e e i = e —— e e e —_—— —— e e e — Y

“3. The metabolism of $-D-2’ -DeoXy-2’ Fluoro-2’ A -C- Methylcytldme (P.SI“6130)

results in the formation of the 5’-triphosphate of the uridine 'dcnvatlve—B-D-

. 2’-Deoxy-2’-Fluoro-2’-C-Methyluridine was already known and disclosed.

4, The ProTide approach was a well-known strategy to be used to overcome the

problems relating to the first kinase bypass and the cell permeability. A

1M
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5. Application of ProTide technology in compounds such as 4'- Azidouridine
resulted in better activity was known and disclosed.
6. - It is known that "L—alanine-phenyl-phosphoramidate isopropyl ester” prodrug

of a uridine nucleoside in order to deliver the nucleoside monophosphate into

cell.

In the light of the above disclosures, the alleged invention claimed in the impugned -
application is rendered obvious does not provide for any technical advance over the

existing knowledge and is obvious to a person skilled in the art.

III) | Process for synthesising phosphoramidate prodrug were known .

_ Claims 5 of the current pending set of claims relates to a process for preparing the
compound claimed in Claim 1. The process, as set out in claim 5.involves reacting a

phosphoramidate compound and a substitute;d or modified nucleoside.

It i‘s.jsub-mitied that the process claimed in Claims 5 is well-known in art and is

; "cor.nmonlyi p‘raéticed by skilled person while 'at'temp'ting to prepare a nucleoside

phosph‘oralﬁidate prodrug. For instance, WO 2006/_'121820 (hereinafter WO ’820)
“Phosphoramidate prodrugs for treatment of viral infection” published on 16

—— November-2006; -a'v'copy-bf—which is*marked'jas—A*NNEXb‘RE%; discloses2=methyl —— ——

ribonucleotide -phosphoramidates prodrugs which are converted in vivo to 2'-

'..méthyl ribonucleotide triphosphates. WO >820 discloise.s a basic scaffold as below: . —

=0
0

H

| o.
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The compounds as disclosed in WO’820 are nucleotides, i.e., .comprising a

nitrogenous base with that of a sugar having a phosphoramidate group attached to it.

. These compounds are also considered to be active against HCV. WO ’820 discloses

that modlﬁed nucleotldes and nucle051des are w1dely used. Though the active drug is

nucleotide triphosphate that the native nucleotide is never - administered to the patlent

because it is unstable in plasma and, being charged, does not penetrate the cell

membrane. The effectiveness of modified nucleotides as anti-viral thus depends not

only on the selectivity and affinity of the active drug for the viral polymerase, but also

-on the efficiency of the in vivo phosphorylation of the form that is administered.

Therefore the compound administered to the patient is a prodrug; the active drug

- results from intracellular phosphorylation to yield the triphosphate.

Figure 10: Compound disclosed iu~W0’820

Further, WO ’820 discloses a general method of synthesising the phosphoramidate

- pro'drug as below:

Figure 11: Synthesis of Phesphoramidate Prodrug

The above process involves the reacting the modified or substituted nucleoside and a

'phosphoram1date compound WO 820 also discloses that due to the chirality of the

.-TP»‘; 1211285 1Us



" phosphorous atom, all nucleoside phosphoramidates are obtained and tested as

mixtures of enantiomers and diastereor‘ners.‘ A skilled person in light of the disclosure

_ in WO’820 would be motivated to use the analogous process as claimed in Claim 5
e ior—prébar—ing the -eorﬁpound—claimed in Claims 1 Therefore-claim 5-is rendered o

obvious in light of the disclosures in WO’890. Further, Claim' 1 relating to a

compound. and Claims 2 and 3 relating to stereoisomers prepareci through known

processes are also rendered ob\'/ious in light of the disclosures in WO *890. Claim 5

will thereby be rendered obvious i}l the light of the disclosures in the prior art

disclosed above.

WO ’820 discloses a pharmaceutical composition comprising one of more of the
compounds of the invention, in combination wifh_ pharmaéeutically -acceptable
carriers, éxcipients, and other additives, as are well known in the art. Thé
pharmaceutical compositions may be adapfed for oral or pareﬁteral administration. A
—_ . Thus WO ’820 ‘teaches tha‘t»A pharmaceutical combésitions of phosph_oranﬁdate
prodrugsA could be pref)ared. Thus, the.in light of the aiscloéure in WO’820? th‘é-.

" composition Claim 4 is rendered obvious.

Thﬁs, all claim 1-5 are obvious by a combined reading of the above detailed prior art
o .

o - ____ __ documents. Hence all claims ought to be rejected and the impugned application ought

K ‘tol.)erefused. - R . ' ' . | —

GROUND 1Y

I) Section 25 (1)(f): Subject of claims 1 to 5 is not an inyention within the meaningﬁ '

of this Act or is not patentable under this Act

a) The Subject matter of the claims 1-5 do not constitute an invention as

IPO KoL KATA ‘uri_de_rstocbd'fum‘d’er Sectipn-2(1)(j}of the Act:
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b)

It is submitted that since the Claims 1-4 are not inventive and lack industrial
application, they do not constitute an ‘invention’ under the Act. All averments

made herein above are reiterated in this ground and not repeated for the sake

The subject matter of Claims 1, 2 and 3 are not an in\}ention under Section

= -3(d) of the Act:

The compounds of the impugned specification are nothing but derivatives of
compounds known in prior art. The compounds claimed in the impugned

application are derivatives of phosphoramidate. This is an admitted position

by the Applicants. The derivatives as disclosed in the impugned application do

not possess enhanced therapeutic efficacy over the closest compounds.

Activities of compounds of Claim 2 and 3 are not specifically disclosed. In

order to discharge the burden of section 3(d), the Applicant ought to have

cbmparéd and displbécd the thérapeutic efﬁcacy of the claimed compounds -

. with the closest compounds disclosed in pfior art. The: applicant. has failed to

. ,discharg,e ihi"s..i')ur'den.

The.subject matter of Claim 4 is not patentable under Section 3(e) of the Act:

~ These claims are drawn towards to a composition. The composition reflects

~ only the qualities of the individual components and does the functions only of

IPE KOLKATA

its individual components and has no enhanced effect or does a new function
different from that of its constituents. Therefore the composition as a whole
results only in the aggregation of the properties of its components without any

synergistic/enhanced effect and hence is not patentable. under section 3(e) of

the Act. Therefore, thesé claims ought to be rejected on this ground.
T2112015 10=48
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In regard, the Opponent craves leave to refer and rely on submission made in
Grounds I-III above and the same are not being reiterated for the sake of

brevity.

GROUND IV

I) Section 25 (1)(g): Tne complete specification does -not sufficiently and clearly

describe the invention or the method by which it is to be performed.

A.  Best mode not disclosed

a. Examples 5-8 discloses a process for the preparation of methyl ester

analog of sofosbuvir. The impugned specification provided in

examples 13-54 and 56-66 in a table form and it is evident that the

examples are only theoretical and have not been carried out on the

“bench.

. b. Claims. 2 and 3 are drawn .to diastereorher_s. - The separation. of a
mixture. of - diasteréoisomers at the phosphorous atom 1into _the

indi‘vidual“"Sp"'*'and """ Rp_“—“diastereoi'sornerS"“'i's*set""ouf at Example 81 on

'p‘age 43. However, example 81 only pro{/ides the conditions of .

A chromatographlc resolutlon of the d1astere01somers of compounds 125, |

39 and 49 but not of Example 25 which corresponds to the compound
| of Cluirn 1. Example 25 does not specify the chromatographic
conditions to separate the diastereoisomer mixture of Example 25.into
two diastereoisomers of claims 2 and 3. Hence, there is no

exemphﬁcat1on of the compounds claimed in Claim 2 and 3. —

8 KOLKATA 12112615 o 4¢
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c. Example 82 is drawn to in vitro assay of the compounds-of the .
impugned patent application. The most active compound appears to be

~ the compound disclosed at Example 49 followed by Example 55, then

— e ;exarnléles 27 _69-and-70. Since,-the-amended-¢claims- are-net-drawn- te — —— -
" any these compounds such compound should be considered as

disclaimed.

B. The claims of the alleged>inVention are not appropriately supported by -

the impugned specification

1. - AClaim‘4 is relates to a pharmaceutical co_mf;dsition of the compound
which is claimed i‘n Claims_ 1 to 3. However, Claim 4 is not supported
by~ the -description in the specification. Tixe specification gives
definition of pharmaceutically acceptable medium which broadly
covers exéipigpts, carrier and dilugnt. prevér_; there is._no suggestion ~
in the impugned'appficétibn regar_-di—ng'the manner in whi:ch the; specific
ekéjpiénts, cér._r-i.ép, and' diluent | are .tc') t;)e used * for 'tﬁe.'spec.iﬁc

. compounds of claimed in Claims 1-to 3. Further, CAlaim' 4 lacks

' v_sufﬁcient disclosure for obtaining the composition of compounds

. e+ claimed in claims 1 to 3. The specification does not.disclose the best . . __ .

form of administrafion of the drug and specific excipients for the
- preparation . of best mode .‘of adm'rnistrétibn ~are not disclosed.
The}efofe, a pérson skilled in the art will not be ‘ab,le. to make the:
specific composition‘of compounds in Claims 1 to 3 from the

disclosure -in the impugned specification. The impugned application

IP0 KOLKATA 1211201
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claims the diasteromeric forms in Claims 1 to 3; however this is not

~.

disclosed in the description.

2. The process as claimed in Claims is not disclosed in and supported by

the “impugned speciﬁéation. The speéiﬁc process conditions and

parameters are not disclosed in the specification.

3. These claims have been incorporated aé amended claims filed in 2015;
appearé to be a new matter which draws no support from the
specification. For: ins.tanc,e',__Claims_ 2. and .3 are completely a new'
matter and is ﬁot supported in the specification. In th¢ aBéence of
appropriate -support in the impugﬁed specification such claims ought

not to be granted. -

In view of the above, the complete specification of the imf)ugned application
—is insufficient and does not describe the bési of mode of pérforrriing the

invention.

-GROUND V

| §) Section 25 (1) (h): Thé Applicant has failed to disclose to the Controller the

* information required under Section 8.

The Applicant is required te provide all the information regarding the prose'cution of
the corresponding appliéations until the g}ant of the Indian Application to the
Controller in writing from time to time and also within the prescribed time, which

applicant failed to comply with.

IPO0 WOLKATA 12112015 1040
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Under section 8(1) of the Act the applicant was under obligation to furnish to the
Patént Office details of corresponding foreign applications and also to furnish an
undertaking under section §(1) (b) énd subsequently furnished further details with

—respect-to-corresponding-foreign-applications-including their-statusfrom-time-to-time. -——— ———-

The opponent thereby states that the applicant is required to provide all the
information regarding theAprosecution of his equivalent app]icatio'n; till the grant of
his Indian App]iéation toAthe Controller in writing from time to time and also within
the prescribed time, which the applicant has failed to do. The applicant has failed to
furnish statement and undertaking under section 8, therefore the applicant -has the -

opponent demands rejection on this ground also.

'Aé-cordingly thé applicant is inider the obligatioﬁn to submit the application in respect
of the same or substantiaily the same invention or to file along with his application a
. statement setting out his knowledge for such an application being prosecuted by some
pérs’on thfough Wht‘)ﬁ‘héi‘c"léims or by some person deri.vin_g. title froﬁl' hirii; "H’OWe’Ver;

* the applicant has failed-to furnish statement and' undertaking under section 8, and the .

opponent therefore demands rejection on this ground also.

It i1s submitted that the Appiicant/Respohdent has failed to disclose the details of

e e -—cofrespendinvg—'foreign—appl-ieét-ions»—-ﬁléd,:_;gi_nd—on—this——gmund—a-lone--«~t-he —patent-—— - — - '

applicati—or; should be rejécted.
PRAYER
In the fact and circumstances of the case, the Opponent prays as follows:

a. that the Indian Patent Application No. 3658/KOLNP/2009 made by

AT &

lr‘r”'— KAT A P}TELA:R;\/IASSI% }', INC% gjéoﬁ'ﬁcg%ation organized and existing under and by
N . . A




~.

virtue of the laws of the state of Delaware. 303A, Collégé Road ‘East,
Princeton New Jersey 08540, United States of America. be rejected under

Section 25(1) of the Patents (Amendment) Act, 2005;

b. ‘the Opponent may be allowed to file further documents as evidence if

necessary to support their averments;

C. the Opponent may be allowed to amend the opposition, add additional

grounds and documents if required;

d.- the Opponent may be granted leave to adduce evidence in support of the
“opposition;
e.  the Opponent may be granted an opportunity of being heard in the matter

before any intention final orders are passed;

f_ the Opponent may be allowed to make further submissions and file rejoindéf . .
or 'ot-her-appropriate evideﬁcé in case the applicant makes any amendments in

the claims;

g. any' other reliefs considering the facts and circums}anceé may be granted in

. __.Afa\couLoﬁthe..Opponentjn,thejnteﬁesLofjusﬁce.;__ S S

Dated this 23" day of October, 2015 . o
. . " <
——- ) . . V . / W@
| Jotas WY
' CHITRA ARVIND -

'FOR RAJESHWARI & ASSOCIATES
AGENT FOR THE OPPONENT

e
)
Pk
T

I~
T
-
I
fort
[




ANNEXU RE~|

1

(i2) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION T REATY PCT) | L?)

(19) - World Intellectual Property
Organization
International Bureau

(43) International Publication Date
10 February 2005 (10.02.2005)

PCT

IS AT,

(19) International Publication Number

WO 2005/012327- A2

CO7H 19/10,

(51) International Patent Classification’:
A61K 3177068, 31/7072, AG1P 35/00

(21) International Application Number:

PCT/GB2004/003148
(22)‘ International Filing Date: 20 Jilly 2004 (20.07.2004)
(25) Kiling Language: ° English
(26) Publication Language: /" English

(30) Priority Data:

0317009.9 21 July 2003 (21.07.2003) GB
(71) Applicant (for all designated States except US): UNI-

VERSITY COLLEGE CARDIFF CONSULTANTS

(74) Agents: HOWARD, Paill, Nicholas et al.; Carpmaels & T
Ransford, 43-45 Bloomsbury Square, London WC1A 2RA
(GB). )

(8D—-Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ. BA, BB, BG, BR,BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE;-GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP,KR; KZ,LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, T1, T™M,
TN, TR, T1,TZ, UA, UG, US, UZ,VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every

—_— LIMITED [GB/GB]J; P.O. Box 497, 30-36 Newport Road, kind of regional protection available): ARIPO (BW, GH,
= Cardiff CF24 ODE (GB). GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
= 7W), Eurasian (AM, AZ, BY, KG, K7, MD, RU,TJ, TM),
== (72) lnventor; and ) European (Al BE, BG, C‘H, CY, CZ, DE, DK, EE, ES, Fl,
== (75) Inventor/Applicant (for US only): MCGUIGAN, FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, S,
— Christopher [GB/GB], 2 Alfreda Road, Whitchurch, SK, TR), OAPI (BF, Bl, CF, CG, CI, CM, GA, GN, GQ,
= Cardiff CF4 2EH (GB). GW, ML, MR, NE, SN, TD, TG). - :
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—~€hemical Compounds

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

" cancer.

Nucleoside analogues such as fluorodeox yuridine (1), cytarabine. (2) and gemcitabine (3)
- are well established as anticancer agents. They function as inhibitors of DNA synthesis

after activation to their 5’-phosphate form.

0 o

F NH; ‘ ) NH
HiN r NN I‘\N

HO9 o HO‘\@ : How
10 TR ) ' H 8? ‘ oH r ©

The free bioactive phosphate forms do not in general represent useful drﬁgs due to their -
poér membrane permeation. In an effort to circumv’eﬁt this a number of phosphate pfo-
drug aﬁproaches have been reported [Rosewsky et al, J. Med. Chem., 1982,.25, 171-8;
15 }-iong et al, J. Med.'Chem., 1985, 28, 171-8; Kodama et .al, Jpn. J. Céncér Res., 1989, 80,
679-85; Hong-et-al;1979; 22, 1428-32; Ji et al, J. Med. Chem., 19_90;‘"3‘3‘,;‘2264‘-‘70;. Jones et

al, Nucletc Acids Res., 1989, 17, 7195-7201; Hunston etal, J. M.edl Chem., 1984, 27, 440- _

g " 4; Lorey et al, Nucleosides Nucléotides, 1997, 16, 1307-10; Farquhar et al, J. Med. Chem.,
1983, 26, 1153-8; Shuto et al, Nucleosides Nucleotides, 1992, 11, 437-40; ALe Bec et al,

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

In general the phosphate prodrugs have biological properties and therapeutic activities that -
are similar to, or somewhat lower than, the parent nucleoside analogue.

25 We have cammed out extensive work in this area from an antiviral perspective, largely on
dideoxy nucleosides, and have reported a phosphoramidate approach which has been

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

I RO KO &dnbic id i bhbspharimidate (4 dervad from anti-HIV d4T (5)
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Me:O_{i-CH-N—f?-okcz/ Ho-e/ -

Ho : —

@ = @) | (5)

We observed the effect of vaniations m thé ester [McGuig:ih et al, AVCC, 1998, 9, 473-9}, -
amino acid [McGuiga'n'et/:a], Antiviral Res., 1997, 35, 195-204;AVCC, 2000, 11, 111-6],
and aryl [Siddiqui et al, J. Med. Chem., 1999, 42, 393-9].regions of the phosphor®1idate,
as well as the effect of amino acid stereochemistry [McGuigan etal, AVCC, 1996, 7, 184-
8); phosphate stereochemistry [Allender et al, Aﬂalytica Chim. Acta, 2001, 435, 107-13]

and nucleoside [Balzarini et al, BBRC, 1996, 225, 363-9; McGuigan et al, BioOrg. Med,

10

15

20

Chem. Lett., 1996, 6, 2369-62; McGuigan et al, Bioorg. Med. Chem. Lett., 2000, 10, 645-
7. -

This work has lead to the optimal description of phenyl methoxyalaninyl phosphoramidate
as the prototype. pro-moiety for the intracellular deliver;/ of bioactive nucleotides
[Balzarint et al, PNAS, 1996, 93, 7295-9; McGuigan et al, J. Med. Chem., 1996, 39,__'1_7‘{1._8_—_“_.__% o

Lackey et al [Biochem Pharmacol., 2001, 61, 179-89] have reported the-application of our
phosphoramidate pro-drug method for antiviral nucleosides to the anti-herpetic agent

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

' methoxyalaninyl phosphoramidate (7) has significant anti-cancer activity. This is in

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

o Br : o % Br

HN

.
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Limited SAR has been presented by this group, although in their patent applications
[W00239952, EP1200455, CA2317505, US6339151, EP]]6797 AU245160]] they claim
a series of general variations in the base, and phosphate regmns However, based on our- ~
5 prior art, the phenyl methoxyalaninyl phosphoramldate (7) would be antlcxpated to be .

amongst the most optimal .of structures.

Surprisingly, it has now been found that other denvatwes of oxyamino acid-
phosphoramidate nucleoside analogues are significantly more potent in the treatment of '

10 cancer than the phenyl methoxyalamnyl phosphoramidate (7).

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

formula I: o ) -

o e - OH — e e s e -

~

wherein: v :
R 1s 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
20 which they are attached, a cychc system; .

Q is selected from the group comprising -O- and - CHZ 5

X and Y are independently 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 ppiionally substituted;

TPO KOL Zissleued igmitic gréup Smptisthg B dlkyl and halogen; and
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nisOorl, ' T
wherein .
when n is O,:Z’ is -NH; and a double bond exists between'position 3 and position 4,

and

 45 whennis 1,2’ is =0;

*or a pharmaceutically acceptable derivative or metabolite of a.compound of formula I;’

with the proviso that when n 1s 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 (-CHs), then Ar is not. phenyl (-C¢Hs).

