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PHOSPHORAMIDATE COMPOUNDS AND
METHODS OF USE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue of U.S. Pat. No. 7,951,787,
which is a U.S. National Stage application of International
Application No. PCT/GB2004/003148, filed Jul. 20, 2004,
which claims the benefit of Great Britain Application No.
0317009.9, filed Jul. 21, 2003.

The present invention relates to nucleotide derivatives and
their use 1n the treatment of cancer.

Nucleoside analogues such as fluorodeoxyuridine (1),
cytarabine (2) and gemcitabine (3) are well established as
anticancer agents. They function as inhibitors of DNA
synthesis after activation to their 3'-phosphate form.

(1)

O
HO
O

b
(2)

)

OH

(3)

HO
O
_I( .
|

OH 3

The free bioactive phosphate forms do not in general
represent usetul drugs due to their poor membrane perme-
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ation. In an eflort to circumvent this a number of phosphate 65

pro-drug approaches have been reported [Rosowsky et al, J.
Med. Chem., 1982, 25, 171-8; Hong et al, J. Med. Chem.,

2

1983, 28, 171-8; Kodama et al, Jpn. J. Cancer Res., 1989, 80,
679-85; Hong et al, 1979, 22, 1428-32; 11 et al, J. Med.
Chem., 1990, 33, 2264-70; Jones et al, Nucleic Acids Res.,
1989, 17, 7195-7201; Hunston et al, J. Med. Chem., 1984,
2’7, 440-4; Lorey et al, Nucleosides Nucleotides, 1997, 16,
1307-10; Farquhar et al, J. Med. Chem., 1983, 26, 1153-8;
Shuto et al, Nucleosides Nucleotides, 1992, 11, 437-46; Le
Bec et al, Tet. Letts., 1991, 32, 6533-6; Phelps et al, J. Med.
Chem., 1980, 23, 1229-32].

In general the phosphate prodrugs have biological prop-
erties and therapeutic activities that are similar to, or some-
what lower than, the parent nucleoside analogue.

We have carried out extensive work 1n 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.

An example 1s the phosphoramidate (4) derived from
anti-HIV d4T (5).

(4)

()

HN

A
e/

We observed the eflect of wvariations 1n the ester
[McGuigan et al, AVCC, 1998, 9, 473-9], amino acid

[McGuigan et al, 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 phosphoramidate, as well as
the effect of amino acid stereochemistry [McGuigan et al,
AVCC, 1996, 7, 184-8), phosphate stereochemistry [ Allen-
der et al, Analytica Chim. Acta, 2001, 435, 107-13] and
nucleoside [Balzarim et al, BBRC, 1996, 225, 363-9;
McGuigan et al, B1oOrg. Med, 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
methoxvalaninyl phosphoramidate as the prototype pro-

moiety for the intracellular delivery of bioactive nucleotides
|[Balzarini1 et al, PNAS, 1996, 93, 7295-9; McGuigan et al,

J. Med. Chem., 1996, 39, 1748-53].

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 bromovinyl-2'-deoxyuridine (BVDU) (6). In particu-
lar, they have found that the phenyl methoxyalaninyl phos-
phoramidate (7) has significant anti-cancer activity. This 1s
in marked contrast to the parent (antiviral) nucleoside (6).
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(6)
) Br

HO

(7)

Limited SAR has been presented by this group, although
in their patent applications [W00239952, EP12004355,
CA2317505, U.S. Pat. No. 6,339,151, EP116797,
AU2451601] they claim a series of general variations 1n the
base, and phosphate regions. However, based on our prior
art, the phenyl methoxyalaninyl phosphoramidate (7) would
be anticipated to be amongst the most optimal of structures.

Surprisingly, it has now been found that other derivatives
of oxyamino acid-phosphoramidate nucleoside analogues
are significantly more potent 1n the treatment of cancer than
the phenyl methoxyalaninyl phosphoramidate (7).

According to a first aspect of the present invention there
1s provided a compound of formula I:

1" i
R—O—C%T—I"—O
RH T 0O Q <
AI/ Y

wherein:

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 which they are attached, a cyclic system;

O

Q 1s selected from the group comprising and

—CH,—;
X and Y are mdependently selected from the group com-
prising H, F, Cl, Br, I, OH and methyl (—CH,);
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4

Ar 1s a monocyclic aromatic ring moiety or a fused bicyclic
aromatic ring moiety, either of which ring moieties 1s
carbocyclic or heterocyclic and 1s optionally substituted;

7. 1s selected from the group comprising H, alkyl and
halogen; and

nis 0 or 1,

wherein
whenn1s 0, Z'1s —NH, and a double bond exists between

position 3 and position 4, and
when n 1s 1, Z' 1s —0:;

or a pharmaceutically acceptable dernivative or metabolite of
a compound of formula I;

with the proviso that whenn 1s 1, X and Y are both H, R 1s
methyl (—CH,), one of R' and R" 1s H and one of R' and
R" 1s methyl (—CH,), then Ar 1s not phenyl (—C Hx).
By “a pharmaceutically acceptable derivative” 1s meant

any pharmaceutically acceptable salt, ester or salt of such

ester or any other compound which upon admimistration to

a recipient 1s capable of providing (directly or indirectly) a

compound of formula (I).

Suitably, except where R 1s 2-Bu (—CH,—CH(CH,),)
and one of R' and R" 1s H and one of R' and R" 1s methyl

(—CH;), whenn1s 1 and X and Y are both H, then Ar 1s not

unsubstituted phenyl (—C Hx).
By “pharmaceutically acceptable metabolite” 1s meant a

metabolite or residue of a

(1)

= I
R—O—C+T—T—O
R” H  OH

compound of formula (I) which gives rise 1n use to a

compound of formula (II):

wheremn n, Q, R, R', R", X, Y, Z and 7' have the meanings
described above and below for formula I, and additionally R
can be H, with the proviso that whenni1s 1, X and Y are both
H, R 1s methyl (—CH,), one of R' and R" 1s H and one of
R' and R" 1s methyl (—CH,), then Z 1s not —CH—CHBr.

Suitably, with respect to compounds of formula II, when
n 1s 1 and Z either 1s or 1s not —CH—CHBr, the moiety
ROCOCR'R"NH— corresponds neither to alanine (1e as
above, R 1s not methyl (—CH,), one of R"' and R" 1s not H
and one of R' and R" 1s not methyl (——CH,)) nor to
tryptophan (1e a-amino-pB-indolylpropionic acid).