By “a pharmaceutically acceptable derivative” is meant any pharmaceutically acceptable
" salt, ester or salt of such ester or. anyA other compound which upon administration to a
recipient'is capablé of providirig (directly or indirectly) a compound of formula D. '
15 | | -
Suitably, except where R is 2-B1; (-CH,-CH(CH3),) and one of R’ and R” is H and oné of

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

20 By.phammaceutically acceptable metabolite” is meant a metabolite-or-residue of a

ﬁ R. 9
R—O-C—%—N—mo
" o
R* H OH

X
Y

OH

compound of formula (1) which gives rise in use to a compound of formula (J1):

wherein n, Q, R, R’, R”, X, Y, Z and 2’ have the meanings described above and below for

25 formula I, and additionally R can be H, with the proviso that when nis 1, X and Y are both

KOEKATA 12112815 108:40
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H, R is methyl (-CH3), one of R’ and R” is H and one of R’ and R” is methyl (-CH3), then
Z is not —-CH=CHBr.

Smtably, with respect to compounds of formula 1, when nis 1 and Z either is or is not —

CH=CHB;r, the moiety ROCOCR R”NH- corresponds nexther to alanine (ie as above Riis .
not methyl (-CHj3), one of-R’ and R” is not H and one of R’ and R” is not methyl (-CH3y)) .

* nor to tryptophan (ie a-amino-B-indoly]propionic acid).

- More suitably with respect to compounds of formula 1, when n is 1 and Z either is or is not;'

I ‘
~CH=CHBEr, the moiety ROCOR’R”NH is neither derived from nor corresponds to any

naturally ocurring amino acid.

Even more suitably, with respect to compounds. of formula 11, wherinis 1 or 0, the moiety
'ROCOCR’R”NH- does not correspond to alanine (ie R is not methyl (-CHs), one of R’ and
R” 1s is not H and one of R’ and R” is not methyl (-CH;)), does not preferably correspond
to. tryptophan, and even more preferably the seid moiety does not correspond to .an)-/

naturally ocurring amino acid.

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

20

25

30

)

‘}

non-naturally occurring.amino.acid. ..

Reference in the present specification te an alkyl group means a branched or unbranched,
cychc or acyclic, samrated or unsaturated (e.g. alkenyl or alkynyl) hydrocarbyl radical.
Where cyclic, the alkylene group is preferably Cj to C),, more preferably Cs to C,o, more
preferably Cs to C;. Where acyclic, the alkyl group is preferably C;, to Ci, more
preferably C; to C.

Reference in the present specification to an aryl group means an aromatic group containing

5 to 14 ring atoms, for example phenyl or naphthyl. The aromatic group may be a

_heterouromatic group containing one, two, three or four, preferably one, heteroatoms

selected, independently, from the group consisting of O, N and S. Examples of such
heteroaromatic groups include pyridyl pyrrolyl, furany! and thiophenyl. Preferably, the
L \aryl group coniprisés phéng) br subsfitated phenyl.
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The alkyl and aryl groups may be substituted or unsubstituted. Where substimted, there

____will generally be one to three substituents present, prjcfe'rébly one substituent. Substituents

5

may include halogen atoms, by which is meant F; Cl, Br and I atoms, and halomethyl -~
gréups such as CF3 and CCl3; oxygen containing groups such as oxo, hydroxy, carboxy, . -

carboxyCi.jsalkyl, alkoxy, alkoyl, alkoyloxy, aryloxy, aryloyl and aryloyloxy;. nitrogen

. “containing groups such as amino, C,.alkylamino, diC,.¢alkylamino, cyano, azide and nitro;

10

15

20

sulphur containing groups such as thiol, C,.¢alkylthiol, sﬁlphonyl and sulphoxide;

hetefocyclic groups which mzlly' themselves be substitu‘tedﬂ.;— alkyl groﬁps as defined ab'ove,j.~
which may themselv'es be substituted; and aryl groups as defined above, which may

themselves be substituted, such as pheny! and substituted phenyl. Substituents on said

heterocyclic, alky!l and aryl groups ére as de_fmed‘ immediately above.

Reference in the present specification to alkoxy and aryloxy éxoups means, respectively,

alkyl-O- (for example where alkyl is C; to Cy, preferably C; to Cg) and aryl-O- (for-
example where aryl is a 5 to 14 membered 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).

_alky]—CO_- (for example} where alkyl is Cl. to Cy¢, preferably C; to C4) and aryl-CO- (for

_, example where aryl-is a 5 to 14 membered aromatic ‘'mono or bifused fing mdiety,-

25

30

optionally containing .], 2,30r4 heteroatoms selected; independently, from O, S and N,

preferably aryl is phenyl).

Reference in the present specification to alkoyloxy and aryloyloxy means, respectively,
alkyl-CO-O (for example where alkyl is C; to C)s, preferably C, to C¢) and aryl-CO-O (for
example where aryl is a 5 to 14 membered mono- or bifused aromatic ring system,

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

preferably aryl is phenyl).

Reference in tghe present specification to heterocyclic groups means groups containing one

; TR KoL o more, rpyrrolylt imidazolyls, pyfaziolyld thiazolyl, isothiazolyl, oxazolyl, pyrrolidinyl,

Reference in the.present specification to_alkoyl and aryloy] groups means, respectively, - . ...




.20.__Preferably, R is methyl {-CH3), ethyl (~C2H§), n- or. i- propyb(=CsHs), n- or i- butyl (-C4Ho)"

WO 2005/012327 o - ‘ PCT/GB2004/003148
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7

‘pyrrolinyl,' imidazohdinyl, imidazolinyl, pyrazolidinyl, tetrahydrofuranyl, ‘pyranyl,
pyronly, pyridyl, pyrazinyl, pyridazinyl, piperidyl, piperqzinyl, morpholinyl, thionaphthyl,
benzofuranylk—isobenzofuryl, indolyl, oxyindolyl, isoindolyl, ind"»;izo]y] indolinyl, 7-
azamdoly] isoindazolyl, benzopyranyl, coumanny] 1socoumannyl quinolyl, isoquinolyl,
naphthridinyl, cinnolinyl, quinazolinyl, pyrxdopyndyl t_)enzoxazmyl, quinoxadinyl, -

cﬁromenyl, chiromanyl, isochromany] and carbolinyl.

The group Ar comprises a substituted or unsubstituted aryl group, wherein the term ‘féryl
group” and the possible substxtutlon of said group is as defined herein. Preferably, Ar is a4.
substituted or unsubsmuted phenyl group. Particularly preferred subshtuents 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-trifluoromethyl-phenyl, Q-cy'a'no-pheny], or p-nitro-phenyl. When Ar is -
a heteroafomatic gro-up, preferably it is Optionally'substimt-ed pyridyl. )

Suitably, R is a Cy_j primary or secondary alky] group, a Cs carbocyc]icAary] group ora
C.salkylCs. “aryl group. More suitably, R is a Cy.j9 alkyl group, a phenyl group or Cj3

- -alkylCs.; aryl group. Preferably R is unsubshtuted

or benzyl (-CH,;C¢Hs). Most préférably, R is benzyl. Particularly, R is preferably benzyl
when one of R’ and R” is H and one of R’ and R” is methy] (-CH»), especmlly when Aris
unsubsmuted phenyl, nis 0 and each of X and Y is F.

Suitably, R’ and R” are each independently selected from the group comprising H, Cy
primary, secondary or tertiary alkyl, C,3alkylCs.jaryl, or, when together they form an
alkylene chain, they provide, together the C atom to which they are attached, a Csg

carbocyclic aliphatic ring.

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 (-CHy), secondary buty]

(-CH»-CH~(CH3)p), benzyl (-CH,CgHs), or, together with the C atom to which they are
attached, provide a Cs.¢ ring,— -~ '

5 Preferred compounds include those where R’ and'.R” are both methyl, one of R’ and R” is -
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.

When R and R” are different, the C atom to which they are at_tach'ed is chiral. The present |

10 compounds can be L or D or a mixture of Stcreoiosorriers. Preferabfy they are L.

It will be appreciated that the moiety —O-C(0)-CR’R”-NH- corresponds to a carboxy-
ﬁ_rgtected 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 and one of R’ and R” is Me or PhCH;,h the

méiety correspohds to alanine or phenylalanine, respectively.

Preferably, the stereochemistry at the asymmetric centre -CR’R” corresponds to an L-
20 amino acid. ,Ih.e_‘-st.e.r_egchemi'str‘y at "the asymmetric centre —CR’R”_.can, .however,
- correspond to a D-amino acid. Alternatively, mixtures.of of compounds can be employed

having asymmetric cesitres corresponding to L and D amino acids. "

In the present specification by “naturally occurring amino acid” we mean Alanine,
25 Arginine, Asparagine, Aspartic Acid, Cysteine, Cystine, Glycine, Glutamic Acid,
Glutamine, Histidine, Hydroxylysine, Hydroxyproline, Isoleucine, Leucine, Lysine,

Methionine, Phenylalanine, Proline, Serine, Threonine, Tryptophan, Tyrosine and Valine.

The bresent invention is not, however, limited to. compounds having a moiety
30 _corresponding to a naturally occurring amino acid. The present invention specifically
includes compounds having a moiety which cormresponds to a non-naturally occurring
amino acid, such as, for example, those where R’=R”=alkyl, or, where together with the C

K 0L hfofn Ttowhikh2tley. ateCattabhed) & *arfll R> provide a cyclic moiety. Preferably with
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respect to the compound of formula 1, the moiety ROCOCR’R’ ’NH- corresponds to or is

derived from a non-naturally occurring amino acid.

With respect to compounds of formula 1 when n is 1, the moiety ROCOCR’R”NH- '
S preferably neither corresponds to nor is derived from alanine, more preferably neither -
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 compou/nds_of formula 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.

.P.referab]y Q is O.
15

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 is H.

20 When n is 0, preferably each of X.and- Y. is.F, .‘or'X is OH and Y is H, or X is H and Y- is
OH. ' '

WhenZ is F, Qis O, nis 1 and X and Y arc cach H, the base moiety of the compound of
formula I corresponds to that of fluorodeoxyuridine i.e. compound (1) above.

25 _
When Z is H, Q.is O, nis 0 and X is OH and Y is H, the base moiety of the compound of

formula I corresponds to that of cytarabine i.e. compound (2) above.

When Z is H, Q is O, n'i's 0 and X and Y are each F, the base moiety of the compound of

30 formulal comasponds'to that of gemcitabine i.e. compound (3) above.

When Z is H, Q is O, nis 0 and X is H and Y is OH, the base moiety of the compound of
I 20 K0k fomul fcorfespdnds i thit 5f cylidihé 4 &
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Compounds. of formula I wherein n is 0 and X and Y. are F are preferred. Particularly
preferred are compounds of formula 1 wherein n is 0, X and-Y-are F, Q is O and Z iS'H,

corresponding to phosphoramidated gemcitabine. -

‘Also preferred are compéunds of formula ] wherein n is 0 and X is OH and Y is H.
* Particularly preferred are 'éompounds of formula I wherein n is 0, X is OH,YisH,Qis O

and Z is H, corresponding to phosphoramidated cytarabine.

10 --Also preferred are compounds of formula I wherein n is 0 and X is H and Y is OH.
Particularly preferred are compounds of formula I whereinnis 0, XisH, Yis OH, Qis O

andZ is H, corresponding to phosphoramidated cytidine.

Suitably, Ar is a 5 to 14 membered aromatic ring moiety. The one .or two rings may - -

15 1include 1, 2, 3.0r 4 heteroatoms, preférably 1, selected, independently, from O, S and N.

Pré‘ferabiy, Ar is a carbomonocyclic aromatic ring moiety. More preferably, Ar is a Cg

. o ‘monocyclic aromatic ring moiety, ie is optionally substituted phenyl.

R 20__One, two, thre@: or foqr_substituents, which may be the.same.or di.ffgrent, may b'c; present on
Ar and are ;elect‘ed from the‘group éomprising halogen, ‘which~ may -F, --Cl, -Br or -I; -
NO,; -NHy; optionally substituted -C:3alkyl; optionally sub‘siituted -C..;élkoxy,'preferably
methoxy (-OCH3A); optionally substituted —SC,.;alkyl;'—CN; optionally substfm;ed -COC,.
salkyl; and optionally substituted -CO,C 3alkyl. The optional substitutents are one or
25 more up to six, preferably three, members selected from the group compn’éing halogen
which may be F, Cl, Br and I and NO,. Preferred substituents on Ar include F, Cl, CF;,
and NO,. |

The substituents may be at any position on the ring moiety. Where the ring moiety is Cg ie
30 phenyl, a single substituent at the 2 (ortho) or 4 (para) position is preferred. Where Ar is

phenyl, a single substituent at the 4 position is more preferred.

IPG KOLKATA 121322015 1040
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"~ Preferably, Ar is an optionally substituted pheriy] m(;iety. More preferably, Ar is selected
form the group compﬁsing: Ph-, pCF3;Cg¢Hy-, pFC5H_44, PpNO,CeHy-, pHC]CGH;;- and
0CICsH,-. _ ' -

5 Suitably, Z is selected from the group_compﬁsing H Cy.6 alkyl, substi’tutediCM alkyl, Cy.¢ -
a]keny] substituted C,._¢ alkenyl Cie alkyny] substituted Cy.¢ alkynyl and halogen, where
" halogen is F, Cl, Bror 1. Substituents that may be present on’ the alkenyl or alkynyl moiety
are selected from the group comprising F, Cl, Br, 1, and ~CO;Me. One, two or three
substituents may be pr.ese?t. The a]kényl and alkynyl grbups may contain one or more sites. .

10 . of unsaturation. -

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

atom.

15 *Preferab]y Z is selected from the group comprising H, F, 6ptiona]ly substimtcd Ci.ealkyl
parncularly Me (-CH3), optionally substituted C,.¢alkenyl and optionally substltuted C.
(,a]kyny] the opt1ona] substituents bemg as recited immediately above.

a } .
When n is 1, Z’ is O, Qis O and X and Y are each H, preferably Z is a substimted ;-

20 alkenyl (i.e_.ethenyl or vinyl) moiety (-CH=CH-); more preferably,..Z is- bromovmyl (<
CH=CHBr) or methy]propenoate (—CH CHCOch) and -most preferab]y, Z is —
CH=CHBr. A T T ‘

With respect-to compounds of formula 11, preferably when n is 1 and X and Y are both H,
25 thenZisnotF.

With respect to compounds of formula 11, when n is 0, preferably X7is not H and Y is not

OH, more preferably X is OH and Y is H or X and Y are both F.

30 With respéct to compounds of formula 1, when n is 0, X is OH and Y is H, preferably
neither R’ nor R” is phenylmethyl (ie benzyl) or 3-methyiindolyl (ie 3-CHazindolyl).

o 40
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Surprisingly, modifying the ester moiety 'in compound (7)-has been found to show a
marked increase in potency with respect to"can'cer cq]l lin@asj A preferred compound

embodying the present invention is the benzyl ester (8). It has sufpriéingly been found that

the benzyl ester (8) is very significantly more potent against several cancer cell lines than

the methyl ester (7):

Compound (8) inhibits the growth of colon cancer cell line HT115 by 50% at 1.4 uM,

whilst (7) requires. a concentration of 244 pM; (8) is thus 174 times more potent.
Compound (8) is also 8 times more potent than (7) versus prostate cancer cell line PC-3
(19 uM vs. 155 uM). .

The degree of potency enhancement for (8) vs. (7) 1s surprising bascd on the prior art. -

~Thus, comparing the equivatentphosphicramidates of d4T reveals a ca 4-fold potency boost -

of(lO) over (9) [McGuxgan et al, AVCC 1998, 9, 473- 9]

o

—C CH-—N—'B—O
6 (10)

This would imply that the benzyl phosphoramidate motif in (10) is ca 4-fold more efficient

Me—O C CH-N P o

* at the intracellular delivery of the bio-active free phosphate forms of d4T than is the

B

methyl ester (9) A person skilled in the art would anncnpale a similar degree of
KALA L2IL201% 10U: 40
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enhancement for the benzyl phosphoramidate of BVDU (8) over the methyl ester (7) whilst

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

Surprising efficacy of modifications in the amino acid and aryl moieties of the BVDU =

phosporamidate has also been found in c'ompbunds embodying the present invention.

Thus, compound (11) has simultaneous modification in these two regions, being the p-
trifluoromethylphenyl benzyl [a,a-dimethylglycinyl ]pho§phoramidate.

/ o ;
: Br
HN

O Me ﬁ
o °—>‘.Z‘”5‘°7§>/ (1)

Compound 11 shows high potency-against a_range of cancer cell types and is significantly

and surpﬁsingly more potent than (7). Thus, for breast cancer &] 1) is 60-fold more active

-~ (1.3uM vs 79 uM), and for prostate cancer-¢1-}) is-254-fold more potent (0.61 uM vs. 155

nM). Against colon’ cancer, (11) is 35-fold more potent (7 pM vs 244 uM). Again, the

"degree of enhancement of the analogue (l'i) VS. (7) is surprising based on prior art. Thus,

comparing (12) [dimethyl glycine modification] and (13) [p-CF;phenyl modification] to

(9) shows no significant difference in potency.

o) O
HN HN
Y g
. o} N O~ "N~
9 Me CI? . . .
Me—O-C — -0 .
mé B d (12)

(13)

LEG KOLKALA 12312015 10:48
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Thus 50% effective doses vs HIV-1 for (9);(12) and (13) are: 0.075, 0.29; and 0.01 pM
respectively; within experimental error, (12) and (13) are identical in potenéy to (9). Thus a
person skilled in the art would have predicted that (] 1') would show little_enhancemen;

over (7) as opposed to the 35 to 254-fold énhancemcms noted above.

5
Thus, compounds embodyilng the present invenﬁon and having variations in one or more-of- )
* the ester (R), amino acid (R’, R”) and afyl (Ar)- region of the phosphorarﬁidate structure |
compared to phenyl methoxyalaninyl phosphoramidate can give surprising énc_l substantial
potency boosts of pro-.tide/'s derived froin BVDU against a range of cancer cell types. |
10

According to a further aspect of the present invention there is provided a compound having
formula I according to the‘pr.esent invention for use in a method of treatment, preferably in

the prophylaxis or treatment of cancer.

15 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 formulé i ‘ac"cor_c_iing to the present
invention. - : ; :

, 20.~ .'.,.f?xcc.or.ding_to_aoﬁmh_er. 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 caricer.

According to a further aspect of the present invention there is provided a pharmaceutical
25 composition comprising a compound having formula 1 of the present invention in

combination with a pharmaceutically acceptable excipient, carrier or diluent.

According to a further aspect of the present invention there. is provided a method of
preparing a pharmaceutical composition comprising the step of combining a compound

30 having formula 1 of the present .invention with a pharmaceutically acceptable excipient,

carmer or diluent.

PP OKOLKALA 12112815 1040
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The present invention is particularly applicable for the 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.

5 The compound having formula I or pharmaceutical composition according to the present -
invention can be administered to a patient, which may be human or animal, by any suitable

* means.

The medicaments employed in the present invention can be administered by oral or.
10 parenteral routes, includ/ing intravenous, intramuscular, int_rapeﬁtonea], subcutaneous,

transdermal, airway (aerosol), rectal, vaginal and topical (including buccal and sublingual)

administration.

For oral administration, the compounds of the invention will generally be prc.)’vi.ded in the
15 form of tablets or capsules, as a powder_oy granules, or as an aqueous solution or

suspension.