More suitably with respect to compounds of formula II,
when n 1s 1 and Z either 1s or 1s not —CH—CHBr, the
moiety ROCOR'R"NH 1s neither derived from nor corre-
sponds to any naturally occurring amino acid.

Even more suitably, with respect to compounds of for-
mula II, when n 1s 1 or 0, the moiety ROCOCR'R"NH—
does not correspond to alanine (1e R 1s not methyl (—CH,),
one of R' and R" 1s 1s not H and one of R' and R" 1s not
methyl (—CH,)), does not preferably correspond to trypto-
phan, and even more preferably the said moiety does not
correspond to any naturally occurring amino acid.
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Most preferably the moiety ROCOCR'R"NH— 1n com-
pounds of formula II corresponds to a non-naturally occur-
ring amino acid.

Reference 1n the present specification to an alkyl group
means a branched or unbranched, cyclic or acyclic, saturated
or unsaturated (e.g. alkenyl or alkynyl) hydrocarbyl radical.
Where cyclic, the alkylene group 1s preferably C; to C,,,
more preferably C. to C,,, more preferably C; to C,. Where
acyclic, the alkyl group i1s preterably C, to C,,, more
preferably C, to C..

Reference 1n the present specification to an aryl group
means an aromatic group containing S5 to 14 ring atoms, for
example phenyl or naphthyl. The aromatic group may be a
heteroaromatic group contaiming 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, furanyl and
thiophenyl. Preferably, the aryl group comprises phenyl or
substituted phenyl.

The alkyl and aryl groups may be substituted or unsub-
stituted. Where substituted, there will generally be one to
three substituents present, preferably one substituent. Sub-
stituents may include halogen atoms, by which 1s meant F,
Cl, Br and I atoms, and halomethyl groups such as CF; and
CCl;; oxygen contaiming groups such as oxo, hydroxy,
carboxy, carboxyC,_, calkyl, alkoxy, alkoyl, alkoyloxy, ary-
loxy, aryloyl and aryloyloxy; nitrogen containing groups
such as amino, C,_calkylamino, diC,_calkylamino, cyano,
azide and mitro; sulphur containing groups such as thiol,
C, calkylthiol, sulphonyl and sulphoxide; heterocyclic
groups which may themselves be substituted; alkyl groups
as defined above, which may themselves be substituted; and
aryl groups as defined above, which may themselves be
substituted, such as phenyl and substituted phenyl. Substitu-
ents on said heterocyclic, alkyl and aryl groups are as
defined immediately above.

Reference 1n the present specification to alkoxy and
aryloxy groups means, respectively, alkyl-O— (for example
where alkyl 1s C, to C,4, preferably C, to C,) and aryl-O
(for example where aryl 1s 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 1s phenyl).

Reference in the present specification to alkoyl and ary-
loyl groups means, respectively, alkyl-CO— (for example
where alkyl 1s C, to C, ., preferably C, to C,) and aryl-CO—
(for example where aryl 1s 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 1s phenyl).

Reference 1n the present specification to alkoyloxy and
aryloyloxy means, respectively, alkyl-CO—O (for example
where alkyl 1s C; to C,, preferably C, to C;) and aryl-
CO—O (for example where aryl 1s a 5 to 14 membered
mono- or bifused aromatic ring system, optionally contain-
ing 1, 2, 3 or 4 heteroatoms selected, independently, from O,
S and N, preferably aryl 1s phenyl).

Reference 1n the present specification to heterocyclic
groups means groups containing one or more, pyrrolyl,
imidazolyl, pyraziolyl, thiazolyl, 1sothiazolyl, oxazolyl, pyr-
rolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazo-
lidinyl, tetrahydrofuranyl, pyranyl, pyronly, pyridyl, pyrazi-
nyl, pyndazinyl, piperidyl, piperazinyl, morpholinyl,
thionaphthyl, benzofuranyl, 1sobenzofuryl, imndolyl, oxyin-
dolyl, 1soindolyl, mndazolyl, indolinyl, 7-azaindolyl, isoin-
dazolyl, benzopyranyl, coumarinyl, 1socoumarinyl, qui-
nolyl, 1soquinolyl, naphthridinyl, cinnolinyl, qunazolinyl,
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6

pyridopyridyl, benzoxazinyl, quinoxadinyl,
chromanyl, isochromanyl and carbolinyl.

The group Ar comprises a substituted or unsubstituted
aryl group, wherein the term “aryl group™ and the possible
substitution of said group 1s as defined herein. Preferably, Ar
1s a substituted or unsubstituted phenyl group. Particularly
preferred substituents are electron withdrawing groups such
as halogen (preferably chlorine or fluorine), trihalomethyl
(preferably trifluoromethyl), cyano and nitro groups. For
example, Ar can be phenyl, 3,35-dichloro-phenyl, p-trifluo-
romethyl-phenyl, p-cyano-phenyl, or p-nitro-phenyl. When
Ar 1s a heteroaromatic group, preferably 1t 1s optionally
substituted pyridyl.

Suitably, R 1s a C, _,, primary or secondary alkyl group, a
C._~, carbocyclic aryl group or a C,_salkylC._,,aryl group.
More suitably, R 1s a C,_,, alkyl group, a phenyl group or
C,_5 alkylC._, aryl group. Preferably R 1s unsubstituted.

Preferably, R 1s methyl (—CH,), ethyl (—C,H.), n- or
i-propyl (—C,H-), n- or 1-butyl (—C,H;) or benzyl
(—CH,CH:). Most preferably, R 1s benzyl. Particularly, R
1s preferably benzyl when one of R' and R" 1s H and one of
R' and R" 1s methyl (—CH,), especially when Ar 1s unsub-
stituted phenyl, n 1s 0 and each of X and Y 1s F.

Suitably, R' and R" are each independently selected from
the group comprising H, C,_. primary, secondary or tertiary
alkyl, C,_jalkylC._ -aryl, or, when together they form an
alkylene chain, they provide, together the C atom to which
they are attached, a C,_, carbocyclic aliphatic ring.

Preferably, R' and R" are the same and are alkyl, more
preferably they are both methyl, ethyl or n- or 1-propyl.

Alternatively, preferably, R' and R" are, independently, H,
methyl (—CH,), secondary butyl (—CH,—CH—(CH,),),
benzyl (—CH,C.H.), or, together with the C atom to which
they are attached, provide a C._ ring.

Preferred compounds include those where R' and R" are
both methyl, one of R' and R" 1s H and one of R" and R" 1s
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 attached 1s chiral. The present compounds can be L or D
or a mixture of stereoiosomers. Preferably they are L.

It will be appreciated that the moiety —O—C(O)—
CR'R"—NH— corresponds to a carboxy-protected c.-amino
acid. R' and R" can thus correspond to the side chains of a
naturally occurring amino acid.

For example, when one of R' and R" 1s H and one of R’
and R" 1s Me or PhCH,, the moiety corresponds to alanine
or phenylalanine, respectively.

Preferably, the stereochemistry at the asymmetric centre
—CR'R" corresponds to an L-amino acid. The stereochem-
1stry at the asymmetric centre —CR'R" can, however, cor-
respond to a D-amino acid. Alternatively, mixtures of of
compounds can be employed having asymmetric centres
corresponding to L. and D amino acids.

In the present specification by “naturally occurring amino
acid” we mean Alanine, Arginine, Asparagine, Aspartic
Acid, Cysteine, Cystine, Glycine, Glutamic Acid, Gluta-
mine, Histidine, Hydroxylysine, Hydroxyproline, Isoleu-
cine, Leucine, Lysine, Methionine, Phenylalanine, Proline,
Serine, Threonine, Tryptophan, Tyrosine and Valine.

The present mvention 1s not, however, limited to com-
pounds having a moiety corresponding to a naturally occur-
ring amino acid. The present invention specifically includes
compounds having a moiety which corresponds to a non-
naturally occurring amino acid, such as, for example, those
where R'—R"=alkyl, or, where together with the C atom to
which they are attached, R' and R" provide a cyclic moiety.

chromenyl,
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Preferably with respect to the compound of formula I, the
moilety ROCOCR'R"NH— corresponds to or 1s derived
from a non-naturally occurring amino acid.

With respect to compounds of formula I when n 1s 1, the
moiety ROCOCR'R"NH— preferably neither corresponds
to nor 1s derived from alanine, more preferably neither
corresponds to nor i1s derived from either of alanine or
tryptophan, even more preferably neither corresponds to nor
1s derived from any naturally occurring amino acid.

With respect to compounds of formula I when n 1s 0, the
moiety ROCOCR'R"NH— preferably neither corresponds
to nor 1s derived from alanine, more preferably neither
corresponds to nor 1s derived from either of alanine or
trytophan, even more pretferably neither corresponds to nor
1s derived from any naturally occurring amino acid.

Preferably Q 1s O

Preferably, X and Y are, independently, selected from the
group comprising F, H and OH.

When n 1s 1, preferably each of X and Y 1s H.

When n 15 O, preferably each of X and Y 1s F, or X 1s OH
and Y 1s H, or X 1s H and Y 1s OH.

When Z1s F, Q1s O, n1s 1 and X and Y are each H, the
base moiety of the compound of formula I corresponds to
that of fluorodeoxyuridine 1.e. compound (1) above.

When Z1s H, Q1s O, n1s 0 and X 1s OH and Y 1s H, the
base moiety of the compound of formula I corresponds to
that of cytarabine 1.e. compound (2) above.

When Z 1s H, Q1s O, n1s O and X and Y are each F, the
base moiety of the compound of formula I corresponds to
that of gemcitabine 1.e. compound (3) above.

When Z1s H, Q1s O, n1s O and X 1s H and Y 1s OH, the
base moiety of the compound of formula I corresponds to
that of cytidine.

Compounds of formula I whereinn 1s 0 and X and Y are
F are preferred. Particularly preferred are compounds of
formula I wheremni1s 0, X and Y are F, Q 1s O and 7 1s H,
corresponding to phosphoramidated gemcitabine.

Also preferred are compounds of formula I wherein n 1s
0 and X 1s OH and Y 1s H. Particularly preferred are
compounds of formula I wheremn n 1s 0, X 1s OH, Y 1s H, Q
1s O and Z 1s H, corresponding to phosphoramidated cyt-
arabine.

Also preferred are compounds of formula I wherein n 1s
0 and X 1s H and Y 1s OH. Particularly preferred are
compounds of formula I wheremnn1s 0, X 1s H, Y 1s OH,
1s O and Z 1s H, corresponding to phosphoramidated cyti-
dine.

Suitably, Ar 1s a 5 to 14 membered aromatic ring moiety.
The one or two rings may include 1, 2, 3 or 4 heteroatoms,
preferably 1, selected, independently, from O, S and N.

Preferably, Ar 1s a carbomonocyclic aromatic ring moiety.
More preferably, Ar 1s a C, monocyclic aromatic ring
moiety, 1e 1s optionally substituted phenyl.

One, two, three or four substituents, which may be the
same or different, may be present on Ar and are selected
from the group comprising halogen, which may —F, —Cl,
—Br or —I; —NO,; —NH,; optionally substituted

—C, _salkyl; optlonally substituted —C, _jalkoxy, preferably
methoxy (—OCH,); optionally substituted —SC, _jalkyl;
—CN; optionally substituted —COC, _;alkyl; and optionally
substituted —CO.,C, _jalkyl. The optional substitutents are
one or more up to six, preferably three, members selected
from the group comprising 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 1s C, 1€ phenyl, a single

5

10

15

20

25

30

35

40

45

50

55

60

65

8

substituent at the 2 (ortho) or 4 (para) position 1s preferred.
Where Ar 1s phenyl, a single substituent at the 4 position 1s
more preferred.

Preferably, Ar 1s an optionally substituted phenyl moiety.
More preferably, Ar 1s selected form the group comprising:
Ph—, pCF,C.H,—, pFC.H,—, pNO,C.H,—, pCIC.H,—
and oCIC H,—

Suitably, Z 1s selected from the group comprising H, C,
alkyl, substituted C,_ alkyl, C,_, alkenyl, substituted C,
alkenyl, C,_ alkynyl, substituted C, _, alkynyl and halogen,
where halogen 1s F, Cl, Br or 1. Substituents that may be
present on the alkenyl or alkynyl moiety are selected from
the group comprising F, Cl, Br, I, and —CO,Me. One, two
or three substituents may be present. The alkenyl and
alkynyl groups may contain one or more sites of unsatura-
tion.

Where Z 1s substituted alkenyl or alkynyl, the substituent
1s preferably on the terminal C atom.

Preferably Z 1s selected from the group comprising H, F,
optionally substituted C,_.alkyl particularly Me (—CH,),
optionally substituted C,_.alkenyl and optionally substituted
C,_salkynyl, the optional substituents being as recited imme-
diately above.