Tablets for oral use may include the active ingredient mixed with ph'dﬁh'aceuti‘cal]y
acceptqb]e‘ excipients such” as imert diluents, disintegrating agents, bindir;g agents,
20 lubn’cat-ing a~ge.nis,‘....sweetening... agents, flavouring. agents, colouring---agents- -and-
preservatives. Suitable inert diluents include sodium and calcium carbonate, sodium and
calcium phosphaté, and lactose, while comstarch and alginic acid are suitable
disintegrating agents. Binding agents may include starch and gelatin, while -t}ie lubricating
agent, if present, will genéral]y be magnesium stearate, stearic acid or talc. If desired, the
25 tablets may be coated with a material such as glyceryl monéstearate or glyceryl distearate,

to delay absorption in the gastrointestinal tract.

Capsules for oral use include hard gelatin capsules in which the active ingredient is mixed
with a solid diluent, and soft gelatin capsules wherein the active ingredient is mixed with

30 water or an oil such as peanut oil, liquid paraffin or olive oil.

Formulations for rectal administration may be presented as a suppository with a suitable

b Rer K (rbase soinprising foi ckathpleledeoa Bultef oftaldalicylate.



LB

o

WO 2005/012327 ‘ : PCT/GB2004/003148

16 -

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. appropriate.

For intramuscular, intraperitoneal, subcutaneous and intravenous.use, the compounds of

- the invention will generally be provided in stenle aqueous solutions or suspensions,

- 10

15

.20

buffered to an appropriate pH and isotonicity. Suitable aqpeous vehicles include Ringer’s”

solution and isotonic sodium chloride. Aqueous suspensions according to the invention

i :
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 équ'eous suspensions include ethyl and n-propyl p-hydroxybenzoate.

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

In general 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 weight of
recpient per day, a more preferred lower dose 1s 6-mg ber kilogram body weight of

recipient per day, an even more preferred lower dose is 10’ mg per kilogram body weight

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 two, three,

four, five or six or more sub-doses administered at appropriate intervals throughout the

. day. These sub-doses may be administered in unit dosage forms, for example, containing

25

30

10 to 1500 mg, preferably 20 to 1000 mg, and most preferably 50 to 700 mg of active

ingredient per unit dosage form.

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

preparation of a compound having formula I-according to the present invention, the process

comprising reacting of a compound of formula (111): *

KA A T2¥liels TW: 49
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with a compound of formila (IV):

R i |
-R~—0—C———>—N—P‘—C| CIV)
. by .
. R CH- (l) .
Ar

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

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

‘with reference to the following exampléé, expérimental procedures and experimental data.

10 Data are presented for a range of structures against tumour cell types representing:a range

of common cancers in'man with un-met=clinical need: breast MDA MB231, colon HT115,

prostate PC-3. Data from these assays are presented as Table 1.

Experimental Procedure

15
General methods )
The following anhydrous solvents and reagents were bought from Aldrich with sure
stopper: dichloromethane (DCM), diethyl ether (Et,0), tetrali).ldrofuran THF), N-
methylimidazole (NM]); methanol (MeOH), dimethylformamide (DMF), ]_,4-di0xanc.
0 20 tn'ethyiamine was dried on_molecular sieves of 4 Angstrom.

LPE KOLKALA 121I28E5 1040
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Thin Layer Chromatography

Thin layer chromatography (TLC) was performed on commercially available

s Merck Kieselgel 60 Fasq4 plates and separate.d compbrienfs were visualized using ultraviolet
light (254 nm and 366 nm). '

5
Column Chr"omamgraphyj. »

Columns were performed using (Kieselgel 60, 35-70pm, Fluka) as the stationary
phase. Samples were applied as a concentrated solution in 't.he'same eluent, or pre-adsorbed
ontoAsilica gel. : |

10 /

NMR Spectroscopy
'H, °C and *'P-NMR were recorded on a Bruker_ Avance DPX300 spectrometer
with operating frequéncies of 300MHz, 75MHz and 121MHz respectively. >'P-NMR
spectra are reported in units of 8 relative to 85% phosphoric gcid .a's external standard,
15 positive shifts are downfield. The following abbreviations are used inlth.e assignment of.
NMR signals: s (singlet), d (doublet), t (triplet), g (qﬁartet), m (multiﬁ]et), bs (broad
sighal), dd (doublet of doublet), dt (doublet of triplet). Starred sigﬁal signal are splitted due

to stereoisomeric mixtures.

20 Stargdard-proeedrlfes'-- RS . T e

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

~

Standard procedure 1: Synthesis of Amino ester hydrochloride salts.

To a stirnng solution of anhydrous alcohol ( 10 mol ed.) was added thionyl chloride (2
25 mol eq.) at 0° C, and the resulting solution stirred for 1 hr. After warming to room

temperature, the appropriate amino acid (1 mol eq) was added and the reaction heated at

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

amino ester hydrochloride salts.

30 Standard procedure 2: Synthesis of Amino benzyl ester hydrochloride salts.
The appropriate amino acid (1.0 mol eq.), p-toluene sulfonic acid (1.0 mol eq.) and
anhydrous benzyl alcohol (4.1 mol eq.) were_heated at reflux in toluene (10 mol eq.) with

L PO WKL edh-Stitk trap fork24 Hrd On chofing TFoom temperature, Et;0 was added and the
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mixture was left in ice bath for 1hr then filtrted and washgd with Et,0. The solid was
dissolved in DCM and washed with 10% K,COs and water. The organic layér was dried
over MgSO,, filtered and the solvent removed under reaucéd pressure to give an oil. This .
was solubilized in: acetone and neutralized wi_th I'M HCL. Et;0 was added and the solid s

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

- Standard procedure 3: S ynthés,is of Phosphorodichloridate-Species.

10

15

20

25

30

Phosphorus oxychlon'de (1.0 mol eq.) and the appropnate. substituted phenol (1.0 mol)
were stirred with anhydrous diethylether (31 mol eq.). To this was added anhydrous

/
- triethylamine (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 p.rocedure 4: Synthesis of PleSplxoclzioridate species.

Phosj)hodich]on'date (1.0 mol eq.) and the appropriate amino ester hydr_och]on'c. salt (1.0
mol eq.) were suspended in anhydrous DCM. Anhydrous triethylamine was added
dropwise at —80 °C and after 1hr the reaction was left to nise to room.tempera"rure. The
formation of phosphochloridate was monitored by *'P-NMR. After 2-5 hrs the solvent was"

removed under reduced pressure and the solid obtained washed with anhydrous ether (2x20

ml), filtered, and the filtrate r.edu,cc'tho.dr.yness to give the products as crude oil. These oils—- "~

were usually used without further purification.

Stamfard procedure 5: Synthesis of Phosphoroamidate den"valives.
To a stirring solution of (E)—S-(Z-bromovinyl)-2’-deoxyuridjne (1.0 mol eq.) and the
appropriate phosphochloridate (2.0- 3.0 mol eq) in anhydrous THF at -80°C was added
dropwise over 1 min NMI (5.0 mol eq;). After 15 mins the reaction was left to rise to room
temperature and stirred at room temperature for 2-]9 hrs. The solvent was removed under
reduced pressure and the yellow oil obtained was dissolved in DCM, washed with 0.5 M
HC], and water. The organic layer is dried over MgSO,, filtered, reduced to dryness and

purified by flash chromatography (Chloroform/Methanol 97/3, Dichloromethane/Methanol
97/3).

KOLKALA 12112015 1U:49
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Synthesis of Methyl-l-‘amino-l-cyclbpentanbéte hydrochloride salt.

C¢H,;4CINO;, MW=179.68.

E><C02Me
NHZHCI

" This was synthesised according to Standard Procedure 1; using l-amino-1-
cyclopentanecarboxylic acid (3‘.876 g, 30 mmol) with thionyl chloride (4.44 mL, 45
mmol,) aﬁd anhydrous mc/_’thano] (15.5mL). The prodpét was isolate?d as a white solid (4.81. -
g, yield 89%). - A 4

10 'H-NMR (CDCl;; 300 MHz): 6 9.1 (3H, bs, NH;'CF), 3.85 (3H, s, OCH3), 2.3-2.2 (4H, m,
4H cyclopentane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H cyclopentane). |
C.NMR (CDCl3; 75 MHz): & 26.6 (2CH; cyclopent), 38.1 (2CH, cyclopent), 54.8
(CH;0), 66.6 (Q;;_cyclopentane), 174.1 (COOMe). '

15
Synthésis of Ethyl-1-amino-1-cyclopentanoate hydrochioride salt.
C3H;,CINO,, MW=193.71. ’

' . S - ~/ “NHgHO ' o
| ‘T.his was synthesised according to Srandard Procedure 1, using 1-amino-1-
cyclopentanecarboxylic acid (5.0 g, 38.6 mmol) with thionyl chloride (5.72 mL, 58 mmol)
and anhydrous ethanol (29 mL). The product was isolated as a white solid (6.98 g, yield
93%). A '
25 'H-NMR (CDCl; 300 MHz): § 9.0 (3H, bs, NH;*CI), 4.3 (2H, q, *J=8, OCH,CH,), 2.3-.

2.2 (4H, m, 4H cyc]open'tane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H
cyclopentane), 1.4 (3H,.t, °J=8, OCH,CH).
BCNMR (CDCh; 75 MHz): § 14.5 (CH3CHy), 25.8 (2CH, cyclopent), 37.4 (2CH,
cyclopent), 63.0 (CH3CH,), 66.2 (Cq_cyclopentane), 172.1 (COOE). |
30 o —
FPO KUOLKAEA 1211281 LU 48
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Synthesis of Benzyl-1-amino-1-cyclopentanoate hydrochioride salt.
C14H13C1N02, MW=255.78..

E><C028n
NH,HC!

This was synthesised according to Standard Procedure 2, using 1-amino-1-

5.

cyclopentanecarboxylic acid (3.682 g, 28.5 mmo]) with p-toluene sulfonic ac:d _
monohydrate (5.625 g, 29 55.-mmol) and anhydrous benzyhc alcohol (12 mL, 116 mmol)'
in Toluene (20 mL). The product was isolated as a white solid (6.441 g, yield 88. 5%)

10 Hydrochloride salt. 'H-NMR (CDCl3; 300 MHz): 8 9.05 (3H, bs, NH;'Cl), 7.4-7.25 (5H,

m, Ph), 5.15 (2H, s, CHzPh) 2.3 (4H, m, 4H cyclopentane) 215 (2H 2H cyclopentane),
1.95 (2H,.m, 2H cyclopentane).

13C NMR (CDCl;; 75 MHz):.$ 25 9 (2CH, cyclopent) 37.3 (2CH, cyclopent) 66.3 (Cq

cyclopentane), 68.3 (CH,Ph), 129.2, 129.0, 1288 (‘o’, ‘m’, CHoPh), 135.5 ('p’, CHoPh),
15 172.1 (COOBn).

Synthesis of methyl-2-amino-2-methylpropanoate B)"dfoélilérid,c salt -
CsHiCINO3; MW 153.61. , : ' - [

HCIH2N><g/O\

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

20

(5.102 g, 48.49 mmol) with thionyl chloride (11.538 g, 96.98 mmol, 7.04 mL) and
anhydrous méthariol (19.6 mL). The product was isolated as a white solid (6.636 g, yield
89.2%). ‘ .

25 'H-NMR (CDCl3; 300 MHz): & 8.81 (3H, bs, NH;Cl), 3.83 (3H, s, OCH;), 1.74 (6H, s,
[CH;).C). '
BC.NMR (CDCly: 75 MHz): § 24.1, 24.3 ([CH;),C), 57.9 (C[CH;]o), 172.4 (COOCHS5).

[

PR KOLKATA 2120 1W: Sl
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. Synthesis of ethyl-2-amino-2- methylpropanoate hydrochlonde salt.

CeH14CINO,, MW 167.63.

HC:H2N><g/°\/
This was synthesised according to Sfandard Procedure 1, using 2-amino-isobutyric acid
(5.102 g, 48.49 mmol) with thionyl chloride (11.772.-g, 98.95 mmol, 7.2 mL) and.
anhydrous ethanol (29 r;iL).:The product Was isolated as‘a white solid (7.159 g, yield
86.3%). '
"H-NMR (CDCls; 306 MHz): & 8.93 (3H, bs, N@Cl), 43 (2H, q, *J=7.1 Hz, OCH;CH,),
1.75 (6H, s, [CH3),C), 1.33 (3H, t, >J=7.]1 Hz, OCH2CH3)

BCNMR (CDCly; 75 MHz): § 14.4 (CHsCH,0), 24.3 ((CH;1,C), 57.9 (CICH3)y), 63.1
(OCH,CH3), 171.6 (COOCH,CH3).

Synthesis of benzyl-2-amino-2-methylpropanoate hydroclﬂoridc salt.

- CnH16CINO2, MW 229.70.

HC!H2N><[{O\/©

0]

This was synthesised according to Standard Procedure 2, using 2-amino-isobutyric acid
(1.960 g, 19.00 mmol) with p-toluene sulfonic acid monohydrate (3.750g, 19.7 mmol) and
benzylic alcohol (8.36d g, 77.30 mmol, 8 mL), in toluene (20 mL). The product was
isolated as a white solid (2.556 g, yield 87.4%)

p-toluenesulfonate salt: '"H-NMR (CDCl3, 300 MHz): & 8.40 (3H, bs, NH;CI),
7.79 (2H, d,°J=8.0 Hz, ‘m’ p-TSA), 7.34 (SH, m, CH,Ph), 7.14 (2H, d, 3J=8.0 Hz, ‘o’ p-

" TSA), 5.16 (2H, s, CH,Ph), 2.38 (3H, s, CH; p-TSA), 1.57 (6H, s, [CH;):C)

8

KOLKALA 12112015 1846
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3C.NMR (CDCls; 75 MHz): 8 21.8 (CH;, p-TSA), 23.9 ([CH3),C), 57.8 (CICHs)), 63.3
(CH.Ph), 126.55, 128.5, 128.8, 129.0, 129.3 (CH,Ph+p-TSA), 135.4 (‘ipso’, CH,Ph),
140.8 ('p’, p-TSA), 141.9 (‘ipso’, p-TSA), 171.9 (COOCH,Ph).

Hydrochloride salt: "H-NMR (CDCls; 300 MHz): § 9.10 (3H, bs, \Jg_,cn, 7.41-731 (5H, " -
m, CHyPh), 5.27 (2H, s, CHaPh), 1.77 ((CH;}:C). |
BC.NMR (CDCls; 75 MHz): & 24.2 ({CH;],C), 58.0 (C[CH;]Z) 68.5 (CH,Ph); 128.62,

© 129.0,129.1 (‘o°, 'm’, 'p’”. CHaPh), 135.2 (‘ipso”, CHaPh), 171.8 (COOCH,Ph).

10

20

25
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Synthesis of (E)- 5—(2-bromovmyl) 2’ deotyundme
(E)-S-(Z-Carbomethoxyvinyl)—Z’-deoxyuridine

OH

A mixture of Pd(OAc), (0.316 g~ 41 “mumol); " PPhsy (0.741 g, 2.82 m'mol),,and"'

triethylamine (4.9 mL) in 1,4-dioxane (50 mL) was stirred at 70°C until an intense red
colour had developed. To t.his S-iod'o—2’~.deoxyun'dine (10 g, 2824 mmol) and B
methylacrilate (4.862 g, 56.48 mmol, 5.1 mL) in 1,4-dioxane (20 mL) were added and the
mixture stirred at refluxed for 30 mins. The reaction was filtered while still hot and the
filtrate cooled over night at 4°C. The resulting pale yellow precipitate was filtered, washed
with DCM and dried in vacuo to give the product as white solid (6.2 g, yield 70.7%).
'H-NMR (DMSO-ds; 300 MHz) § 11.64 (1H, bs, NH-3), 8.42 (1H, s, H-6), 7.37 (1H, 4,
3J=15.8 Hz, H vinylic), 6.86 (1H, d, >J=15.8 Hz, H vinylic), 6.13 (1H, t, >J=6.5 Hz, H-1°),
5.27-5.20 (2H, 2bs, OH-3’, OH—S’); 4.27 (1H, m, H-3), 3.81 (1H, m, H-4%), 3.68 (3H, s,
CHj), 3.60 (2H, m, H-5"), 2.18 (2H, m, H-2"). | ‘

BC-NMR (DMSO-ds; 75 MHz): & 40.4 (C-2°), 51.6 (CH3), 66.7 (C-5°), 70.0 (C-3), 85.2
(C-4%), 88LO {C- 1 ) 108 S (C 5) 116 5 (C 5b2 138.5 (C-5a), 144.4 (C-6), 149.6, 162.f (C-

Lh’ e l H
3, C-4), 1676(COO)
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_ (E)-5-(2-Carboxyvinyl)-2’-deoxyuridine -

COOH

-

5 ' ! :
(E)-5-(2-carbomethoxy»viny1)-2’-deoxyuridine (6.0 g, 19.33 mmol) was dissolved in 300
mL of | M NaOH and the mixture stirred at room temperature for 3 hrs, filtered and the
filtrate adjusted to pH 2 with 1M HCL. On.cooling at 4°C'.a white precipitate formed. This -
was filtered off and washed with cold water (2x 20 ml) an(i-acetone (2x20 mL) and dred to

10 give a white solid (4.441 g, yield 77.1%). | ' '
"H-NMR (DMSO-de; 300 MHz): & 12.18 (1H, bs, CO,H), 11.64 (1H, s, NH-3), 8.40 (]H,
s, H-6), 7.30 (1H, d, *J=15:6 Hz, H vinylic), 6.78 (1H, d, *J=15.8 Hz, H vinylic), 6.14 (1H,
t, 2J=6.4 Hz, H-1), 538 -5.08 (2H, bs, OH-3", OH-5"), 426 (1H, m, H-3’), 3.80 (1H, m,
H-4'), 3.64 (2H, m, H-5"), 2.18 (2H, m, H-2°). | |

15_ "C-NMR (DMSO-ds; 75 MHz): 8 40.1 (C-2), 61.2 (C=5), 70.1 (C=37), 85.1 (C-4°), 88.0
(C-17), 108.7 (C-5), 118.0 (C-5b), 137.9 (C-Sa), 143.9 (C-6), 149.6, 162.1 (C;2, C-4),
168.4 (COOH): - - ' | |

(E)-5-(2-bromovinyl)-2’-dcoxyuridine -~
20

To a solution of (E)-5-(2-carboxyvinyl)-2’-deoxyuridine (5.777 g, 19.37 mmol) in
L k‘;L?\]rEElP}gforTnLdi @9_,3”{!}“)1“’:?5 aid%d:,KZQQ3 (5.890 g, 42.61 mmol) and the suspension

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




LHo

s

WO 2005/012327 ' - _ PCT/GB2004/003148

10

15

- . ' 25
20.53 mmol) was~added dropwrse over 30 mins at 20°C. The resulting suspension was'
ﬁltered and the solid washed with. DMF. The combmed ﬁ]trate and washmgs were
evaporated to dryness in vacuo and the residue drssolved in MeOH. To this silica gel was
adgled and the suspension evaporated to dryness and the solid applied to the top of
chromatographic column. The colurnn was eluted 'wirh chloroform/methanol 92/8 to give a -
white solid (5787g, 71 .9%‘). Crystal]iéafion from water gave a white powder.. .. .~
'H-NMR (DMSO-d; 300 MHz) & 11.59 (1H, b, NH-3).,'_.8.Q8 (1, s, H-6), 7.25 (IH, 4,
3J=13.6 Hz, H-5b), 6.85 (1H, d, *J=13.6 Hz, H-5a), 6.13 (1H, t, >J=6.5 Hz, H-1"), 529
(1H, bs, OH-3"), 5.13 (11/_—‘1, bs, OH-S-’), 4.24 (1H, m, H-3»’), 3.79 (1H, m, H-4*), 3.66 (-(2'H,~
m, H-5%), 2.51 (1H, m, H-2’), 2.14 (1H, m, H-2").

"BC-NMR (DMSO-ds; 75 MHz): 8 40.2 (C-2%), 61.3 (C-5), 70.3 (C-4"), 84.8 (C-3"), 87.8

(C-17), 108.9 (C-5b), 110.0 (C-5), 130.3 (C-5a), 149.6, 162.1 (C-2, C4).