Whennis 1, Z'1s O, Q 1s O and X and Y are each H,
preferably Z 1s a substituted C, alkenyl (1.e. ethenyl or vinyl)
moiety (—CH—CH—); more preferably, 7 1s bromovinyl
(—CH—CHBr) or methylpropenoate (—CH—CHCO,Me);
and most preferably, Z 1s —CH—CHBr.

With respect to compounds of formula II, preferably when
nis 1 and X and Y are both H, then Z 1s not F.

With respect to compounds of formula II, when n 1s O,
preferably X 1s not H and Y 1s not OH, more preferably X
1s OH and Y 1s H or X and Y are both F.

With respect to compounds of formula II, when n 1s 0, X
1s OH and Y 1s H, preferably neither R' nor R" 1s phenyl-
methyl (1e benzyl) or 3-methylindolyl (1e 3-CH,indolyl).

Surprisingly, modifying the ester moiety in compound (/)
has been found to show a marked increase 1n potency with
respect to cancer cell lines. A preferred compound embody-
ing the present invention 1s the benzyl ester (8). It has
surprisingly been found that the benzyl ester (8) 1s very
significantly more potent against several cancer cell lines
than the methyl ester (7):

O )\ ‘
| O N

j.r—O C CH—N—Il’—O
d

Compound (8) inhibits the growth of colon cancer cell
line HT115 by 50% at 1.4 uM, whilst (7) requires a con-
centration of 244 uM; (8) 1s thus 174 times more potent.
Compound (8) 1s 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 based on the prior art. Thus, comparing the
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equivalent phosphoramidates of d4T reveals a ca 4-fold
potency boost of (10) over (9) [McGuigan et al, AVCC,

1998, 9, 473-9].

()

O
1
O Me O )\
A o
Me O C CH—T f" O
g b/

(10)

O M

e O )\ ‘
[— | 07" °N
O—C—CH—T—I"—O

Lol | _...oJ

e

This would 1mply that the benzyl phosphoramidate motif
in (10) 1s ca 4-fold more eflicient at the intracellular delivery
of the bio-active free phosphate forms of d4T than is the
methyl ester (9). A person skilled 1n the art would anticipate
a similar degree of enhancement for the benzyl phospho-
ramidate of BVDU (8) over the methyl ester (7) whilst we
observed an almost 200-fold enhancement for colon cancer
as noted above.

Surprising eflicacy of modifications in the amino acid and
aryl moieties of the BVDU phosporamidate has also been
found 1n compounds embodying the present invention.

Thus, compound (11) has simultaneous modification in
these two regions, being the p-trifluoromethylphenyl benzyl
|, a-dimethylglycinyl [phosphoramidate.

O Br
HN ‘
OME O )\
| | O N
O—C N—P—O
W PO
OH
F;C

Compound 11 shows high potency against a range of
cancer cell types and 1s significantly and surprisingly more
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potent than (7). Thus, for breast cancer (11) 1s 60-fold more
active (1.3 uM vs 79 uM), and for prostate cancer (11) 1s

254-1old more potent (0.61 uM vs. 155 uM). Against colon
cancer, (11) 1s 35-fold more potent (7 uM vs 244 uM).

Again, the degree of enhancement of the analogue (11) vs.
(7) 1s 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.

(12)

O Me O )’\ ‘
[ | 07 °N

Me—O—C N—P—O
Me IlI (‘j I(O
(13)
0
1 |
O Me 0 2\
|| | O N
Me—0—C—C—N—P—0
» P_O7/
H /o

Thus 50% eflective doses vs HIV-1 for (9), (12) and (13)

are: 0.075, 0.29, and 0.01 uM respectively; within experi-
mental error, (12) and (13) are 1dentical 1n potency to (9).
Thus a person skilled 1n the art would have predicted that
(11) would show little enhancement over (7) as opposed to
the 35 to 254-fold enhancements noted above.

Thus, compounds embodying the present invention and
having variations in one or more of the ester (R), amino acid
(R', R") and aryl (Ar) region of the phosphoramidate struc-
ture compared to phenyl methoxyalaninyl phosphoramidate
can give surprising and substantial potency boosts of pro-
tides derived from BVDU against a range of cancer cell
types.

According to a further aspect of the present invention
there 1s provided a compound having formula I according to
the present invention for use 1n a method of treatment,
preferably in the prophylaxis or treatment of cancer.

According to a further aspect of the present immvention
there 1s provided a method of phrophylaxis or treatment of
cancer comprising administration to a patient in need of such
treatment an eflective dose of a compound having formula
I according to the present invention.

According to a further aspect of the present mmvention
there 1s provided use of a compound having formula I of the
present invention in the manufacture of a medicament for
use 1n the treatment or prophylaxis of cancer.
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According to a further aspect of the present mvention
there 1s provided a pharmaceutical composition comprising,
a compound having formula I of the present invention 1n
combination with a pharmaceutically acceptable excipient,
carrier or diluent.

According to a further aspect of the present invention
there 1s provided a method of preparing a pharmaceutical
composition comprising the step of combining a compound
having formula I of the present invention with a pharma-
ceutically acceptable excipient, carrier or diluent.

The present invention 1s particularly applicable for the
treatment ol a patient having breast cancer, colon cancer or

prostate cancer. Examples of such cancers include breast
MDA MB231, colon HT115 and prostate PC-3.

The compound having formula I or pharmaceutical com-
position according to the present invention can be adminis-
tered 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 parenteral routes, including
intravenous, intramuscular, intraperitoneal, subcutaneous,
transdermal, airway (aerosol), rectal, vaginal and topical
(including buccal and sublingual) administration.

For oral administration, the compounds of the invention
will generally be provided in the form of tablets or capsules,
as a powder or granules, or as an aqueous solution or
suspension.

Tablets for oral use may include the active ingredient
mixed with pharmaceutically acceptable excipients such as
iert diluents, disintegrating agents, binding agents, lubri-
cating agents, sweetening agents, flavouring agents, colour-
ing agents and preservatives. Suitable mert diluents 1include
sodium and calcium carbonate, sodium and calcium phos-
phate, and lactose, while cornstarch and alginic acid are
suitable disintegrating agents. Binding agents may include
starch and gelatin, while the lubricating agent, 11 present,
will generally be magnesium stearate, stearic acid or talc. It
desired, the tablets may be coated with a material such as
glyceryl monostearate or glyceryl distearate, to delay
absorption 1n the gastrointestinal tract.