Synthesis of (E)-S-(Z-Bromoviny!)-z’—deoxyuridineLS’-lphenyl—(mcthox_y—_L-alaninyl)]-
phosphate (CPF 1).
C21H2sBrN;00P, MW 574.32.

.

T
ey
NH
Me

o)

20 .

25

KU

" -This was synthesised according to Standard procedure 5, using BVdU (300 mg, 0.90

mmol), Pheny]-(methoxy-L-alaninyl)—phOSphorechloﬁdate (472 mg, 1.7 mmol), NMI (4.5
mmol, 378 pL) in THF (9 mL) for 2 hrs. The crude product was purified by column
chromatography, eluting with CH;Cl/Methano! 97:3 to give the pure product as a white

foamy solid (356 mg, yield 69%).

31 . .
(P AMR (CDCL, 121 M) 8 4724840,
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'H-NMR (CDCls; 300 MHz)=§9:97(1H, bs, H-3), 7.64 le, 2xs, H-6), 7.44-7.39 (1H, 24,
*J=14 Hz, H-5b), 7.37-7.15 (5H, m, OPA), 6.75-6.67 (1H, 2d, 3j=14 Hz, H-5a), 6.30-6.21
(1H, 2t, >J=6 Hz, HI’), 4.57-4.29 (3H, m, H-5"+H-3"), 4.2-3.96 (3H, H-4’, NH, CHala),
3.72 (3H, s, CH30), 2.49-2.40 (1H, m, one of H-2%), 2.12-2.01 (1H, m, one of H-2), 1.38 o
5 (3H,d,’J=THz,CHya). '

C-NMR (DMSO;:75-MHz): §-22.4 (CH, k), 41.9, 41.8 (C-2°), 51.9 (CHIEH;)), 54.3
(CH;0), 67.5 (C-5), 72.3, 71.9 (C-3"), 87.3, 87.2, 86.9, 86.8 (C-1, C-4’), 110.6 (C-5b),
113.1 (C-5), 121.7 (‘o’, OPh), 127.0 (‘p’, OPh), 130:1 (C-5a), 131.5 ('m’, OPH), 139.2 (C-
6), 150.9 (‘ipso’, OPh) 151.9 (C-4), 163.2(C-2), 175.7 (COOCHS). '

10 :

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-{phenyl-(ethoxy-L-alaninyl)}-
phosphate(CPF 3). i -
C12H27BX‘N309P, MW=588.34.

15

This was synthesised according to Standard procedure 5, vsing BVdU (150 mg, 0.45
mmol), Phenyl-(ethoxy-L-alaninyl)-phosphorochloridate (249 mg, 0.9 mmol), NMI (2.8
20 mmol, 190 pL) iri_THF (4 mL) for 2 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 (145 mg, yield 55%).
3'P.NMR (CDCl3, 121 MHz): § 4.48, 4.86.
"H-NMR (CDCl,, 300'MH2): 8 7.65 (1H, 2xs, H-6), 7.44-7.39 (1H, 2d, *J=13 Hz, H-5b),
25 7.35-7.10 (SH, m, OPh), 6.78-6.65 (1H, 2d, *J=13 Hz, H-5a), 6.35-6.25 (1H, 2t, /=6 Hz,
LR KL gﬁ‘}a)’,“;?z‘i% {8H, myH-52, H-°(jH-45 GHala, NH, CH3CH,0), 2.49-2.40 (1H, m, one
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of H-27), 2.10-2.00 (1H, m, one of H-2"), 1.40-3H;d, >/=7 Hz, CHj .1, 1.25 (3H, 2t, >/=7

" Hz, CH;CH,0).

C-NMR (CDCl;, 75 MHz): & 14.5 (CH3CH,0) 21.2','21.1 (CHjala), 40.9,40.7 (C-2°),
50.8, 50.7 (CHala), 62.2, 62.1 (CH;CH,0), 66.5, 66.3 (C-5°), 70.9, 70.6 (C-3"), 86.0, 85.6°
(c;r, C-4%), 110.1 (C-5b), 111.8 (C-5), 120.6 (‘0’, OPk), 125.0 (*p’, OPh), 129.0 (C-5a), -
130.2 ('m’, OPh), 138.2 (C-6), 149.9 (C-4), 150.7 (‘ipso’, OPh), 162.3(C-2), 174.2,174.1
(COOCH,CH3). B

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[phenyl-(benzoxy-L-alaninyl)]-
phosphate (CPF 2). '

C27H29BI‘N309P, MW=649.08.

~

T - i
o= 1 :
) NH

o , ) " Bn '
) O\H/L’C"‘s OH

0

This was synthééised'according to Standard procedure 5, using. BVdU (150 mg, 0.45
mmol), Phenyl-(benzlexy-L-a'laninyl)—phosphorochloﬁdate (249 mg, 0.9 mmol), NMI
(2.8 mmol, 190 puL) 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 (228 mg, yield 78"/0).

*'P-NMR (CDCl,, 121 MHz): 5:4.74, 4.44. |

"H-NMR (CDCls3, 300 MHz): § 10.31 (1H, bs, H-3), 7.63 (1H, 2xs, H-6), 7.45-7.14 (11H.
m, OPh+CH,Ph, H-5b), 6.75-6.66 (1H, 2d, *J=14 Hz, H-5a), 6.30-6.25 (I'H, m, H-17),
5.18-50.9 (1H, s, CH,Ph), 4.70-4.04 (6H, m, H-3°, H-5",H-4’, NH, CHala), 2.42 (1H, m,

25 oneofH-27),2.02 (1H, m, one of H-2"), 1.40 (3H, d, 3)=7 Hz, CH;ala). '

I E)

LKA

"CINMR (CPCls, 75 Mz): §20.7, 20:8 (Cifsala), 404 (C-2'), 50.4 (CHala), 66.0 (C-5"),

z

67.4 (CH,Ph), 70.6 (C-3), 85.4, 85.5, 85.6, 85.8 (C-1°, C-4’), 109.9 (C-5b), 111.5 (C-5b),
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120.2 (‘0’, OPh), 125.4 (‘p’, OPh), 128.5, 128.6, 129.9- ('m" ©Ph~Bn, C-5a), 135.1("ipso’,
CH,Ph) 137.8 (C-6), 149.8 (C-4) 150.2 (ipso’, OPA), 161.8 (C-2), 173.6 (COOBn).

\

) Synthesns of " (E)-5-(2- Bromovmyl)—2’-deoxyundme-S -lpara- ﬂuorophenyl (methoxy-
L-alaninyl)]- phosphate (CPF 5)..
‘ Cz]HuBl’FN;;OgP, MW=592.31.

N
~-O—1L
: NH
Me
Kn/kCH._’ OH

o
This was s.ymhesi.sed according to Standard procedure 5, using BVdU (200 mg, 0:60 -
mmol), pdra-ﬂ'uorophenyl—(m.ethoxy-L-a]aflinyl)-phosphorochloridafe (442 mg, 1.5 mmol),
NMI (4.98 mm'ol,;332 ul) in THF (5 mL) for 2 hrs. The crude product. was purified by
co]ufﬁﬁ'éﬁrﬁ"m"ﬁfé”g?ﬁﬁh‘y, eluting with CH2C12/Methan'6] 97:3 to give the pure product as a
15 white foamy solid (177 mg, yield 50%). . '
3P NMR (CDCl;, 121 MHz): § 5.10, 4.81.

'H-NMR (CDCls; 300 MHz): 6 10.1 (1H, bs, H- 3), 7.60 (1H, 2xs, H-6), 7.39-7.32 (1H, 2d,
3J=14 Hz, H-5b); 7.20-6.95 (4H, m, OPh), 6.70-6.60 (1H, 2d, *J=14 Hz, H-5a), 6.30-6.15
(1H, 21,%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’,
20 CHala), 3.72 (3H, 2s, CH;0), 2.49-2.3‘2 (1H, m, one of H-27), 2.15-2.05 (1H, m, one of H-
2%), 1.35 (3H, 2d,°J=6 Hz, CHj 41.). 2
'3C-NMR (DMSO; 75 MHz): § 21.2 (CHj 41), 40.8 (C-2), 50.8, 50.6 (CH[CH;)), 53.2
(CH;0), 66.7, 66.3 (C-5%), 71.9, 71.8 (C-3°), 86.1, 85.7, 85.8 (C-1°, C-4"), 110.3 (C-5b),
111.9 (C-5), 117.0, 116.7 (‘o’, OPh), 122.0 (‘m’, OPh), 128.2 (C-5a), 138.2 (C-6), 149.0
25 (ipso’, OPh) 149.9 (C-4), 158.5 (’p’, OPh), 163.2(C-2), 175.1 (COOCH3).

LPO KULKALA L2IL2015 LU 4L
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Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’- [para-ﬂuorophenyl (ethoxy-L_

alaninyl)]}-phosphate (CPF 6).’
szHzﬁBl‘FN:,OgB, MW=606.33..

i
T
o NH K
E
cH, OH
o -
This was synthesised according to" Standard p-rocedurev5, using BVdU (200 mg, 0.60
mmol), para—ﬂuorophenyl-(.ethox'y-L—a,]aniny'l)-phosphorochlon'date (464 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,Clo/Methanol 97:3 to give the pure product as a
white foamy solid (240 mg, yield 66%).
3P_NMR (CDCly, 121 MHz): § 5. 14,4.88. , ' ‘ ‘
-'H-NMR (CDCl3, 300 MHz): "8 10 25 (]H bs, H- 3), 7.85 (lH 2xs, H- 6) 7.44-7.39 (1H,

2d,%J=14 Hz, H-5b), 7.3-7 (@H, m, OK), 6.8-6.65 (1H, 2d, /=14 Hz, H- -52), 6.35-625

{(1H, 2t,%J=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, d, */=8
Hz, CH, 41, 1.25 (3H, 2t, /=7 Hz, CH;CH,0). |
C-NMR (CDCls, 75 MHz): § 14.5 (CH;CH,0) 21.3 (CHaala), 40.8,40.7 (C-2°), 50.8;
50.7 (CHala), 62.3 (CH3CH-0), 66.7, 66.3 (C-5%), 71.1, 70.7 (C-3"), 86.1, 85.8, 85.6, 85.4
(C-1°, C-4), 110.4 (C-5b), 111.9 (C-5), 117.0 (‘0’, OPh), 122.2 ('m’, OPh), 128.9 (C-5a),
138.2 (C-6), 146.4 (’ipso’, OPh), 149.9 (C-4), 158.5 (‘p’, OPh),162.2, 161.8 (C-2), 174.2
(COOCH,CH3). '

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-fluorophenyl-(benzoxy-
LizrinDl-ghasphpts (GRFD). 1 o 40
C27H23BTFN309P, MW=668.40.
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'Cf .
F— O—p—
. : NH

Bn OH -

CH3 )

o
/_
This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60
5 mmol), para-ﬂuoropﬁenyl—(benzy]oxy-L—alaninyl)-phosphoroch]oridate (556 bmg, 1.5
mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was
purified by. column c,hromatogré‘phy, eluting with .CHQC]Z/Met}—)an'ol 97:3 to give the pure
product asa white foamy solid (256 mg, yie.:ld_ 64%). . .
3'P_.NMR (CDCls, 121 MHz): 5 4.74, 4.44. . , |
10 "H-NMR (CDCls, 300 MHz): & 7.69 (1H, 2xs, H-6), 7.45-7.39 (1H, 24, 3J=14 Hz, H-5b),
7.37-7.00 (9H. m, OPi+CH,Ph), 6.75-6.65 (1H, 24, 3J=14 Hz, H-5a), 6. 30-6 2 (1H, 2t,
2J=6Hz, H-1"), 5.2 (1H 2s, CH,Ph), 4.85-4.00 (6H m, H-3’,H-5" H-4’, NH, CHala), 2.47
l(lH m, one of H-2"), 2.0-2.15 (1H, m, one of H-2’ ),~l 38 (3H, d, *J=7 Hz CHsala).

“TENMR (CDCl, 75 MHz): 5 21.2, 21.1 (CHyala), 40.7 (C-2°), 50.4 (CHala), 66.7, 66.4 |

15 (C-5°),67.8 (CHPh), 71.1, 70.7 (C-3), 86.0, 85.7, 85.4,85.3 (€1, C-4), 110:4 (C-5b),

111.9 (C-5), 117.0 (*0°, OPh), 122.0 (‘m’, OPh), 128.7, 128.6 (Bn, C-52),: 135.4(’ipso’,
CH,Ph) 138.2 (C-6),146.5 (ipso’, OPh), 149.9 (C-4), 158.5 ('’ OPh), 162.2 (C-2), 173.9
(COOBn).

20
Synthesis of (E)—S-(2-Bromovinyl)—2_’~dcoxyuridinc-S’-|para-nitrophcnyl-(rh'ctﬁoxyL-
alaninyl)]-phosphate (CPF 10). .
- CyiH24BrN,O\ P, MW=619.31.
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This was synthesised acéord_i'ng to Standard proced:ére 5, using BVdU (200 mg, 0.60
mmol), para-nitrophenyl-(methoxy—L-alaniny])-phosﬁhorochloridate (483 mg, 1.5 mmol),
5 NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude prdduct was purified by
column chromatography, elutmg with CH,Cl,/Methanol 97:3 to give the pure product asa
'whlte foamy solid (21 1 mg, yleld 57%).
3P_NMR (CDCl, 121 MHz): § 4.95.

'H-NMR (MeOD; 300 MHz): & 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, OPh), 7.35-7.30 (1H, 24, *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, H-4",
CHala), 3.72 (3H, 25, CH;0), 2.35-2.15 (2H, m, 2 H-2"), 135 (3H, 2d,%J=7Hz, CHy,n).
BCNMR (DMSO; 75 MHz2):8 20.9 (CH; u), 41.6, 41.5 (C2"), sé.‘o, 51.9 (CH[CH3)),
'55'.'3“(@36), 685 (C-57), 72.4, 72.3 (C-3"), 87.7, 87.4, 87.0, 86.9 (C-1°, C-4%), 109.8 (C-

15 '5b), 1128 (C-5), 122.6 (‘0’, OPA), 127.1 (m’, OPh), 130.8 (C-5a), 1403 (C-6), 146.5
Cipso’, OPh), 1514 (C-4), 157.2 ('p’, OPK), 163.9 (C-2), 175.8,175.5 (COOCHS).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-nitrophenyl-(ethoxy-L-
alaninyl)}-phosphate (CPF 9).
20 CpHpBrN4Oy P, MW=633.34.

8
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This was synthesised ac,édrding to Standard j)rocgd;:re 5, using BVdU (200 mg, 0.60
mmot), para-nitrophenyl-(ethoxy-L-alaninyl)-phosphorochloridate (504 mg, 1.5 mmol),
5 NMI (4.98 mmol, 332 uL) in THF (5 mL) for 1 hr. The crude product was purified by

column chromatography, eluting with CHQC]ZMethanol 97:3 to gwe the pure product as a

white foamy solid (232 mg, vield: 61%).

J'P.NMR (CDCl3, 121 MHz): § 4.28. ' '

'H-NMR (CDCls, 300 MHz): & 10.25 (IH; bs, H-3), 8.25-8.2 (2H, 2d, *J=9Hz OPh), 7.7
10 (1H, 2xs, H-6), 7.5-7.45 (2H, 2d , *J=9Hz, OPk), 7.4-7.35 (1H, 2d, *J=14 Hz, H-5b), 6.7-

6.65 (1H, 2d, >J=14 Hz, , H-5a), 6.3-6.2 (1H, 2, ’J=6 Hz, H1"), 4.8-4.1 (7H, m, H-5’, H-4’

H-3’, CHala, NH, CH;Cﬂ_;O) 2.45-2.4 (1H, m, one of H-2), 2.20-2.10 (1H, m, one of H-

2%),1.40 (3H, d, 3J—8 Hz, CH; ah), 1.3 (3H, 2, 3J=7 Hz, CH;CH,0). T -

PC-NMR (CDC];, 75 ‘MHz): § 14.5 (CH;CHzo) 21.1 (CHsala), 40.6 (C-2), 50.8, 507

15 (CHala), 62.5‘(CH3_C_'H20_), 66.9, 66.8 (C-5%), 71.2, 70.9 (C-3"), 86.3, 85.9, 85.4, 85.3 (C+ ... . -
1’, C-4°), 110.3 (C-5b), 111.8 (C-5), 121.3 (*0’, OPh), 126.1 ('m’, OPh), 128.8 (C-5a),
138.4 (C-6), 145.1 (ipso’, OPh), 149.9 (C-4), 155.5 (‘p’, OPh), 162.3 (C-2), 174.0, 173.9
(COOCH,CHj).

20

Synthesis of (E)-5-(2-Bromovinyl)-2’-dcoxyuridine-5’-[para-nitrophenyl-(benzoxy-L-
alaninyl)}-phosphate (CPF 8).
Cz7}]23BrN40”P, -I\']\V=695.4].

LPY KOLKA&LA
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This was synthesised’ acc;:ording. to Standard procedure 5, using BVdAU (200 mg, 0.60°
mmo}), para—nitrophepyl-(benzy]'oxy-L-alaninyl)-phosphorochloridate (597 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 sohd (228 mg, yield 55%).
3'P_NMR (CDCls, 121 MHz): § 4.74, 4.44, 5
"H-NMR (CDCl3, 300 MHz): 8 10.4-10.3 (1H, bs, H-3), 8.2-8.1 (2H, m, OPk), 7.69 (1H,
10 2xs, H-6), 7.4-7.2 (1H, 2d, *J=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, 2, }J=6Hz, H-17), 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-2"), 2.2-2.05 (1H, m, one ofH-z’j; 1.38 (3H, d,°J=7 Hz, CHjala),

BCNMR (CDCl, 75’ MH2): 8 21.2, 21.1 (CHsala), 40.6 (C-2), 50.9 (CHala), 67.1, 67.0

15 (C-5’), 68.0 (CHzPh), 71.3, 70.9 (C-3°), 86.3, 86.0, 85.3, 85.2 (C-1°, C-4’), 110.4 (C-5b),
111.9, 1 1.8 (C-5), 121.3 (‘0o’, OPh), 126.2-126.1 (‘m’, OPh), 129.1, 128.7, 128.6 (Bn, C-
5a), 135.4 (ipso’, CHaPh), 138.3 (C-6), 145.1 (Vipso’, OPh), 149.9 (C-4), 155.6 ('p’ OPh),
162.2 (C-2), 173.8,173.7 (COOBn). .

20 -

Synthesis of (E)-5-(2-bromovinyl)-2’-deoxyuridine-5’-|para-(trifluoromethyl)-phenyl-
(methoxy-L-alaninyl)]-phosphate (CPF 15).
C2:H1BrF3N;05, MW=642.31. |

25

8
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' This was synthesised aécbrding to Standard procedure 5, using BVdU (200 mg, 0.60

column chromatography, eluting with éhloroform/methanol 97:3 to give the pure product
5 as a white foamy solid (211.1 mg, yield 54.7%).
“P NMR (MeOD, 121 MHz): 3 5.23, 5.07.

'HNMR@MODEmOMH@87800H511®77OQHd3}87H&OPMJ477Q
(2H, m, OPh), 7.37 (1H, d, *J=13.6 Hz, H-5b),-6.82-6.78 (1H, d, *J=13.6 Hz, H-5a), 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"), 4.05-3.9]
| 10 (1H, m, CHCHy), 3.67 (3H, s, OCHj), 2.35-2.32 (1H, m, one of H-27), 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): 8 20.6, 207, 20.8, 20.9 (CHCH3), 41.5, 41.7 (C-2)), 51.9,
52.0 (CHCHy), 68.2, 68.3 (C-5"), 72.4, 725 (C-3), 87.1, 87.2, 87.4, 876 (C-1", C-4"),
1097 (C-5b), 112.6 (C-5), 122.5, 1227 (‘0’, OPh), 125 8 (CFs. I J—269 Hz), 128.7 ('m’,
15 OPh), 128.8.(n", J=33 Hz, OPh), 130.9 (C-5a), 140.3 (C-6), 151.4, 1515(1,730 OPh),
‘15511552(C4)]640(C2L17561759(CO0CH9

Synthesis of (E)-5-(2-bromovinyl)-2’-deoxyuridine-5’-|para-(trifluoromethyl)-phenyl-
(ethoxy-L-alaninyl)}-phosphate (CPF 25).
ng.FlgsBl’FJNJOpP, I\’]\V=65634 -

LPO KOLKARA 12512015 1840

mmol), pheny]-(methoxy—L-alaninyl)-phosphorochlorid;\te.A(S'l 8.8 mg, 1.5 mmol), NMI
(246.3 mg, 3.0 mmol, 239 L) in THF (5 mL) for 4 hrs. The crude product was purified by *
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This was synthesised accordmg to Standard procedure 5 using BVdU (200 mg, 0.60 |
mmol), phenyl- (ethoxy-L-alamnyl) phosphorochlondate (539.5 mg, 1.5 mmol), NMI
(246.3 mg, 3.0 mmol, 239 pL) in THF (5 mL) for 20 hrs. The crude product was purified

5 by column chromatography, eluting with dichloromethane/methanol 95:5 to givé the pure

product as a whlte foamy solid (172.6 mg, yield 43. 8%)

3'P_NMR (CDCls, 121 \/le) 8 4.65,4.35. ,

'H-NMR (CDCl;, 300 MHz): § 10.05 (1H, s, H-3), 7.6‘9-7;64 (3H,A m, H-6+OPh), 7.46-
7.39 (3H, m, OPh+ H-5b), 6.76-6.68 (1H, 2d, >J=13.6 Hz, H-5a), 6.34-6.25 (1H, m, H-17),

10 4.57-4.35 (4H, m,  H-3'+H-5+NH), 4.27-4.13 (4H, m, H-4"+OCH,CHy+OH-3"), 4.12-3.98

(1H, m, CHCH;) 2.53-2.47 (1H, m, one of H-2’), 2.21-2.12 (1H, m, oneofHZ) 1.43-
1.40 (3H, d, >J=7.0 Hz, CHCH), 1.28, 1.27 (3H, 21, >J=7.0 He, OCH,CHj) B
PC-NMR (CDCE;75 MHz); § 14.5 (CH;CH,0), 21.2, 21.3 (CHCH;), 40‘7‘“((?:'2")'"'50"8" '

4 509(CH(‘H3) 62.4 (CH;CH;0), 66.3, 66.7 (C-5), 70.7,71.1 (C-3"), 853, 85.4, 85:3, 86.1
15 (C-1", C-4"), 110.5 (C-5b), 1120(c 5), 122.0 (‘o ogl_z), 124.2 (CFs, J=271 Hz), 127.7,

20

127.8,128.7 ('m’, ‘p’, OPh), 128.8 (C-5a), 138.0 (C6), 149.7 ('ipso’, OPh), 153.2 (C-4),
161.9 (C-2), 174.0, 174.1 (COOCH,CH3).

Synthesis of (E)-S~(2-Bromovinyl)-2’-dcoxyur_idine-S’-lpafa-triﬂuorophenyl-
(benzoxy-L-alaninyh)}-phosphate (CPF 4).
CstngrF;;N;;OgP, MW='_II 8.41.
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This was. synthesised ~acc§3rding to Standard procedu;e 5, using BVdU (200 mg, 6.60 '
mmol), paraltn’ﬂuoropheny]-(benzyloxny—alaninyl)-;.)hospborochlori'daie (632 mg, 1.5-

5 mmol), NMI (4.98 mﬁ]ol 332 pL) in THF (6 mL) for 2 hrs. The crude product was
purified by column chromatOgraphy, eluting thh CH,Cl/Methanol 97:3 to give the pure
product as a white foamy solid (308 mg, yield 71%)
3'P.NMR (CDCls, 121 MHz): § 5.31, 4.87.

'H-NMR (CDCl;, 300 MHZ): & 10.05 (1H, bs, H-3), 7.7, 7.25 (J1H. m, H-5b, H-6
10 OPh+CHyPh), 6.75-6.65 (1H, 2d, J=14 Hz, H-5a), 6.35-6.2 (1H, 2t, *J=6Hz, H-1°), 5.15
(1H, 2s, C&_Pﬁ-), 4:6-4.25 (4H, m, H-5’, H-3’, CHala) 4.2-4.00 (2H, m, H-4°, N}_i,); 2.55-
2.4 (1H, m, one of H-2’), 2.2-2.05 '(-]H, m, one of H-2), 1.38 (3H, d, *J=7 Hz, CHjala). ‘
'%lNMR(CDCh?éNﬂh)SZ]Z 21.1 (CHsala), 40.7 (C-2°), 50.9, 50.8 (CHala), 67.1, .
670«:5)680mﬂﬂm)712709(657861858855854(C1’C4) noz(cfuwum
15 5b), 111.9, 111.8 (C-5), 121.1 (*0’, OPh), 125.1 (d, J=270Hz, CF3), 127.6 (‘m’, OPh),. -,
129.1, 128.7, 128.6 (Bn, .C-Sa), 130.1 ('’p',q , }=32Hz, O}i) 135.4 (Cipso’, CH,Ph) 138.2
(C-6), 150.2, 150.1 (C-4), 153.6 ("ipso’ OPh), 162.7 (C-2), 173.9, 173.6 (COOBn).

20

Synthesis of (E)—S-(Z—bromoviny’l)—Z’-dcokyuridine-5’-[4-chlo:ophcnyl-(methoxy-L-
25 alaninyl)]-phosphate (CPF 13).

CZ]]])QBI’CIN}OQP I\f\v QOS 76
PP L i
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This was synthesised. acc/ording to Standard procedure 5, using BVAU (200 mg, 0.60
mmol), 4-ch]oropheny.l-(methoxy-L-alaninyl)-phOSphoroch]oridate (374.5 mg, 1.2 mmol),
NMI (246.3 mg, 3.0 mmol, 239 pL) in THF (8 mL) for 5 hrs. The crude product was
purified by column chromatography, eluting wit.h Chlorofonn/Methano] 97:3 to give the
pure product as a white féamy solid (139.0 mg, yield 38.0%).

Y'P-NMR (CDCl;, 121 MHz): 5 4.81,4.54.

'H-NMR (CDCl;, 300 MHz): 3 10.11 (1H, bs, H-3), 7.68 (1H, s, H-6), 7.46-7.40 (1H, d,

10 *J=13.6 Hz, H-5b), 7.35-7.20 (4H; m, OPh), 6.76-6.67 (1H, 2d, *J=13.6 Hz, H-5a), 6.34-

6.24 (1H, m, H-1"), 4.58-4.40 (SH, ‘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, OCH;) 2.49-2.48 (m m, oncofH -2),2.17-2.15 (1R,
“i; 6ne of H-2"), 1.42-1.39 (3H, d, >J=7.0 Hz, Cch,) .

l:‘C NMR (CDCI;, 75 MHz): & 21.2 (CHCH;) 40. 7 408 (C 27), 50.6,-50.8 (CHCH;)

15 53.2, 53.3 (OCH,), 66.4, 66.7 (C-57), 70.8, 71.2 (C-3), 85.4, 85.5, 85.8, 86.2 (C-1’, C-4),

110.5 (C-5b), 111.9, 112.0 (C-5), 122.0 (‘o’, OPh), 128.9 (C-5a), 130.3 (‘m’, OPA), 131.1
(', OPh), 138.2 (C-6), 149.1, 149.2 ('ipso’, OP}), 149.8 (C-4), 162.1, 162.2 (C-2), 174.5,
" 174.6 (COOCH3).

20

N
(9]

s
(_

Synthesis  of (E)-S-(Z—bromovinyl)—Z’-dcoxyuridine-S’-[4—chlorophcnyl-(ethoxy-L-
alaninyl)j-phosphate (CPF 11).

| CnHyBrN,OoP, MW=622.79.
L KAL L2110 11U 48
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This was synthesised according to Standard procedure 5, using BVdU (300 mg, 0.90

mmo]) 4-chlorophenyl- (cthoxy -L-alaninyl)-phosphorochloridate (557.7 mg, 1.71. mmol),
5 NMI (221.7 mg, 2.7 mmol, 215 pL) in THF (10 mL) for 16 hrs: The crude product was

purified by column chromatography, eluting with dichloromethaoe/nmethanol 97:3 to give

the pure product as-a white foamy solid (168.4 mg, yield 30. O%)

*'P-NMR (CDCl;, 121 MHz): § 4.88, 4.65.

"H-NMR (CDCl3, 300 MHz): 89.51 (1H, bs, H- -3), 7.69-7.68 (1H, 25, H-6), 7.49-7.43 (1H,

10 2d, *J=13.6 Hz, H-5b), 7.37-7.22 (4H, m, OPA),-6.79-6.71 (1H, 2d, >J=13.6 Hz, H-5a),
6.33-6.24 (IH, m, H-I’), 4:63-434 (3H, m, H-3'+H-9), 4.28-3.89 (5H, m, H-
#+OCH,CHy+CHCHy+NH), 2.59-2.45 (1H, m, one of H-2"), 2.22-2.14 (1H, m, one of H-

" 2%), VA3TTAT(3H; d,%/27.0 Hz, CHCH}), 1.33-1.28 (3H, 21, *J=1.2 Hz, OCH,CH;)-

3C-NMR (CDCl;, 75 MHz): § 14.5 (CH3CH;0),.21,2, 21.3 (CHCH), 40.7 (C-2° ), 50.7,

15 "508(CHCH3) 62.4 (CH,CH,0), 66.7 (C-5°), 70.8, 71.2 (C-3"), 85.4, 85.8, 86.1 (C-1", c.
4%), 110.4 (C-5b), 112.0 (C-5), 122.0, 122.1 (‘o’, OPh), 128.9 (C-5a), 130.3 (‘m’, OPh),
131.1 ('p’, OPh), 138.2 (C-6), 149.2 (’ipso’, OPh), 150.0 (C-4), 162.2 (C-2), 174.1, 174.2
(COOCH,CH3y).

20

Synthesis of (E)-S-(Z-bromoi/inyl)-z’-deoxyuridinc-S’-|4¢chlorophenyl-(benzoxny-
alaninyl)]-phosphatc (CPF 12).

25 CnMyBrN,OP, MW=62279.
PO OKOLKALS 123112015 18
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~ This was synthesised according to Standarti procedure 5, using BVdU (300 mg, 0.90
mrhol), 4~'chlorophenyl—(benzoxy-L-alaninyl)—phosphoroch]oridate (698.7 mg, 1.80 mmol),
NMI (369.5 mg, 4.5 mmol, 358.7 pL) in THF (]0: mL) for 2 hrs. The crude product was
purified by column chromatography, eluting with dichloromethane/methanol 95:5 to give
the pﬁre ;-vroduct as a white foamy solid (310.0-mg, yield 50.3%).
3P_NMR (CDCl;, 121 MHz)’: 5 4.81, 4.53. }

'H-NMR (CDCls, 300 MHz): & 10.10 (1H, bs, H-3), 7.65-7.63-(1H, 2s, H-6), 7.69-7.68
(1H, 2s, H-6), 7.46, 7.41 (1H; 24, >J=13.6 Hz, H;5b), 7.40-7.17 (91&, m, OPh), 6.75-6.66
(1H, 2d, *J=13.6. Hz, H-5a), 6.33-6.23 (1H, 21, *J=6.0 Hz, H-1"), 5.17 2H; s, CﬂgPh);

4.60-4.23 (4H, m, H-3"+H-5’+NH), 4.20-3.97 (2H, m, H-4'+ CHCHs), 2.48-2.44 (1H, m, = . |

one of H-2"), 2.15-2.05 (1H, m, one of H-2"), 1.43-1.40 (3H, d, *J=7.0 Hz, CHCH}).
3C.NMR (CDCls, 75 MHz): § 21.2 (CHCHs), 40.7(C-2’), 50.8, 50.9 (CHCH,), 66.6 (C-~
5}, 67.9 (CHoPh), 707, 71:1 (C-3%), 85.4, 85.5, 85.8, 86.1 (C-1, C-4"), 110.5 (C-Sb),
111.9, 112.0 (C-5), 122.0, (‘o’, OPh), 128.7, 129.0, 129.1, 130.3 (‘m’, OPA+C-5a), 131.1
(ipso’, CHyPh), 135.4 (‘p", OPh), 138.2 (C-6), 149.1 (‘ipso’, OPh), 150.0 (C-4), 162.1 (C-
2), 173.9, 174.0 (COOCH,Ph).

Synthesis of . (E)-S—(2-bromovinyl)—i’-dcoxyuridine-S’—lphcnyl-(methoxy-a,a- )
dimethylglycinyl)]-phosphatc,‘(CPF 26).
CHzBrN;OoP, MW 588.34

OLKAPA 12112015 1049
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This was synthesised .accjordihg to Standard procedure 5, usiné 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 nnL) for 4 hrs. ‘The crude product
was punﬂed by column chromatography, eluting with chloroform/methanol 97:3 to give
the pure product as a white foamy solid (117 mg, yield 33. l%)

*'P-NMR (CDCl;, 121 MHz): § 3.36, 3.14

'H-NMR (CDCl;; 300 MHz): § 9.91 (1H, b-s, H-3), 7.73;,7..65 (1H, 2s, H-6), 7.50-7.43 (iH,
2d; 3J=13.6 Hz, H-5b), 7.41-7.02 (5H, m, OPh), 6.81-6.71 (1H, 2d, *J=13.6 "Hz, H-5a),
6.34-6.28 (1H, m, H1’), 4.55-4.17 (6H, m, H-5’+H-4’+H-3’, NH, OH-3%), 3. 78 —(3H s,
CQ;O) 2.53-2.39 (IH, m, oneofH?), 2.25-1.99 (1H, m, one of H-2"), 1.60 (6H, s, '

_..[CH 310). -

BC-NMR (CDCly; 75 MHz): § 27.5, 27:4, 272 ([CH3] 2C), 40.7, 40.6 (C-2°), 53.5 (CH;0),

£ 57.6 (C[CHL1)766.5, 66.2 (C-57), 707, 71.1 (C-3"), 85.4, 8576;°85.5, 859 (C-1", C-4%,

110.4 (C-5b), 111.9 (C-5), 120.5, 120.6 (‘'0”, OPh), 125.7 (‘p’, OPh), 128.9 (C-5a), 130.3

(‘m’, OPh), 138.0, 138.3 (C-6), 149.8 (ipso’, OPA) 150.9, 150.8 (C-4), 162.0, 162.1 (C-2),

176.4, 176.2 (COOCH;).

Synthesis -of (E)-S-(i—bromovinyi)-Z?—deoxyu ridine-5’-|phenyl-(ethoxy-o,a-
dimethylglycinyl)]-phosphate (CPF 27).
C23 H'ngl’N;;OgP, M \V=60237

WaAEA L2EL2015 108 40
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60
mmol), phenyl-(ethyl;2-amin0-2-methylpropan’ogte)-phosphorochloridate (458.0 mg, 1.5
5" mmol), NMI (246.3 mg, 3.0 mmol, 239_.1 pL) in THF (5 mL) for S hrs. ;Ihe crude product
was.pux"iﬁed by coilumn ch:orhatography, e]utino with chloroform/methanol 97:3 to give
the pure product as a white foamy sohd (106 mg, yield 29. 3%)
3'P.NMR (MeOD, 121 MHz): 8 3.91, 3.85 A ‘
'"H-NMR (MeOD, 300 MHz): § 7.84, 7.81 (1H, 2s, H-6), 7.44-7.20 (6H, m, OPA+H-5b),
10 6.88-6.81 (1H, 2d, *J=13.6 Hz, H-5a), 6.34- 628(]H m, H-1"), 4.50-4.34 (3H, m, H 5+H- 7
3°), 4.23-4.15 (3H, m, H- -4’ +CH3Cf_120),238 2.28 (1H, m, one of H-27), 2.22-2.09 (lH m,
one of H-2), 1.51 (6H;, s, [CﬂghC) 1.29 (3H, t, =7 Hz, CLI;CHZO)
" CNMR (MeOD, 75 MHz): § 14.9 (CHiCH,0) 27.9, 283 ([CH3,C), 41.5 (C-2), 58.51
5 (C[CHs)p), 63.1 (CH;CH,0), 68.2 (C-57),.72.6 (C-3); 87.1, 87.4 (C-1°, C-4%), 109.6 {C- N
15 5b), 112.7 (C-5b), 122~.0; 122.1, 122.2, (‘o’, OPh), 126.7-('p’, OPh), 131.0,131.2 (C-5a,
‘'m’ OPh), 140.4 (C-6), 151.4 (’ipso’, OPh) 152.5 (C-4), 164.0 (C-2), | 177.2
(COOCH,CHj).

20

Synthesis of . (E)-5-(2-bromovinyl)- 2’-(!00\yundmc-5’ [phenyl-(benzoxy-a,a-
dimethylglyciny))]- phosphate (CPF 14).
C28}13]BTN3O9P, MW=664.44.

LPo FPULKALA 12112815 10540
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This was synthesised according to Standard procedure 5, using BVdU (242 mg, 0.73
mmol), pheny]-(benzyl-2-amin0-2-methy'lpropanoate)-phos'ﬁhorochloridate (533.0 mg, 2.0 -
mmol), NMI (298.0 mg, 3763 mmol, 289 pL)>in THF (5 mL) for 4 hrs. The crude product |
was purified by column chroh]atography, eluting with chloroform/methanol 97:3 to give
5 the pure produ_ct as a white foamy solid (129.0 mg, yield 26.7%).
*'P-NMR (CDCl3, 121 MHz): §3.39,3.12. -
'H-NMR (CDCls, 300 MHz): & 9.52 (1H, bs, H-3),.7.67-7.60 (1H, 2s, H-6), 7.48-7.41 (1H,
2d, >J=13.6 Hz, H-5b), 7.40-7.16 (10H. m, 6P_h+CHzﬂ1_), 6.78-6.67 (1H, 2d, *J=13.6 Hz,
H-5a), 6.31-6.25 (1H, m, H-17), 5.18 (1H, s, CH,Ph), 4.50-4.09 (6H, m, H-3-’+H-5’+H—A4’,
10 NH, OH-3%), 2.48-2.25 (1H, m, one'of H-2"), 2.16-1.82 (1H, m, one of H-2"), 1.60 (6H, s,
[CH;] 2C). :
”CNNm(CDaL75Nnn)6273274285qCHmC)406zm7(c2)576576
- (C[CHas)y), 66.2, 66.5 (C-3").. 68.1 (CHzPh) 306, 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, 120.6, 125.7, 128.4, 128.5, 128.8; 128.9,
15 1303 (OPh C-5a), 135.7(’ipso’; CH,Ph) 138.1, 138:3 (C-6); 149.8, 150.8, 1509 (’ipso’ e
OPh, C- 4),162.1 (C-2), 177.5, 175.7 (COOCH;Ph). : ‘

20 Synthesis of (E)—57(2-bromovinyl)—2’-deoxyuridine-S’-]4-nitroph.er.lyl-(methoxy-a,a-
‘dimethylglycinyl)]-phosphate (CPF 45).
C22}]26BTN4O|]P, MW=633.34.