Capsules for oral use include hard gelatin capsules in
which the active ingredient 1s mixed with a solid diluent, and
solt gelatin capsules wherein the active ingredient 1s mixed
with water or an o1l such as peanut oil, liquid parathn or
olive oil.

Formulations for rectal administration may be presented
as a suppository with a suitable base comprising for example
cocoa butter or a salicylate.

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 gen-
crally be provided 1n sterile aqueous solutions or suspen-
s10ns, builered to an appropriate pH and 1sotonicity. Suitable
aqueous vehicles include Ringer’s solution and isotonic
sodium chloride. Aqueous suspensions according to the
invention may include suspending agents such as cellulose
derivatives, sodium alginate, polyvinyl-pyrrolidone and
gum tragacanth, and a wetting agent such as lecithin. Suit-
able preservatives for aqueous suspensions include ethyl and
n-propyl p-hydroxybenzoate.

The compounds of the invention may also be presented as
liposome formulations.
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In general a suitable dose will be 1n the range 01 0.1 to 300
mg per kilogram body weight of the recipient per day. A
preferred lower dose 1s 0.5 mg per kilogram body weight of

recipient per day, a more preferred lower dose 1s 6 mg per
kilogram body weight of recipient per day, an even more
preferred lower dose 1s 10 mg per kilogram body weight per
recipient per day. A suitable dose 1s preferably in the range
of 6 to 150 mg per kilogram body weight per day, and most
preferably 1n the range of 15 to 100 mg per kilogram body
weight per day. The desired dose 1s 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 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 mvention

there 1s provided a process for the preparation of a com-
pound having formula I according to the present invention,
the process 30 comprising reacting of a compound of

tormula (I1I):

(I11)

(IV)

O R O
R—O—H%N—g—(ﬂ

R }‘1 0

Ar

wherein Ar,n Q, R, R', R", X, Y, 7' and Z have the meanings
described above with respect to formula (I).

Embodiments of the present invention will now be
described, by way of example only, with reference to the
following examples, experimental procedures and experi-
mental data.

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

General Methods

The following anhydrous solvents and reagents were

bought from Aldrich with sure stopper: dichloromethane
(DCM), diethyl ether (Et,0), tetrahydrofuran THEF),

N-methylimidazole (INMI), methanol (MeOH), dimethylior-
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mamide (DMF), 1.4-dioxane. tricthylamine was dried on
molecular sieves of 4 Angstrom.
Thin Layer Chromatography

Thin layer chromatography (TLC) was performed on
commercially available Merck Kieselgel 60 F, ., plates and
separated components were visualized using ultraviolet light
(254 nm and 366 nm).
Column Chromatography

Columns were performed using (Kieselgel 60, 35-70 um,
Fluka) as the stationary phase. Samples were applied as a
concentrated solution 1n the same eluent, or pre-adsorbed
onto silica gel.
NMR Spectroscopy

'H, °C and *'P-NMR were recorded on a Bruker Avance

DPX300 spectrometer with operating frequencies of 300
MHz, 75 MHz and 121 MHz respectively. °'P-NMR spectra
are reported 1n units of o relative to 85% phosphoric acid as
external standard, positive shiits are downfield. The follow-
ing abbreviations are used in the assignment of NMR
signals: s (singlet), d (doublet), t (triplet), g (quartet), m
(multiplet), bs (broad signal), dd (doublet of doublet), dt
(doublet of triplet). Starred signal signal are splitted due to
stereo1lsomeric mixtures.

Standard Procedures

For practical purposes, standard procedures are given
where applicable.

Standard Procedure 1: Synthesis of Amino Ester Hydrochlo-
ride Salts.

To a stirring solution of anhydrous alcohol (10 mol eq.)
was added thionyl chloride (2 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/
cther gave the amino ester hydrochloride salts.

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 eqg.) and anhydrous benzyl alcohol
(4.1 mol eq.) were heated at reflux 1n toluene (10 mol eq.)
with Dean-Stark trap for 24 hrs. On cooling to room
temperature, Et,O was added and the mixture was left 1n 1ce

bath for 1 hr then filtrated and washed with Et,O. The solid
was dissolved in DCM and washed with 10% K,CO; and
water. The organic layer was dried over MgSQO,,, filtered and
the solvent removed under reduced pressure to give an oil.
This was solubilized 1n acetone and neutralized with 1 M
HCI. Et,O was added and the solid was filtered and washed
with Et,O to give a white solid.

Standard Procedure 3: Synthesis of Phosphorodichlor-
date Species.

Phosphorus oxychloride (1.0 mol eq.) and the appropniate
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 ofl, and the filtrate reduced to dryness to give the
crude product as a clear liguid.

Standard Procedure 4: Synthesis of Phosphochloridate
Species.

Phosphodichloridate (1.0 mol eq.) and the appropnate
amino ester hydrochloric salt (1.0 mol eq.) were suspended
in anhydrous DCM. Anhydrous triethylamine was added
dropwise at —80° C. and after 1 hr the reaction was letit to
rise to room temperature. The formation of phosphochlori-
date was monitored by >'P-NMR. After 2-5 hrs the solvent

was removed under reduced pressure and the solid obtained
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washed with anhydrous ether (2x20 ml), filtered, and the
filtrate reduced to dryness to give the products as crude oil.
These oi1ls were usually used without further purification.

Standard Procedure 5: Synthesis of Phosphoroamidate
Derivatives.

To a stirring solution of (E)-5-(2-bromovinyl)-2'-deoxyu-
ridine (1.0 mol eq.) and the appropriate phosphochloridate
(2.0-3.0 mol eq) 1n 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 2-19 hrs. The solvent was removed
under reduced pressure and the yellow oil obtained was
dissolved in DCM, washed with 0.5 M HCI, and water. The
organic layer 1s dried over MgSO,, filtered, reduced to
dryness and purified by flash chromatography (Chloroform/
Methanol 97/3, Dichloromethane/Methanol 97/3).

Synthesis of Methyl-1-amino-1-cyclopentanoate
hydrochloride salt

C.H,.CINO,, MW=179.68.

CO->Me
NH,, HCI

This was synthesised according to Standard Procedure 1,
using 1-amino-1-cyclopentanecarboxylic acid (3.876 g, 30
mmol) with thionyl chlonde (4.44 mlL, 45 mmol,) and
anhydrous methanol (15.5 mL). The product was 1solated as

a white solid (4.81 g, vield 89%).

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

C-NMR (CDCl,; 75 MHz): § 26.6 (2CH,, cyclopent),
38.1 (2CH, cyclopent), 54.8 (CH,0), 66.6 (Cq cyclopen-
tane), 174.1 (COOMe).

Ethyl-1-amino-1-cyclopentanoate
hydrochloride salt

Synthesis of

C.H,.CINO,, MW=193.71.

CO,Ft
NH,, HCI
This was synthesised according to Standard Procedure 1,
using 1-amino-1-cyclopentanecarboxylic acid (5.0 g, 38.6
mmol) with thionyl chlonde (5.72 mL, 38 mmol) and

anhydrous ethanol (29 mL). The product was 1solated as a
white solid (6.98 g, yield 93%).

"H-NMR (CDCl,; 300 MHz): & 9.0 (3H, bs, NH,*Cl"),
4.3 (2H, q, °J=8, OCH,CH,), 2.3-2.2 (4H, m, 4H cyclopen-
tane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H cyclo-
pentane), 1.4 (3H, t, °J=8, OCH,CH.,).

C-NMR (CDCl,; 75 MHz): & 14.5 (CH,CH,), 25.8
(2CH, cyclopent), 37.4 (2CH, cyclopent), 63.0 (CH,CH,),
66.2 (Cq cyclopentane), 172.1 (COOEL).
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Synthesis of Benzyl-1-amino-1-cyclopentanoate
hydrochloride salt

C,.H,,CINO,, MW=255.78.

CO,Bn
NH,, HCI
This was synthesised according to Standard Procedure 2,

using 1-amino-1-cyclopentanecarboxylic acid (3.682 g, 28.5

mmol) with p-toluene sulfonic acid monohydrate (5.625 g,
29.55 mmol) and anhydrous benzylic alcohol (12 mL, 116

mmol), i Toluene (20 mL). The product was isolated as a
white solid (6.441 g, vyield 88.5%) Hydrochlonde salt.
'H-NMR (CDCl,; 300 MHz): 6 9.05 (3H, bs, NH,*CI"),
7.4-7.25 (5H, m, Ph), 5.15 (2H, s, CH,Ph), 2.3 (4H, m, 4H
cyclopentane), 2.15 (2H, 2H cyclopentane), 1.95 (2H, m, 2H
cyclopentane).

SC-NMR (CDCl,; 75 MHz): & 25.9 (2CH, cyclopent),
373 (2CH, cyclopent), 663 (Cg cyclopentane), 68.3
(CH,Ph), 129.2, 129.0, 128.8 (‘0o’, ‘m’, CH,Ph), 135.5 (*p’
CH,Ph), 172.1 LOOBn)

Synthesis of methyl-2-amino-2-methylpropanoate
hydrochloride salt

C.H,,CINO,, MW 153.61.

HCIH,N

O

This was synthesised according to Standard Procedure 1,
using 2-amino-isobutyric acid (5.102 g, 48.49 mmol) with
thionyl chloride (11.538 g, 96.98 mmol, 7.04 mL) and
anhydrous methanol (19.6 mL). The product was 1solated as
a white solid (6.636 g, yield 89.2%).

"H-NMR (CDCl,; 300 MHz): § 8.81 (3H, bs, NH,CI),
3.83 (3H, s, OCH,), 1.74 (6H, s, [CH4],C).

SC-NMR (CDCl,; 75 MHz): 8 24.1, 24.3 ([CH,].0).
57.9 (C[CH,],), 172.4 (COOCH,).

Synthesis of ethyl-2-amino-2-methylpropanoate
hydrochloride salt

C.H,.CINO,, MW 167.63.

O\/

HCIH,N

O

This was synthesised according to Standard Procedure 1,
using 2-amino-i1sobutyric acid (5.102 g, 48.49 mmol) with
thionyl chloride (11.772 g, 98.95 mmol, 7.2 mL) and anhy-
drous ethanol (29 mL). The product was 1solated as a white
solid (7.159 g, yield 86.3%).

"H-NMR (CDCl,; 300 MHz): 6 8.93 (3H, bs, NH,Cl), 4.3
(2H, q, °J=7.1 Hz, OCH,CH,), 1.75 (6H, s, [CH,],C), 1.33
(3H, t, °J=7.1 Hz, OCH,CH,).
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BC-NMR (CDCl,; 75 MHz): & 14.4 (CH,CH,0), 24.3
(ICH,1,C), 57.9 (CICH,l,), 63.1 (OCH,CH,), 171.6
(COOCH,CH,).

Synthesis of benzyl-2-amino-2-methylpropanoate
hydrochloride salt

C,,H, . CINO,, MW 229.70.

HCIH,N

This was synthesised according to Standard Procedure 2,
using 2-amino-1sobutyric acid (1.960 g, 19.00 mmol) with
p-toluene sulfonic acid monohydrate (3.750 g, 19.7 mmol)
and benzylic alcohol (8.360 g, 77.30 mmol, 8 mL), 1n
toluene (20 mL). The product was 1solated as a white solid
(2.556 g, yield 87.4%)

p-toluenesulfonate salt: 'H-NMR (CDCl,, 300 MHz): &
8.40 (3H, bs, NH,C1), 7.79 (2H, d, °J=8.0 Hz, ‘m’ p-TSA),
7.34 (5H, m, CH,Ph), 7.14 (2H, d, °J=8.0 Hz, ‘0’ p-TSA),
5.16 (2H, s, CH,Ph), 2.38 (3H, s, CH; p-TSA), 1.57 (6H, s,
[CH,],C)

C-NMR (CDCl,; 75 MHz): 8 21.8 (CH,, p-TSA), 23.9
(|CH;],C), 57.8 (C|CH,],), 68.3 (CH,Ph), 126.55, 128.5,
128. 8 129.0, 129.3 (CH Ph+p-TSA), 1354 (‘ipso’, CH,
Ph), 1408 (‘p’, p-TSA), 141.9 (‘ipso’, p-TSA), 171.9
(COOCH,Ph).

Hydrochloride salt: 'H-NMR (CDCl,; 300 MHz): § 9.10
(3H, bs, NH;Cl), 7.41-7.31 (5H, m, CH,Ph), 5.27 (2H, s,
CH,Ph), 1.77 (ICH,1,C).