8
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This was synthesised acc/ording to Standard procedure 5, using BVdU (150 .mg, 0.45
mmol), 4-nitrophenyl‘-(methyl-2-amin0-2-methylpropanoate)-phosphorochloridate (378.84
5 mg, 1.13 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 pL) in THF’.(S mL) for 34 hrs. The
crude  product " was purified by ~column chrom'atographvy', eluting  with
dich]oromethane/n;‘éthanol 97:3 to give the pure pr.oduvct as a white foamy solid (145.7 mg,
yield 50.9 %).
*'P-NMR (MeOD, 121 MHz): § 3.61, 3.56. ‘
10 'H-NMR (MeOD, 300 MHz): & 8.30-8.25 (2H, 2d, */=9.0 Hz, OPh), 7.79-7.78 (1H, 2s, H-
A 6), 7.49-7.46 (2H, d, ’J=9.0 Hz, OPk), 7.37-7.32 (1H, 24, ’J=13.6 Hz, H-5b), 679 6.72
. (1H, 24, 3J—]36Hz H-S5a), 6.32-6.25 (1H, m, H-1 ),448435(3}1 m, H-3’+H- 5) 4.15-
4. ]4(1H m, H-4) 3.71 (3}1 S, C]_];O) 2.41-2.17 (2H, m, H-2), 1.51 (6H, s, [C]_i;]ZC) '
3C,-NMR (CDC];, 73, MHz) 6 28.0, 28.1, 28.2, 28.3 ([CH3),C), 41 45 41.5 (C-27), 53. 6
15 (CH;O), 58.7 (C[CHs}), 68.5 (C-57%), 72.3, 72.4 (C-37), 86.9, 87.0, 874 875(C 1’, C-4%),
109.7 (C-5b), 112.6 (C-5), 122.8, 122.9 (‘0’, OPh), 127.0 (‘m’, OPh), 130.9 (C-5a), 140.5
(C-6), 146.5 ('p’, OPh), 151.5 (‘ipso’, OPh), 157.3 (C-4), 164.0 (C-2), 177.5 (COOCH5).

20

Synthesis of (E)-5-(2-bromovinyl)-2’-dcoxyuridine-5’-[4-nitrophenyl-(ethoxy-a,a-
dimcthylglycinyl)] phosphate (CPF 46). '

25 C H3BrN,O P I\’I\V—6473 o el
Lpu RobEArs PITIZECS 19: 48
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45
mmol), '4-nitropheny-l-(ethyl-2—amino-2-methy]propanoate)-phosphorochloridate (442.1
mg, 1.26 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 pL) in THF (5 mL) for 4 hrs. The
crude | product  was puriﬁed' by  column éhromatogx‘a.phy, eluting  with
dichloromethane/methanol 97:3 to give the pure product as a white 'foamy solid (1 529 mg,
yield 52.5 %). |

_“P NMR (CDCl3, 121 MHz): § 3.00, 2.96.

’H-NMR (CDCl3, 300 MHz): & 10.28 (1H,.bs, H-3), 8.25.-8.12 (2H, 2d, >J=9.0 Hz, OPh),
7.68-7.67 (lH 2s, H-6), 7.46-7.32 (3H, m, OPA+H-5b), 6.69-6.67 (1H, 2d, 3J—13 5 Hz; H- .
Sa), 6.32- 626(]H m, H-1 ), 4.75-4.36 (SH, m, H-3’+H-5'+OH- 3+NH) 425 4.17 (3H,

T m, OCI;]ZCH3,H 4),260298(11—1 m, one of H-2’ ), 2.31-2.10 (1H, m, one of H-2"), 1.58

(64, [CH3]2C) 130-1:28 (3H, 2t,%J=7.1 Hz, OCH,CHy)..
BC-NMR (CDC13, 75 MHz2): § 14.5 (CH;CH;0), 27.1, 27.2, 27.3, 27.4 ([CH3},C), 406(C-
2%), 57.7 (C[CH3}y), 62.7 (CH3CH,0), 67.0 (C-5%), 71.0, 71.2 (C-3"), 85.4, 85.9, 86.1 (C-
1°, C-4%), 110.3 (C-5b), 111.9 (C-5), 121.2, 121.3 (‘0’, OPh), 126.2 (‘m’, OPk), 128.8 (C-
5a), 138.4 (C-6), 145.0 ('p’, OPh), 150.0 (C-4), 155.7-155.9 (’ipso’, OPh), 162.2 (C-2),
175.0-175.1 (COOCH,CH;). |

Synthesis of (E)-5-(2-bromovinyl)-2’-deoxyuridine-5’-|4-nitrophenyl-(benzoxy-a,o-

dimethylglycinyl)]-phosphate (CPF 47).

ngﬂjoBl’N4011P, MW=709.44
[}

i
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This was synthesised acc/(")rding to Standard proced.u}-e 5, using BVdU (100 mg, 0.30°

mmol), 4-nitrophenyl-(benzyl-2-amino-2-methy]propanoate)—phosphoroch]oridate (309.6

mg, 1.07 mmol), NMI '(123.7 mg, 1.5 mmol, 120.1 pL) in THF (5 mL) for 5 hrs. The crude
> product was purified by column chromatography,’ e]utmg with dlch]oromethane/methanol

97:3 to give the pure product as a ‘white foamy solid (]60 2 mg, yield 50. ) %).

3'P.NMR (CDC];, 121 MHz): 5 2. 95, 2.89. -

'H-NMR (CDCly, 300 MHz): § 10.16 (1H, bs, H-3), 8.26-8.24 (2H, 24, J=0.1 Hz, OPY),
771169 (1H, 25, H-6), 7.48-737 (8H, m, OPh+CH,Ph, H-5b), 6.75-6.72 (IH, 2d, '
10 %J=13.5 Hz, H-5a), 6.36:6.20 (1H, m, H-1"), 5.24 (2H, 5, CHyPh), 4.81-4.40 (SH, m, H-
3+H-5"+OH-3", NH), 4.22-4.21 (1H, mI{4)2572360H1n(meoﬂi2)227222 _
(1H, m, one of H-2°), 1.64 (6H, s, [CH;] 2C). | : -
”CNMR(CDCQﬁshuh)6274QCHQ£3406«:2%578«16&@)8?6«:5)
168.2 (CHpPh), 71.1, 71.2 (C-3'), 85.3, 862 (C-1’, C-4’), 110.5 (C-5b), 111.9 (C-5), 1212, -+ -
15 11262, 128.5, 11288, 129.0, 1291 (‘0 ‘m’, ‘p’, CHyPh+OPh+C-5a), 1355 (‘ipso’,
 CHiPh), (C-52), 138.4 (C-6), 145.0 (p’, OPh), 150.0 (C-4), 155.7 (ipso’, OPK), 162.2 (C-
2),175.4-175.5 (COOCH,Ph).

20
Synthesis of (E)-5~(2-brombviny_l)-2’—dcoxyuridine-5’-|4-chlorophcnyl-(methoxy-a,(x-
dimethylglycinyl)]-phosphate (CPF 42). '
szstB‘l’ClN;OgP, MW=622.79. .
25 . .,
LPO O KOLKARA 211201 10 40
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This was synthesised according to Standard proced)cre 5, using BVdU (150 mg, 0.45
mmol), 4~ch]orophenyl-(methy]-2—amino-251nethy]propanoate)-phosphorochlon’date (440.2
5 mg, 1.35 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 pL) in THF (5 mL) for 6 hrs. The

crudé-., product was. purified by column chromatography, eluting ' with
.dich]orometh_ane/methaqol 97.:3-10 give the pure produci as a white foamy solid (146.7 mg,
yield 56.5 %). | '
*'P-NMR (MeOD, 121 MHz): § 3.98 (s).

10 'H-NMR (MeOD, 300 MHz): 8), 7.71-7.69 (1H, 2s, H-6), 7.31-7.13 (SH, m, OPA+H-5b),
6.73-6.66 (1H, 2d, *J=13.6 Hz, H-52), 6.23-6.16 (1H, m, H-1"), 4.39-4.22 (3H, m, H-3’+H-
5’). 4.05-4.03 (1H, m, H-4%), 3.61 (3H, s, CH;0), 229219(]}1 m, one of H- 2), 2.15-

PC-NMR (CDCly; 75 MHz): §.28.0, 28.2, 28.3, 28.4 (ICH3)C), 415, 416 (C-2), 53.5,
15 53.6 (CH30), 586£C[CH3]Z) 68.2 (C-57), 72.4, 72.5 (C-3"), 87.1, 87.2; 87.3, 87.4 (C-1",
C-4%), 109.7 (C-5b), 112.7 (C-5), 123.7, 123.8 (‘o’, OPh), 130.9, 131.1 ('m’, OPh+C-5a),
131.9 (‘p’, OPh), 140.4 (C-6), 151.1, 151.2, 151.4 (’ipso’, OPh+C-4), 164.0 (C-2), 177.6,
177.7 (COOCH3).

20
S'ynthesis -of (E)—S-(Z-bromovinyl)-Z’-deoxyuridin¢-5’-l4-chlor0phenyl-(ethoxy-a,a-
;]imethylglycinyl)]-phosphate (CPF 43).
C23HyBrCIN;OoP, MW=636.81.

25 . PR 1 N om & " -
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This was synthesised according to Standard procédufe 5, using BVdU (150 mg, 0.45“'
mmol), 4-chloropheny]-(e/thyl-2—amino-2-methylpropénoate)-phosphorochlon'date (4133
mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol, 179.3 pL) in THF (5 th) for 16 hrs. The
5 crude product  was | purified by column chromatography, eluting with
dichlor’omethane/metfl.apol 97:3 to give the pure product as a white foamy solid (74 mg, -
yield 25.8 %). |
3'P-NMR (CDCls, 121 MHz) 53.47, 3. 33. .
'H-NMR (CDCl3, 300 MHz): § 10.03-9.99 (IH, 2bs, H-3), 7.70-7.67 (1H, és, H-6), 7.47-
_ 10 7.43 (IH, 2d, >J=13.6 Hz, H-5b), 7.35-7.20 (4H, m, OPh), 6.77-6.68 (1H, 2d, >J=13.6 Hz,
‘ H‘-Sa),.6.33-6.27 (1H, m, H-1"), 4.55-4.29 (5H, m, H-3’+H-5’+ OH-3’+NH), 4.22-4.17
' (2H, g, *J=7.1 Hz, OCH,CHy+H:4"), 2.53-2.42 (1H, m, one of H-2"), 222:2.08 (1H, m,
e -one of H-27), 1.57-1.54 (6H, 25, [CH;3):C), L3130/ (3H; 2679=7.1 Hz‘OCHch H;).
“C-NMR (CDC, 75 MHz): § 14.5 (CH;CH,0), 27.2, 27. 3, 27 4 ([CH3),C), 40.7 (C-2),
iS5 57.6 (C[CHs)2), 62.6 (CH3CH,0), 66.5, 66.6 (C-5"), 70.8, 711 (C- 3%, 85.5,.85.74, 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-5a), 130.9 (‘p’, OPh), 138.3 (C-6), 149.4 ("ipso’, OPh), 149.9 (C-4), 162.1, 162.2
(C-2), 175.7-175.9 (COOCH,CHj3). '

20 :
Synthesis of (E)'-S-(Z-bromovinyl)-2’—deoxyuridine-S’-[4-chIorophen_yl-.(benzoxy-a,a-
dimethylglycinyi)]—phosphate (CPF 44) |
C13H30BrCIN;OyP, MW=698.88.
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This was synthesised according to Standard procedure--5, using BVdU (150 mg, 0.45 .
mmol), 4-chloropheny]-(ljénzyl-2-amino-2-’methy]peranoate)-phosphorochloridate (505.0
mg, 1.25 mmol), NMI (184.7 mg, 2.25 mmol, 179.3 pL) in THF (5 mL) for 16 hrs. The - .

crude product was punfied by column chromatography, eluting  with
dichloromethane/methanol 97:3 to give the pure product as a white foamy solid (134.8 mg,
yield 42.9%). ' .

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

'H-NMR (CDCI3; 300 MHz): § 9.96-9.93 (1H, 2bs, H-3), 7_.66—7.65 (1H, 2s, H-6), 7.47-
_7.4] (1H, 2d, *J=13.5, H-5b), 7.39-7.18 (9H, m, OPh+CH,Ph) 6.74-6.69 (1H, 2d, >J=13.5
Hz, H-Sa), 631-6.25 (1H, m, H-1°), 5.19 (2H, CH:Ph), 4.51-429 (4H, m, H-3"+H-

~S'*NH), 4.15-4.12 (2H, m, H-4'+OH-3’), 2.48-2.40 (1H, m, one of H-2"), 2.18-2.05 (IH,

m, one of H-2"), 1.60-1.59 (6H, 2s, [CH,] :C).

VC-NMR (CDCly, 75 MHz): § 27,1, 27.5 (ICH3KC), 40.7 (C-2°), 57.7 (CICH3)), 6.4,

66.6 (C-5"), 68.2 (CH,Ph), 70.7, 71.1 (C-3’), 85.4, 85.5, 85.7, 86.0 (C-1°, C-4"), 110.5 (C-

5b), 112.0 (C-5), 121.9, 122.0, 128.4, 128.5, 128.9, 129.1 (‘o", ‘m’, 'p’, CH;Ph+OPA+C-

2

5a), 131.0 (‘ipso’, CHaPh), 135.6 ('p’, OPh), 138.1 (C-6), 149.3 (‘ipso’, OPh), 149.8 (C-
4),162.1 (C-2), 175.6 (COOCH,Ph).

Synthesis of (E)-S-(-Z-bromovinyl)—ﬁ’—deoxy'uridine-S’-[para-(triﬂuoromelhyl)—phcnyl-

(benzoxy-a,o-dimethylglycinyl)]-phosphate (CPF 48).
ngHjoBi‘F}N:}OyP, M\V=732.44 .

LMATA F2ILT20L15
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~This was sﬁthesised according to Standard procedure -5, using BVdU .(1450 mg, 045 -
mmol), ' 4-,':(tn'ﬂuoromethyl)—pheoyl-(bcnzyl-Z-amino-Z-methylpropanoate)-'
" phosphorochloridate (529.4.5 mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 pL) in
5 THF (5mL) for 4 hrs. The crude product was purified by column chromatography, eluting

with dichloromethane/methanol 97 3 to give the pure product as a white foamy so]rd
(142.1 mg, yield 43.1%). .
! 3'P-NMR (CDCls, 121 MHz): 8 3.16, 3.01. ‘ :
[ ' '"H-NMR (CDCl3, 300 MHz): & 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, OPA), 7.46-7.32 (8H, m, OPh+ CH,Ph +H-5b), 6.77-6.68 (1H,
2d, >J=13.6 Hz, H-5a), 6.31-6.26(1Hhm 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'+OH-3"), 2.48-2.41 (IH, m, oneofH2) 2.23-2.09 :
(1H, m, one of H-2), 1.60-1. 58(6H 25, CICHY) g T

PC-NMR (CDCl;, 75 MHz): & 27.0; 27.4, 21.5 (C[CH3)2), 40.6 (cz) 577 57.8

15 (CICHak), 66.8, 66.5 (C-5°), 68.2 (CH,Ph), 70.8; 71.1 (C-3"), 85.4, 85.7, 86.0 (C-1°, C-4"),
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+ CH,Ph+ C-5a), 124.2 (CFs, J=267 Hz), 135.6 (“ipso’, CH,Ph), 138.2
(C-6), 149.9 (C-4), 153.3 ('ipso’, OPh), 162.1 (C-2), 175.4 (COOCH,Ph).

20 §ynthesis . of (E)—S-(Z-Brornovrnyl)-z’-deoxyu_ridine-S’-lphenyl-(methoxy-a,a—

_ cycloleucinyl)]-phosphate (CPF 16).
Cz4H29Bl‘N309P, M\V=6]4.38.

PPO O KULKALA 12LE281S 10% 40
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This was synthesised accga:rdirig to Standard procedure §, usirig BVdU (250 mg, 0.75 °
mmol), Phenyl—(metho_xy—a,a-cycloleuciny])-phosphoroch]oridate (589 mg, 1.87 mmol),
NMI (6.2 mmol, 415 pL) in THF (7 mL) for 3 hrs. The crude product was purified by

" column chromatography, eluting with CH;C]Z/Metﬁapol 97:3 to give the pure product as a

white foamy solid (234 mg, yield 51%).

*'P.NMR (CDCls, 121 MHz): & 3.87, 3.82.

'"H-NMR (CDCly; 300 MHz): § 10.35-10.2 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.44-7.39
(1H; 2d, >J=13 Hz, H-5b), 7.37-1.15 (5H, m, OPh), 6.8 (1H, 2d, /=13 Hz, H-53), 6.30
(1H, 2t, >J=6 Hz, H1"), 4.4-4.2 (4H, m, H-5°, H-3’, NH), 4.1 (1H, H-4’), 3.72 (3H, 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),

1.8-1.6 (4H, m, 4H cyclopentane). . ) .

C-NMR (DMSO; 75 MHz): 5 24.4, 24,3, 24.2 (2CH, cyclopent), 39.2, 38.6, 38.5 (2CH,
cyclopent), 40.0 (C-2°), 53.2 (CH;0), 66.4 (Cqy.cyclopentane), 66.6‘(0-5’),' 70.9 (€-3"),
85.8, 85.6, 85.4, 85.3 (C-l’; C-4%), 110.2 (C-5b), 111.9 (C-5), 120.7-120.6 (‘0" Oﬂ:), _
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-Bromovinyl)-2’-dcoxyuridine-5’-[phenyl-(ethoxy-o, -
cycloleucinyl)]-phosphate(CPF 17).

4
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" This was synthesised according to Standard procedure'S‘, using BVdU (250 mg, 0.75
S mmol), 'Phenyl-(ethox.y-a,a-cyc]o]eucinylj~pho$phoroch]oridate (642 mg, 1.87 mmol),
NMI (6.2 mmol, 415 pL) in THE (7 mL) for 2 hrs. The crude product was purified by
-column chromutogr;:phy, eluting with CH,Cl,/Methanol 97:3 to givc'the pure product as a
white foamy solid (258 mg, yield 55%).

3Ip_NMR (CDCls, 121 MHz):  4.23, 4.1. }
10 '}j-NMR (CDCl;, 300 MHz): 6 10.3-10.1 (1H, bs, H-3), 7.8-7.75 (1H, 2xs, H-6), 7.51 (1H,
2d, 37=14 Hz, H-5b), 7.45-7.10 (5H, m, OPh), 6.8 (1H, 2d, *)=14 Hz, .H-Sa), 6.22 (1H, 2t,
374 Hz, H1’),4.55-4.05 (7H, m H-5’, H-3’, H-4’, NH, CH;CH,0), 2.50-2. 40(1H m, one
of H-2%), 2.35-1.95 (SH, m, onc of H-2’+4H cyclopentane} 195 1.75 (4H m, 4H
~ cyclopentane), 125 (3H, 21, *J=7 Hz, CH;CH,0). o |
15 PC-NMR (CDCl;, 75 MHz): § 14.5 (CH3CH,0), 2435, 24 A (2CH2 cyclopent), 39.2, 389
38.8, 38.4 (2CH; cyclopent), 40.6 (C-2°), 62.2, 62.1 (CH;CH,0), 66.2 (Cgq cyclopentane),
66.6 (C-5°), 70.8 (C-3°), 85.7, 85.5 (C-1’, C-4’), 110.2 (C-5b), 111.5 (C-5), 120.7, 120.6
(‘.o’, OPh), 125.6 (‘p’, OPh), 129.7 (C-5a), 130.2 ('m’, OPh), 138.5, 138.3 (C-6), 149.7 (C-

4), 150.9, 150.8 (‘ipso’, OPh), 162.3 (C-2), 176.3 (COOCH,CH3).

20

Synthesis of  (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[phenyl-(benzoxy-o,a-
cycloleucinyl)]-phosphate (CPF 18)..
25 Cs3pH33BrN;OoP, MW=690.48.