PC-NMR (CDCl,; 75 MHz): 8 24.2 ([CH,],C), 58.0
(C[CHs]l,), 68.5 (CH,Ph), 128.62, 129.0, 129.1 (‘0o’, ‘m’,
p’, CH,Ph), 135.2 (“1pso’, CH,Ph), 171.8 (COOCH,Ph).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine

(E)-5-(2-Carbomethoxyvinyl)-2'-deoxyuridine

COOCH3

HO

OH

A mixture of PA(OAc), (0.316 g, 1.41 mmol), PPh, (0.741
g 2.82 mmol), and triethylamine (4.9 mL) 1n 1,4-dioxane

(50 mL) was stirred at 70° C. until an 1intense red colour had
developed. To this 3-10do-2'-deoxyuridine (10 g, 28.24

mmol) and methylacrilate (4.862 g, 56.48 mmol, 3.1 mL) n
1,4-dioxane (20 mL) were added and the mixture stiffed at
refluxed for 30 mins. The reaction was filtered while still hot
and the 20 filtrate cooled over might at 4° C. The resulting
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pale yellow precipitate was filtered, washed with DCM and
dried 1n vacuo to give the product as white solid (6.2 g, yield

70.7%).

'H-NMR (DMSO-d,; 300 MHz) 8 11.64 (1H, bs, NH-3),
8.42 (1H, s, H-6), 7.37 (1H, d, 3J=15.8 Hz, H vinylic), 6.86
(1H, d, *J=15.8 Hz, H vinylic), 6.13 (1H, t, 3J=6.5 Hz, H-1),
5.27-5.20 (2H, 2bs, OH-3", OH-5", 4.27 (1H, m, H-3"), 3.81
(1H, m, H-4"), 3.68 (3H,s CH,), 3.60 (2H, m, H-5", 2.18
(2H, m, H-2".

BC.NMR (DMSO-d.; 75 MHz): & 40.4 (C-2", 51.6
(CH,), 66.7 (C-5"), 70.0 (C-3"), 85.2 (C-4"), 88.0 (C-1),
108.5 (C-5), 116.5 (C-5b), 138.5 (C-5a), 144.4 (C-6), 149.6,
162.1 (C-2, C-4),167.6 (COO).

(E-3-(2-Carboxyvinyl)-2'-deoxyuridine

O COOH

HO

OH

(E)-5-(2-carbomethoxyvinyl)-2'-deoxyunidine (6.0 g,
19.33 mmol) was dissolved 1n 300 mL of 1 M NaOH and the
mixture stirred at room temperature for 3 hrs, filtered and the
filtrate adjusted to pH 2 with 1M HCI. On cooling at 4° C.
a white precipitate formed. This was filtered ofl and washed
with cold water (2x20 ml) and acetone (2x20 mL) and dred
to give a white solid (4.441 g, vield 77.1%).

"H-NMR (DMSO-d; 300 MHz): & 12.18 (1H, bs, CO,H),
11.64 (1H, s, NH-3), 8.40 (1H, 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, °J=6.4 Hz, H-1"), 5.38-5.08 (2H, bs, OH-3', OH-5",
4.26 (1H, m, H-3"), 3.80 (1H, m H-4"), 3.64 (2H, m, H-3"),
2.18 (2H, m, H-2").

SC-NMR (DMSO-d.; 75 MHz): & 40.1 (C-2", 61.2
(C-5"), 70.1 (C-3"), 85.1 (C-4"), 88.0 (C-1"), 108.7 (C-3),
118.0 (C-5b), 137.9 (C-5a), 143.9 (C-6), 149.6, 162.1 (C-2,
C-4), 168.4 (COOH).

(E)-5-(2-bromovinyl)-2'-deoxyuridine

O Br

HO

OH

To a solution of (E)-5-(2-carboxyvinyl)-2'-deoxyuridine
(5.777 g, 19.37 mmol) 1n dimethylforamide (29 mL) was
added K,CO; (5.890 g, 42.61 mmol) and the suspension
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stirred at room temperature for 15 mins. A solution of
N-bromosuccinimide (3.655 g, 20.53 mmol) was added
dropwise over 30 mins at 20° C. The resulting suspension
was liltered and the solid washed with DMF. The combined
filtrate and washings were evaporated to dryness in vacuo
and the residue dissolved in MeOH. To this silica gel was
added and the suspension evaporated to dryness and the
solid applied to the top of chromatographic column. The
column was eluted with chloroform/methanol 92/8 to give a

white solid (3787 g, 71.9%). Crystallisation from water gave
a white powder.

'H-NMR (DMSO-d.; 300 MHz) § 11.59 (1H, bs, NH-3),
8.08 (1H, s, H-6), 7.25 (1H, d, 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"), 5.29 (1H,
bs, OH-3"), 5.13 (1H, bs, OH-5"), 4.24 (1H, m, H-3"), 3.79
(1H, m, H-4"), 3.66 (2H, m, H-5", 2.51 (1H, m, H-2"), 2.14
(1H, m, H-2".

BC.NMR (DMSO-d.; 75 MHz): & 402 (C-2), 61.3
(C-5), 70.3 (C-4"), 84.8 (C-3"), 87.8 (C-1"), 108.9 (C-5b),
110.0 (C-5), 130.3 (C-5a), 149.6, 162.1 (C-2, C4).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(methoxy-L-alaninyl)]-phosphate (CPF
1)

C,,H,.BrN,O,P, MW 574.32.

() Br
)J\ _/
HN ‘/
<_> (ﬁ O N/
O—P—0O
\_/ I :
MeO
\IK\CH3 OH

O

This was synthesised according to Standard procedure 3,
using BVdU (300 mg, 0.90 mmol), Phenyl-(methoxy-L-
alaninyl)-phosphorochloridate (472 mg, 1.7 mmol), NMI
(4.5 mmol, 378 ulL) mm THF (9 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 (356 mg, yield 69%).

*'P-NMR (CDCl,, 121 MHz): & 4.72, 4.40.

'H-NMR (CDCl,; 300 MHz): & 9.9 (1H, bs, H-3), 7.64
(1H, 2xs, H-6), 7.44-7.39 (1H, 2d, °J=14 Hz, H-5b), 7.37-
7.15 (5H, m, OPh), 6.75-6.67 (1H, 2d, °J=14 Hz, H-5a),
6.30-6.21 (1H, 2t, °J=6 Hz, H1"), 4.57-4.29 (3H, m, H-5'+
H-3"), 4.2-3.96 (3H, H-4', NH, CHala), 3.72 (3H, s, CH;0),
2.49-2.40 (1H, m, one of H-2"), 2.12-2.01 (1H, m, one of
H-2", 1.38 (3H, d, °J=7 Hz, CH, _, ).