LEG KOLKALA 2112818 1048
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“ This was synth\e_sised according to Standard procedure 5, using BVdU (200 mg, 0.6

5 mmol), Phenyl-(benzy'loxy-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 chromatography, eluting .wj.th CH,Cl,/Methianol 97:3 to give the pure product-as a

white foamy solid (127 mg, yield 31%).

3IpNMR (CDCls, 121 MHz): §4.11, 4.01.

10 'H-NMR (CDCl;, 300 MHz):  10.2 (1H, bs, H-3), 7.8-7.6 (1H,.2xs, H-6), 7:45-7.4 (1H,

2&, *J=14 Hz, H-5b); 7.40-7.10 (10H. m, OPh+CH,Ph), 6.85 (1H, 2d, 3)=14 Hz, H;Sa),

' 62b (1H, m; H-1), 5.15 (1H, s, CH,Ph), 4.4-4.2 (3H, m, H-3" H-4’, NH), 4.1 (2H, m, H-

5%), 2.45-2.35 (III m, one of H-2°), 2.35-1.95 (5H, m, one of H- 2 +4H cyclopentane)

1.95-1.75 (4H m, 4H cyclopentane) .

15, BC-NMR (CDCl, 75 MHz): & 24.4, 24,3, 24.2 (ZCHQ cyclopent) 39.9, 39.7 38 6, 38.5
" (2CH, cyCIOpent), 40.5 (C-2), 66.2 (Cq _cyclopentane), 66.5 (C-5°), 67.8 (CH,Ph), 70.8,
70.7 {C-3), 85.7, 85.6, 85.5, 854 (C-1’, C-4°), 110.2 (C-5b), 111.8; 118.7 (C-5b), 120.7,

120.5 (*o’, OPh), 125.7 (‘p’, OPh), 130.2, 129.0, 128.8, 128.7, 128.5 ('m’ OPh, Bn, C-Sa)

135.8("ipso’, CH,Ph) 138.4, 138.2 (C-6), 149.8 (C-4), 150.9, 1508 (‘ipso’, OPh), 162.2
20 (C-2),175.7, 175. S(COOBn)

Synthesis of (E)-5-(2-Bromovinyl)-2’-dcoxyuridine-5’-[para-nitrophenyl-(methoxy-
a,a-cycloleucinyl)]-phosphate (CPF 19).
25 CyuHyBrN,Oy P, MW=659.38.

PO KULKARA 12112815 1040
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60
mmol), para—njtrophehyl-(methoxy-a,a—cyc]oleucinyl)-thSphorochloﬁdate (543 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,Cly/Methanot 97:3 to give the pure.

product as a white foamy solid (239 mg, yield 60%)

*'P_-NMR (CDCls, 121 MHz): § 3.73. _

'"H-NMR (CDCls; 300 MHz): § 10.5-10.2 (1H, bs, H-3), 8.35-8.25 (2H, 2d, /=6 Hz OPh)
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), 6.36 (1H, 21,°J=6 Hz, HI"), 4.65-4.4 (3H, m, H-5" H-

3°), 425-4.20 (1H, m, H-4"), 3.79 (3H, s, CH;0), 2.6-2.4 (1H, m, one of H-2"), 2.3- ]984 :

o (SH m, one of H-2'+4H cyclopentane), 1.9-1.76 (4H m, 4H cyclopentane).

15

'3C.NMR (CDCly; 75 MHz): 3 24.4, 243, 242 (2CH, cyclopent), 39.2 39.1 (2CHj% - . -

_ cyclopent), 40.5 (C-2’), 53-4, 53.3 (CH;0), 66.8 (Cg _cyclopentane), 67.1 (C-5%), 70.9 (C-

. 20

25-

o

|

3%), 86.1, 86.0, 85.5, 85.4 (C-1°, C-47), 110.2 (C-5b), 111.8 (C-5), 121.3, 121.2 (‘o’, OPA),
126.2 (‘m’, OPh), 128.9 (C-5a), 138.6 (C-6), 144.9 ("ipso’, OPh) 149.9 (C-4), 155.9, 155.8
(‘’p’, OPh), 162.3 (C-2), 176.3 (COOCHy3).

Synthesis of (E)-5-(2- -Bromovinyl)-2’-dcoxyuridine-5’- lpar;l -nitrophenyl- (clhoxy o,0-
cycloleucinyl)}-phosphate (CPF 20).
C25H30BTN30”P, MW=673 .4,

KOLK&LAS T2 201 LU 48
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This was synthesised ak:c/ording to S’tamfard procedure 5, using BVdU. (200 mg, 0.60
5 mmol), ‘para-nitrophenyl-(ethoxy-a,ct- cycloleucmy]) phOSphorochlondatc (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 chromatography, eluting w1th.CH2CJ2/Met}1anol 97:3 to gwe the pure product
as a white foamy solid-(240-mg, yield: 59%).
*'P-NMR (CDCls, 121 MHz): § 3.83, 3.79. _
10 'H-NMR (CDCl;, 300 MHz): & 8.25-8.2 (2H, 2d, 3J=9Hz OPh), 7.66 (1H, s, H-6), 7.4 (2H
24 ,°J=9Hz, OPA), 7.3 (1H, 2d; *J=14 Hz, H-5b), 6.85 (1H, 2d, 3J=14 Hz, H-5a), 6.3-6.2
(1H, m, HJ '), 4.7-4.45 (4H, m, H= 5’ H-3 , NH), 4.2- 4 05 (3H, m, H-4’, CH;3CH,0), 2.55-
2.4 (1H, m, one of H-2"), 2.2-1.95 (5H, m, one of H-2’ +4H cyc]opentane) 1.95-1.8 (4H, |
oy 4H eyclopentane), 1.2 (3H, 2t,°J=8 Hz, CHCH,0). " '
) 15 BC-NMR ( (CDCI;, 75 MHz): § 14.9 (CH;CH0), 24.5, 24,4 (2CH§ cyclopent), 3'9 1, 39.0,
7388 (2CH2 cyc]opéﬁt) 40.7 (C-2’), 62.4 (CH;CH,0), 66.5 (Cg 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 (‘0’, OPh), 126.2
('m’, OPh), 128.8 (C-5a), 138.5 (C-6), 144.9 (" lpso OPh), 149.9 (C-4), 155.5 (‘p’, OPh),
162.3 (C-2), 175.8, 175.7 (COOCH,CHj3).
20

Synthesis  of (_E)-S-(Z-Bromovinyl)-Z’-deoxyuridine-S’-lpnra-nitrophcny)-(l)cnzoxy-
a,a-cycloleucinyl)]-phosphate (CPF 21).
25 C30ngBrN40“P,_MW=735.47.

e
|.~3
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This was synthesised according to Standard procedure 5, usiﬁg BVdU (200 mg, 0.60
S mmol), para-m'trophen'yl-'(benzﬂoxy-a,a-cyc]p]euciny])—phosphoroch]oridate (656 mg, 1.5
mmol), _NMI (4.98 mmol, 332 pL) in THF (5 mL) for 3 hrs. The crude product. was
" ‘purified by column chromatography, eluting v;'ith CH;,Cly/Methanol 97:3 to give the pure’
) prodﬁct as a white foamy solid (269 mg, yield 61%).
*'P-NMR (CDCls, 121 MHz): § 3.72. .

10 'H-NMR (CDCl;, 300 MHz): § 10.3 (1H, bs, H-3), 8.22-8.12 (2H, 2d,°J=7 Hz, OPh), 7.65
(1H, 2xs, H-6), 7.45-7.30 (8H, m, H- 5b+OPh+CH2Ph) 6.72-6.65 (1H, 2d, *J=14 Hz, H-
Sa), 6.28 (1H, 2t, 3J—6Hz JH-17), 5.15 (1H, d, Clszh) 4.6-4.35-(4H, m, H-3’, H-5’, H-4",

l-NH) 2.55-2. 4 (IH m, one ofH 2’), 23-1.92 (5H, m, one ofH 2 +4H cyclopentane),

1.85-1.6 (4H m, 4H cyc]opemane)
15 >C-NMR-(CDCl;, 75.MHz): § 24. 4 24,3, 24.2 (2CGH,cyclopent), 39.1, 38.9, 38.7 (2CH2-
~ cyclopent), 40.5 (C-2°), 66.9 (Cq cyclopentane), 67.1 (C-5”), 68.0 (CH,Ph),:70.9°(C-3"),
85.3, 85.0 (C-1°, C-4%), 110.3 (C-5b), 111.8 (C-5), 121.2 (*0’, OPh), 126.} (‘m’, OPR),
129.0, 128.8 (Bn, C-5a), 135.7 ('ipso’, CH,Ph), 138.5 (C-6), 144.9 (’ipso’, OPh) 149.9

(C-4), 155.8 (’p’ OPh), 162.3 (C-2), 175.6 (COOBn).
20

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-fluorophenyl-(methoxy-
a,a-cycloleucinyl)}-phosphate (CPF 22).
25 CHBrFN;OP, MW=632.37.

PPD KOLK&PS 12312015 108 41
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This was synthesised acc/o;ding to Standard proéed;:re 5, using -BVdU (200 ﬁag, 0.60
5 mmol), para-ﬂuorOpheﬁyl—(methoxy-a,a-éyc]oleuciny])_—phosphorochlon'date (503 mg, 1.5
mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was
purified by column chror.natography, cluting with CH,ClL/Methanol 97:3 to give. the pure
prod.uct as a white fo:imy solid (251 mg, yield 66%).
*!'P-NMR (CDCls, 121 MHz): § 4.22. |
10 'H-NMR (CDCl3; 300 MHz): 8 10.3 (1H, bs, H-3),7.70 (1H, 2xs, H-6), 7.4 (1H, 24, 3J=]4
Hz, H-5b), 7.25-7.15 (2H, m, OPh), 7.1-6.95 (2H, m, OPh), 670(1H 2d, 3J=14 Hz, H=5a),
6306]5(]1—] 2t, 3J—SHZ H1?), 455405 (5H, m, H-5’+H-3’, NH H-4’), 3.72 (3H, 2s,

CH;0); 2.55- 2 35 (JH, m, one of H-2’ ) 2.25-1 92 (SH m, one of H-2’+4H cyc]opentane) '

1.85-1.6 (4H, m, 4H cyclopentane)

AL TR A

15 '’C-NMR (DMSO; 75 MHz): § 24.4, 24,3, 24.2 (2CH, cyclopent), 39.3, 39.2, 38.9, 38.5ussi-

(2CH; cyclopent), 40.6 (C-2°), 53.3, 53.2 (CH;0), 66.5 (Cg_cyclopentane); 66.7 (C-5),
70.9 (C-3), 85.8, 85.7, 85.4 (C-1°, C-4’), 110.2 (C-5b), 111.9 (C-5), 116.9, 116.6 ('o’,
OPh), 122,2, 122.0 (‘m’, OPh), 128.5 (C-5a), 138.5 (C-6), 146.7 (‘ipso’, OPh) 149.9 (C-4),
158.5 (’p’, OPh), 162.3(C-2), 176.4, 176.3 (COOCH;). '

20

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-fluorophenyl-(ethoxy-
a,x-cycloleucinyl)]-phosphate (CPF 23). '
25 C251:130BI’FN309P, MW=646.4.
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This was synthesised according to Standard procedure 5, qsing BVdU (200 mg, 0.60

S mmol), para-ﬂuoroph.enyl-(etho-xy-a,a-cycloleucinyl)-phésphorochloridate (524 mg, 1.5
mmol), NMI (4.98 mmol, 332 pL) in THF (5 mL) for 2 hrs. The crude product was

. punified by column c}xromatogréphy, eluting with. CH,;Cl,/Methanol 97:3 to give the pure
product as a white f(;amy solid (274 rﬁg, yield 71%). '
*'P-NMR (CDCl3, 121 MHz): § 5.30. ' .

10 'H-NMR (CDCl;, 300 MHz): & 10.35 (1H, bs, H-3), 7.7 (1H, 2xs, H-6), 7.44 (1H, 2d,
{hm}hJL%L72$iM(HLmJMﬁLILQ%(NLmJXﬁL&?U&2¢{FM}M
H-5a), 6.30 (1H, 2t,*J=6 Hz, H1"), 4.55,4.3 (3H, m, ﬁ-S’,_H-3’), 4.2-4.1 (4H, m, NH H-
4’, CH;CH,0), 2.55-24 (Il-'l,-m, one of H-2’),.2.22—1.90' (SH, m, one of H-2’+4H

E ".cy'(':lopentane), 1.8-1.6 (4H, m, ;1H cyclopent;ne)jrg_-_]i(3H,2t, 3J=? Hz, CH;CH,0).

15 | '>C-NMR (CDCls;,.75 MHz): 8 145 (CH3CH,0), 24.6, 24,4, 24.3 (2CH; cyclopent), 39.3, . . .
39.2, 38.9, 38.6 (2CHz cyclopent), 40.6 (C-2°), 62.2 (CH3CH20), 66.5 (Cg cyclopentane),
66.7 (C-5%), 71.0 (C-3°), 85.8, 85.7, 85.5, 85.4 (C-1°, C-4%), 110.2 (C-Sb); 111.9 (C-5),
116.9, 116.5 (‘0’, OPh), 122.2, 122.1 (’'m’, OPh), 129.0 (C-5a), 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,CHy).

20

Synthesis of (E)-5-(2-Bromovinyl)-2’-dcoxyuridine-5’-[para-fluorophenyl-(benzoxy-
a,a-cycloleucinyl)]-phosphate (CPF 24). -
25  C30H:BrN;OP, MW=708.47.
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This was synthesised according to Standard procedure 5, using BVdU (200 mg, 0.60
mmol), para—ﬂuorophény]-(benzyloxy-a,a—cycloleuciny])-phosphoroch]oﬁ'date (616 mg,
1.5 mmol), NMI (4.98 mmol, 332 pL) in THF (5 rﬁL) for 2 hrs. The crude product was
purif;ed by column chromatography;..eluting with CH,Clo/Methanol 97:3 to give the pure
product as a white foamy solid (283 mg, yield 67%). .
3P-NMR (CDCl3, 121 MHz): § 4.27. .
'H-NMR (CDCls, 300 MHz): § 10.3-9.85 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.45-7.35
(1H, 24, 3J=14 Hz, H-5b), 7.40-7.30 (5H. m, CH,Ph), 7.25-7.15 (2H, m, OPh), 7.05-6.95
(28, m, OPh), 6.71 (1H, 2d, *J=14 Hz, H-5a), 6.27 (1H, 2t, 3J=6Hz,' H-17), 5.15 (1H, s,
CI;I;Ph)' 4.45 (1H, m, H-3"), 4.40-4.30 (2H, m:H 5%) 4.20-4.05 (2H m, H-47, NH) 2.5-2.4

“(IH m, one ofH 2 ), 2.25-1.9 (5H, m, one of H-2’ +4H cyclc;pentane) 1.8- ] 6 (4H m, 4H

15

20

25

B

cyclopentane). . e oL

PBCNMR (CDCly, 75 MHz): § 24.5, 24,3, 24.2 (2CH; cyclopent), 39.7,;39.6, 39.3, 39.2
(2CH; cyclopent), 40.5, 40.0 (C-2’), 66.6 (Cq_cyclopentane), 67.2, 66.7 (C-5°), 67.9
(CH,Ph), 70.8, 70.7 (C-3°), 85.8, 85.7, 85.4, 85.3 (C-1°, C-4’), 110.3 (C-5b), 111.8 (C-5),
116.9, 116.6 (‘0’, OPh), 122.2, 122.1 (‘m’, OPh), 129.0, 128.9, 128.6, 128.5 (Bn, C-Sa)

135.8("ipso’, CHyPh) 138.5 (C-6), 146.8, 146.7 (‘ipso’, OPh), 149.9 (c 4) 158.5 (’p
OPh), 162.2 (C-2), 175.7, 175.0 (COOBn).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-chlerophenyl-(methoxy-

a,a-cycloleucinyl)}]-phosphate (CPF 32).
C14}]23:BI‘C|N309P, MW=648.82.
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This was synthesised acc,érding to Standard procedure 5, vsing BVdU (150 mg, 0.45
mmol), para-é:h]orophenyl—(methoxy—a,a-cyc]o]eucinyl)—phOSphorochioridate' (475 mg,
5 1.35 mmol), NMI (4.5 mmol, 300 pL) in THF (5 mL) for 2 hrs. The crude product was
purified by column chromatography, eluting with CH;Clleethanol 97:3 to give the pure
product as a white foamy solid (187 mg, yleld 64%)
3P.NMR (McOD, 121 MHz): § 4.64.
'H-NMR (MeOD; 300 MHz): 8 7.75 (1H, 2xs, H-6), 7.32 (1H, 2d, >°J=14 Hz, H-5b), 7.32-
10 7.27 (2H, m, OPh), 7.20-7.11 (2H, m, OPh), 6.72 (1H, 2d, *J=14 Hz, H-5a), 6.27-6.20 (1H,
. 2t,°J=6 Hz, H1"), 4.35 (1H, m, H-37), 4.30 (2H m, H-5") 4.1 (2H, m, H-4"), 3.72 (3H, 2s,
CH;O), 2. 32 2 20 (1H, m, one of H-2), 2.20-1. 92 (SH m, one ofH 2’+4H cyclopentane),
| 1.8-1. 6(4H m, 4H cyclopemane) ‘ -

. C:NMR (McOD 75 MHz) B 25 7 256 (2CH; cyclopent), 41.7, 41.6, 41 4 41 3 (2C1~12m i
15 cycl_opent), 42.7 (C-2%), 54.1, 53.9 (CH;0),:67.8 (Cq cyclopentane), 69.1, 69.0 (C-57), 73.8 = «% -
(C-3"), 88.4, 88.3, 88.2 (C-1°, C-4°), 110.2 (C-5b), 111.8(C-5), 122.1, 121.9 (‘o’, OPh),.
128.9 (C-5a), 130.6 (‘m;, OPh), 130.8 ('p’, OPk), 138.5 (C-6), 149.5, 149.4 ('ipso’, OPh),
149.9 (C-4), 162.2(C-2), 175.6 (COOCH3).

20

Synthesis of (E)-S-(Z-Bromovinyl)-Z’-dcoxyuridine—S’-Ip:’]ra-chlorophcnyl—(ethoxy-
25 a,aoécycloleucinyl)]-phospha(e (CPF 33). ‘

e oL GstiuBrONOR, MWE602.85. 1 s 43
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This was synthesised acc,c:)rding to Standard procedure 5, using BVdU (150 mg, 0.45
- mmol), para-chlorophenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (495 mg, 1.35

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

by column chromatogrdphy, eluting with CH,Cly/Methanol 97:3 to give the pure product
_as a white foamy solid (240 mg, yield 66%). . ; .

3'P_.NMR (CDCl3, 121 MHz): § 4.15.

H-NMR (CDCl;, 300 MHz): § 10.25-10.1 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.4-7.3 (1H,
2d;°J=14 Hz, H-5b), 7.25-7.20 (2H, m, OPh), 7.20-7.10 (2H, m, ORA), 6.75 (1H, 2d,
3J=14 Hz, H-5a), 6.20 (1H, m, H1"), 4.35 3H, m, H-3’, H-5"), 4.2- 4.0 (4H, m, H-4", NH,
CH;CH;0),. 2.45-2.25 (1H, m, one of H-2), 2.25-1.85 (SH, m, one of H-2'+4H

'cyc10pentane) 1.75-1. 55 (4H m, 4H cyc]opentane), l 2 (3H, 2t,°J=7 Hz CHZCHZO)

' |3C-NMR (CDC];, 75 MHZ) b 14 5 (CH;CHZO) 24 5, 24,4 (2CH- cyclopent), 39.3, 39. 2
38.8, 38.6 (2CH2,cyglopexut), 40.5 (C-2%); 62.3 (CH3CH,0), 66.1 (Cq-eyclopentanc), 66.7 - ~-- -

(C-5), 70:8 (C-3°), 85.8, 85.4 (C-1°, C-47), 110.3 (C-5b), 111.9 (C-5), 122.1, 121.9 (0’
OP¥), 129.0 (C-5a), 130.2 ("m’, OPh), 130.8 (*p’, OPA), 138.5 (C-6), 149.5, 149.4 ("ipso’,
OPh), 149.9 (C-4), 162.3 (C-2), 175.9 (COOCH,CHj).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-chlorophenyl-(benzoxy-
a,a—cycloleucinyl)l-phosphéte (CPF 34).

Lo 1o oHnBECINGOoR, MWETR492. 1 s 41
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~This was synthesised according to Standard précedure 5, using BVdU (150 mg, 0.45

5 mmol), para-chlorOphényl-(benzyloxy-a,cx-cyc_loleucinyl)-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 chron-)atography, eluting with CH;C]leethanol 97:3 to give the pﬁre
product as a white foamy solid (222 mg, yield 68%).
3'P.NMR (CDCls, 121 MHz): 3 4.11, 4.05. .

10 ’H-NMR (CDCl3,.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, OPk), 6.75-6.67 (1H, 24, ’J=14 Hz, H-5a), 6.28 (1H, 2t,
“3.1—6}12 H-1"), 5.15 (1, 25, CHPh), 4.5 (1H, m, H-3"), 435 (2H, m, H-5) 4.1 (H, m, H-
4%), 4.00 (1H, m, NH), 248235(1H m, oneofH 2) 2.3- 192 (5}-1 m, one of H-2’+4H

mcyc]opentane) 1.8-1.6 (4H, m, 4H cyclopentane)

15, "3C NMR (CDC];, 75 MHz): 6 24.5, 24 4, 24 ,3, 24. 2 (2CH, cyc]opent) 39.3, 3838, 38.6

| (2CH2 cyclopent), 40.5 (C-2”), 66.7 (Cq cyclopentane), 67.9 (CH,Ph), 68.4 (C-5"), 70.7 (C-~ °
3%), 85.7 , 85.7, 85.4, 853 (C-1°, C-4%), 110.3 (C-5b), 111.8 (C-S), 122.0, 121.9 (‘o’
OPh), 129.1, 128.3,128.2 (Bn, ‘m’, OPh) , 130.2 (C-5a), 135.8 ('ipso’, CH.Ph), 136.3 ('p*
OPh), 138.2 (C-6), 149.5, 149.3 (’ipso’, OPh), 149.9 (€C-4), 162.2 (C-2), 175.7, 175.5

20 (COOB).

Synthesis - of (E)—S-(Z-Bromovinyl)-Z’-dcoxyuridinc-S’-lpam-triﬂuorophcnyl-
(methoxy-a,a-cycloleucinyl)]-phosphate (CPF 28).
25  Cy5HBrFiN;O0P, MW=682.38.

[
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45
mmol), paxa—tn‘ﬂuordphenyl—(methqu-a,a-cyc]oleucinyl)-phdsphorochloridute (521 mg,
1.35 mmol), NMI (4.5 mmol, 300 pL) in THF (5 mL) for 2 hrs. The crude product -was‘
purified by column chromatogfraphy, e]u.t.ing' with CH,Cl/Methanol 9;/:3 to give the pure-
product as a white foamy solid (199 mg, yield 65%).

*'P-NMR (CDCls, 121 MHz): § 3.80. ' .

'"H:-NMR (CDCl3; 300 MHz): § 7.70 (1H, 2s, H-6), 7.5 (1H, 2d, */=14 Hz, H-5b), 7.45-
7.32 (4H, m, OPh), 6.72 (1H, 2d, }J=14 Hz, H-5a), 6.28 (1H, 42t =6 Hz, H1%), 4.55 (1H,
m, H-3"), 4.45 (2H, m, H-5"), 4.25 (1H, H4),415(1H NH) 3.71 (3H, 2s, CH;0), 2.6-

2.4 (1H, m, one of H-2’ ) 2.3-1.9 (SH, m, one ofH 2’ +4H cyclopentane) l 85 1 6 (4H m,

4H cyclopentane). , . , A
BC.NMR (CDCls; 75 MHz): 6_;;4,52,._24,3; ,29:2 (2CH; cyclopent), 39.2,-39.1, 38.8, 38.6
(2CH, cyclo;_;ent),-40.5 (C-2%), 53.9 (CH;0), 66.3 (Cg cyclopentane), 66.8 (C-5%), 70.9 (C-
3’), 85.8, 85.4 (C-1°, C-4"), 110.3 (C-5b), 111.9 (C-5), 125.1 (d, J=270Hz, CF3), 127.1,
127.0 (‘o’, OPh), 127.8 (‘m’, OPh), 128.9 (C-5a), 129.0 ('p’, q, J=32Hz, OPh), 138.5 (C-
6), 149.9 (C-4), 153.5 ("ipso’, OPh), 162.2 (C-2), 176.3, 176.2 (COOCH3).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-|para-trifluorophenyl-(ethoxy-
a,a-cyclolcucinyl)]-phosphatc (CPF 29).
C26H3()BI‘F3N309P, MW=69().40.
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45
5 mmol), para-triﬂuoraphenyl-(ethoxy-a,a-cycloleucinyl)-phosphorochloridate (540 mg,
1.35 mmol), NMI (4.50.mmol, 300 uL) in THF (5 mL)'hfor 2 hrs. The crude product was
purified t;y column chromatography, eluting with CH2C12/Methanol 97:3 to give the pure
product as a white foamy solid (185 mg, yield 59%). .
YP.NMR (CDCl;, 121 MHz):  4.30. .
10 'H-NMR (CDCl;, 300 MHz): § 10.35 (1H, bs, H-3), 7.70 (1H, 2xs, H-6), 7.40 (1H, 2d,
.~ 3J=14 Hz, H-5b), 7.28-7.14 (2H, m, OPh), 7.05-6.95 (2H, fn, Oﬂ), 6.70 (1H, 2d, *J=14
Hz, H-52), 6.3 (1H, m, HY’), 4.55-43 (3H, m, H-5’, H-3"), 42-4.1 (3H, m, H-4’,
CH;CH;0), 2.5-2.35 (1H, m, one of H-27), 2.20-1.9 (5H, m, or')e of H-2’+4H
~ cyclopentane), 1.85-1.6 (4H, m, 4H cyclopentane), 1.25 (3H, 2t,J=7 Hz, CH,CH,0).
15 ”C-NMR (CDCl3, 75-MHz): § 14.5 (_CH;CHZO), 24.5; 24,4 (2CH, cyclopgm)f,‘39;3,:39.2,-
38.9, 38.5 (2CH;, cyélopent), 40.6 ~(C-2’), 62.2 (CH;CH,0), 66.7 (Qg_cyclopéntane), 67.4,
67.3 (C-5’), 70.9 (C-3"), 85.8, 85.7 (C-1°, C-4"), 110.2 (C-5b), 111.9 (C-5), 116.8, 116.5
(‘0’, OPh), 122.2,122.1 ('m’, OPh), 125.1 (d, J=270Hz, CF3), 129.0 (C-5a), 131.1 ('p’, q,
J=32Hz, OPh), 138.5 (C-6), 146.8, 146.7 (‘ipso’, OPH), 149.9 (C-4), 162.3 (C-2),
20 175.9,175.8 (COOCH,CHj3). -

Synthesis of (E)-S—(Z-Bromovinyl)-Z’-deoxyuridine-5’~|para-triﬂuorophenyl-
(benzoxy-a,a-cycloleucinyl)]-phosphate (CPF 30).
25 C3|H32BI'F3'N3O9P., MW=75847.

el KULKARA T 41120815 1B 41
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This was synthesised éccording to Standard procedure 5, usihg BVdU (150 mg, 0.45
mmol), para-trifluorophenyl-(benzyloxy-a,a-cycloleucinyl)-phosphorochloridate (623 mg,
1.35 mmol), NMI (4.5 mmol, 300 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 (218 mg, yield 64%).
3P_NMR (CDCls, 121 MHz): § 4.30.

'H-NM}} (CDCls, 300 MHz): 6 10.35 (1H, bs, H-3), 7.65 (1H, 2xs, H-6), 7.55 (2H, m, 2H

~ OPh), 7.45:7.25 (8H. m, 2H OPh+CH,Ph+ H-5b), 6.7 (1H, 2d, *J=14 Hz, H-5a), 6.30 (1H,

2t;°J=6Hz, H-17), 5.15 (1H, 2s, CH,Ph), 4. 55-4.35 (3H, m, H 3’+ H-5%), 425 (1H, B- 4’) .
4.10 (1H, NH), 2.55-2.35 (1H, m, one of H- 2) 230 l 92 (SH m, one of H-2+4H
cyc]opentane) 1.8-1.6 (4H, m, 4H cyclopentane)

Hfjg_-_NMR‘,(,CDCI;,,:.zs.'MHz). 8,25.5, 24.4, 24,3, 24.2 (2CHyp: cyclopent) 39.2,39.1, 38.7,

38.6 (2CH; cyclopent), 40.5, 40.0 (C-2’), 66.4 (_q_cyclopentane), 66.8 (C-5°), 68.0
(CH,Ph), 70.9 (C-3"), 86.0, 85.8, 85.4, 85.3 (C-1°, C-4"), 110.3 (C-5b), 111.9 (C-5), 121.8,
120.8 (*o, m’, OPh), 125.2 (d, J=270Hz, CF3), 128.5, 127.7, 127.5 (Bn, C-5a), 129,2 (p’,q
, J=32Hz, OPA), 1354 (‘ipso’, CH,Ph), 138.5 (C-6), 149.9 (C-4), 153.5 (‘ipso’ OPh),
162.2 (C-2), 175.6,175.5 (COOBn).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’~|phenyl-(methoxy-L-
phenylalaninyl)]-phosphate (CPF 36). k
C27H29BrN;O9P, MW=650.41.

4=
e
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This was symhesised'according to Standard procedure 5, using BVdU (150 mg, 0.45

5 mmol), Phenyl-(methoxy-L-phenylalaninyl)-phosphoroch]oridate (477 mg, 1.35 mmol);- -
NMI (4.42 mmol, 190 pL) in THF (5mL) for 2 hrs. The-crude pfoduct was purified by .
column chromatography, -eluting with CH2Cly/Methanol 97:3 to give the pure product as a
white foamy solid (169 mg, yield 58%).
*'P-NMR (CDCl;, 121 MHz): § 4.79, 4.71.

10 'H-NMR (CDCly; 300 MHz): § 9.95 (1H, bs, H-3), 7. 60-7.55 (1H, 2xs, H- 6) 7.48-7.4 (1H,
24, J=14'Hz, H-5b), 7.3-7.1 (10H, m, CHyPh+ OPA), 6.75-6.65 (1H, 2d, *J=14 Hz, H-5a),
6.27-6.18 (1H, m, H1"), 4.57-4.29 (6H, m, H-5" H-3°,H-4’, NH, CHphenylala), 3.70 (3H,

2s, CH;0), 3:01 (2H, ™, CH,Ph), 2.35- 220 (1H, m, one of H-2%), 2.07-1.95(1H, m, one of
H-2%).

15 PCNMR (CDCls; 75 MHz) 8 36 3 (CHzphenyla]anme) 41 9 41.8 (C-2%), 53.0 (CH;0),
56.6, 56.1 (CHphenylala), 67.1 (C-5), 71.3, 70.7 (C-3"), 85.7, 85.6, 85.5, 85.4 (C-1°, C-
4’), 110.4 (C-5b), 111.9 (C-5), 120.6,120.5 (‘o’, OPh), 127.8 (‘p’, OPk), 130.1, 129.9,
129.8, 129.1 (CH,Ph, C-5a;'m’ OPh), 138.0, 137.9 (C-6), 149.8 (C-4), 150.7,150.6 ("ipso’,
OPh), 162.1, 162.0 (C-2), 173. 5 (COOCHY3). '

20

. . Synthesis. of (E)-S-(Z-'Bromovinyl)-2_’-dcoxyuridin'c-S’-|phenyl—(melhoxy-L-]eucinyl)]-‘ :
| ' phosphate (CPF 35). '
CzaH;nBl‘N)OgP, MW=616.40.

Lo KOLKALA 12112815 19: 41l
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.This was synthesised -according to Standard procedure 5, using BVdU (150 mg, 0.45

mmol), Phenyl-(methoxy—L—leucinyl)—phosphorochlorida;e_ (432 mg, 1.35 mmol), NMI
(4.42 fnmol 190 pL) in THF (5 mL) for 2 hrs. The crude product was puﬁﬁed by column

chromatography, eluting with CH2C12/Methanol 97 3to give the pure product as a white
foamy solid. (167 mg, yield 60%).

3P _NMR (CDCl3, 121 MHz): § 5.14, 4.60.

'H-NMR (CDCl3; 300 MHz): § 10.1 (1H;bs, H-3), 7.75 (1H, 2xs, H-6), 7.45 (1H, 24,
3J=14 Hz, H-5b), 7.4-7.2 (5H, m, OPkh), 6.85 (1H, 2d, >J=14 Hz, H-5a), 6.27-6.18 (1H, 2t;"
J=6 Hz, HI’), 4.5-42 (4H, m, H-5’H-3’; NH), ‘4.1 (1H, mH-4’), 3.95 (IH, m,

CHCH,CH(CHa)z), 3.70 (3H, 2s, CH;0), 2.40-2.20 (1H, m, one of H-2), 2.05:1.95 (1H,..... o

m, one of H-2"), 1.8 (1H, m, CHCHzCH(CH;)z) 1.8-1.5-(2H, m, CHCH2CH(CH3)2) 1.0-
0.9 (6H, mi, CHCH,CH{CH3)). '

*BC-NMR (CDCl3; 75 MHz): & 23.2, 23.1, 22.0, 21.9 (2C, CHCH,CH(CH;),), 24.9, 24.7

(CHCH,CH(CH}),), 40.6 (C-27), 43.7, 43.6 (CHCH,CH(CH3),), 53.0 (CH;0), 53.7, 53.6
(CHCH,CH(CHy)y), 66.6, 66.3 (C-5"), 71.1, 70.8 (C-3"), 86.0, 85.7, 85.6, 85.5 (C-1", C-
4’), 110.4 (C-5b), 111.9 (C-5), 120.6, 120.5, 120.4 (o', OPh), 125.8, 125.7 (‘p’, OPA),

© 128.9(C-5a), 130.2 ('m’ OPH), 138.1 (C-6), 149.9 (C-4), 150.8, 150.7 ('ipso’, OPk), 162.2

(C:2), 175.1, 174.9 (COOCH3;).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-{phenyl-(benzoxy-L-leucinyl)}-
phosphate (CPF 37).

C30H35sBrN3;O9P, MW=692.49.
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This was synthesised according to Standard procedure 5, using BVdU (150 mg, 0.45 .
mmol), Phenyl-(benzoxy-L-leucinyl)-phosphorochloridate (534 mg, 1.35 mmol), NMI

(4.42 mmol, 190 pL) in THF (5 mL) for 2 hrs. The crude product was punfed by co]umn._. .

chromatography, eluting with CHQCIleethano] 97:3 to give the pure product as a ‘white
foamy solid (199 mg, yield 64%).
J'P-NMR (CDCls, 121 MHz): 5 5.18, 4.54.

'"H-NMR (CDCly; 300 MHz): § 9.95-9.85 (1H, bs, H-3), 7.55 (1H, 2xs, H-6), 7.38 (1H, 2d,

3J=14 Hz, H-5b), 7.3-7.1 (5H, m, CH,Ph+:OP4), 6.65 (1H, 2d, >J=14 Hz, H-5a), 6.26-6.14

(1H, 2t,%J=6 Hz,-H1’), 5.1 (2H, 2s, CH,Ph) 4.4-3.8 (6H, m, H-5"H-3', NH, H-4",

--CHCH,CH(CH,),), 2.35-2.25 (1H, m, onc.of H-22),1.95-1.85 (1H, m, one of H-2’), 1.6-

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

PR EARgt:EY

BEINMR (CDCls; 75 MHz):  23.2, 23.1, 22.0, 219 2C, CHCH;CH(CH;)_;) 24.9, 24,7

(CHCH,CH(CHy);), 407 (C-2°), 439, 438 (CHCH,CH(CH)),), 53.9, 537
(CHCH,CH(CHs)y), 66.4, 66.2 (C-5"), 67.8 ,67.7 (CH;Ph), 71.1, 70.7 (C-3"), 85.9, 85.6,
85.4, 853 (C-1°, C-4’), 110.4 (C-5b), 111.9 (C-5), 120.6, 120.5 (‘o’, OPh), 125.8, 125.7
(‘p’, OPh), 130.2, 129.1, 128.9 (C-Sa, CH,Ph, ‘m’ OPh), 135.4 (’ipso’, CH,Ph), 138.1 (C-
6), 149.8 (C-4), 1502 (’ipso’, OPh), 162.1 (C-2), 175.7, 174.6 (COOBn).

Synthesis of (E}S—(Z-Bromovinyl)-2’-deoxyuridine-S’-lpara-nitiophenyl-(bcnzo,;(y-lf
Ieucinyl)i-phosphate (CPF 38).
C;30H3:BrN,O; P, MW=737.49.
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This was synthesised -according to Standard procedure 5, using BVAU (150 mg, 0.45
5 mmol), para-nitrophenyl-(benzoxy-L-leucinyl)-phosphorochloridate (595 mg, 1.35 mmol),
"NM1 (4.42 mmol, 19Q pL) in THF (5 mL) for 2 hrs. The crude product was purified by -
column chromatography, eluting with CH,ClL,/Methanol 97:3 to give the pure product as a
white foamy solid (176 mg, yield 5_3%).
3'P_NMR (CDCl;, 121 MHz): & 5.72, 4.35. ‘
10 'H-NMR (CDCl;; 300 MHz): § 10.2 (1H, bs, H-3), 8.1(2H, m, 2H OP4), 7:65 (1H, 2xs, H- !
6), 7.45-7.2 (8H, m, H-5b, CH,Ph+ 2H OPh), 6.65 (1H, 2d, }J=14 Hz, H-5a), 6.35:6.2 (1H, '
2t, 2=6 Hz, HI’), 5.15 (2H," 2s, CH,Ph) 4.7-39 (6H, m, H-S;,H-3’, NH, H-4’,
" CHCH,CH(CHL,), 2.55-2.4 (1H, m, one of H-2'), 2.15:2.05 (I, m, one of H-2'), 1.7-1.5
(3H, m, CHCH,CH(CHs),), 0.95-6.8 (6H, m, CHCH,CH(CH}3);).
v+ 15 *C.NMR (CDCly; 75 MHz): & 23.2, 23115 22.0, 21:9 (2C, CHCH,CH(CH3);), 24.9, 24.8
“(CHCH,CH(CH3);), 40.6 (C-2°),” 43.7, 43.6 (CHCH,;CH(CHs)y), ‘53.9, 53.7
(CHCH,CH(CH3)y), 66.9 (C-57), 67.9 (CH,Ph), 71.2, 70.8 (C-3), 85.8, 85.3, 85.2 (C-1’,
C-4’), 110.6 (C-5b), 111.9 (C-5), 1213 (‘o’, OPh), 129.2, 129.1, 128.8, 126.2 (C-5a,
CH,;Ph, 'm’ OPh), 135.4, 135.3 ("ipso’, CHyPh), 138.2 (C-6), 145.2, 145.1 ('ipso’, OPh),
20 149.9(C-4), 1555 ('p’, Oﬂ),.lléz..l (C-2), 174.2 (COOBn).

Synthesis of (E)-5-(2-Bromovinyl)-2’-deoxyuridine-5’-[para-chlorophenyl-(benzoxy-
L-leucinyl)}-phosphate (CPF 39). '

C30H34BYC|N309P, ]\’]\V=72694 ’