3C-NMR (DMSO; 75 MHz): 8 22.4 (CH, _, ), 41.9, 41.8
(C-2"), 51.9 (CH[CH,]), 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 (‘0’, 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 (COOCH,).
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Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(ethoxy-L-alaninyl)]-phosphate(CPF 3)

C,,H, BrN,O.P, MW=588.34.

O Br

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), Phenyl-(ethoxy-L-alani-
nyl)-phosphorochloridate (249 mg, 0.9 mmol), NMI (2.8
mmol, 190 ul.) in THF (4 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 (145 mg, yield 355%).

*'P-NMR (CDCl,, 121 MHz): & 4.48, 4.86.

'"H-NMR (CDCl,, 300 MHz): & 7.65 (1H, 2xs, H-6),
7.44-7.39 (1H, 2d, °J=13 Hz, H-5b), 7.35-7.10 (5H, m, O
Ph), 6.78-6.65 (1H, 2d, °J=13 Hz, H-5a), 6.35-6.25 (1H, 2t,
°J=6 Hz, H1"), 4.62-3.95 (8H, m, H-5', H-3', H-4', CHala,
NH, CH,CH,O), 2.49-2.40 (1H, m, one of H-2'), 2.10-2.00
(1H, m, one of H-2"), 1.40 (3H, d, °J=7 Hz, CH, ), 1.25
(3H, 2t, °J=7 Hz, CH,CH,0).

13C-NMR (CDCl;, 75 MHz): ¢ 14.5 (CH,CH,O) 21.2,
21.1 (CH,ala), 40.9, 40.7 (C-2"), 50.8, 50.7 (CHala), 62.2,
62.1 (CH,;CH,O), 66.5, 66.3 (C-5"), 70.9, 70.6 (C-3"), 86.0,
85.6 (C-1', C-4Y, 110.1 (C-5b), 111.8 (C-5), 120.6 (‘o’, O
Ph), 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,CH,).

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

C,-H,,BrN,O,P, MW=649.08.

O Br

BnO

O

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), Phenyl-(benzyloxy-L-
alaminyl)-phosphorochloridate (249 mg, 0.9 mmol), NMI
(2.8 mmol, 190 ulL) mn THF (5 mL) for 2 hrs. The crude
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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%).

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

"H-NMR (CDCl,, 300 MHz): 6 10.31 (1H, bs, H-3), 7.63
(1H, 2xs, H-6), 7.45-7.14 (11H, m, OPh+CH,Ph, H-3b),
6.75-6.66 (1H, 2d, °J=14 Hz, H-5a), 6.30-6.25 (1H, m,
H-1"), 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, one of H-2"), 2.02 (1H,
m, one of H-2"), 1.40 (3H, d, °J=7 Hz, CH,ala).

3C-NMR (CDCl,, 75 MHz): 8 20.7, 20.8 (CH,ala), 40.4
(C-2"), 50.4 (CHala), 66.0 (C-5") 67.4 (CH,Ph), 70.6 (C-3"),
85.4, 85.5, 85.6, 85.8 (C-1', C-4"), 109.9 (C-5b), 111.5
(C-5b), 120.2 (‘0’, OPh), 125.4 (‘p’, OPh), 128.5, 128.6,
129.9 (‘m’ OPh, Bn, C-5a), 135.1(‘ipso’, CH,Ph) 137.8
(C-6), 149.8 (C-4) 150.2 (‘ipso’, OPh), 161.8 (C-2), 173.6
(COOBD).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-tluorophenyl-(methoxy-L-alaninyl)]-phos-
phate (CPF 5)

C,,H,,BrFN,O,P, MW=592.31.

O Br

F4<_\ O (‘j O O)\N/
\ 7/

NH

MeO
WK\CHé

O

This was synthesised according to Standard procedure 3,
using BVdAU (200 mg, 0.60 mmol), para-fluorophenyl-
(methoxy-L-alaninyl)-phosphorochloridate (442 mg, 1.5
mmol), NMI (4.98 mmol, 332 ulL) in THF (3 mL) for 2 hrs.
The crude product was purified by column chromatography,

cluting with CH,Cl,/Methanol 97:3 to give the pure product

as a white foamy solid (177 mg, yield 50%).
121 MHz): o6 5.10, 4.81.

*'P-NMR (CDCl,,

'H-NMR (CDCl.; 300 MHz): § 10.1 (1H, bs, H-3), 7.60
(1H, 2xs, H-6), 7.39-7.32 (1H, 2d, *J=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, 2t, 3J=6 Hz, H1", 4.55-4.29 (3H, m, H-5'+
H-3", 4.15 (1H, NH), 4.05-3.85 (2H, H-4', CHala), 3.72
(3H, 2s, CH,0), 2.49-2.32 (1H, m, one of H-2"), 2.15-2.05
(1H, m, one of H-2", 1.35 (3H, 2d, 3J=6 Hz, CH, ).

3C.NMR (DMSO; 75 MHz): 8 21.2 (CH, ), 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’, O
Ph), 128.2 (C-5a), 138.2 (C-6), 149.0 (‘ipso’, OPh) 149.9
(C-4), 158.5 (‘p’, OPh), 163.2(C-2), 175.1 (COOCH,).
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Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-fluorophenyl-(ethoxy-IL-alaninyl)]-phos-
phate (CPF 6)

C,,H, .BrFFN,O,P, MW=606.33.

O Br

HN)J\/_/
ﬁ O)\N/‘

NH
EtO
\IK\CH
O

This was synthesised according to Standard procedure 5,
using BVdAU (200 mg, 0.60 mmol), para-fluorophenyl-
(ethoxy-L-alaninyl)-phosphorochloridate (464 mg, 1.5
mmol), NMI (4.98 mmol, 332 ulL) in THF (5 mL) for 2 hrs.
The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (240 mg, yield 66%).

*'P-NMR (CDCl,, 121 MHz): 8 5.14, 4.88.

"H-NMR (CDCl,, 300 MHz): 8 10.25 (1H, bs, H-3), 7.85
(1H, 2xs, H-6), 7.44-7.39 (1H, 2d, °J=14 Hz, H-5b), 7.3-7.0
(4H, m, OPh), 6.8-6.65 (1H, 2d, °J=14 Hz, H-5a), 6.35-6.25
(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, °J=8
Hz, CH, ), 1.25 (3H, 2t, °J=7 Hz, CH,CH,O).

13C-NMR (CDCl,, 75 MHz): o 14.5 (CH,CH,O) 21.3
(CHsala), 40.8, 40.7 (C-2"), 50.8, 50.7 (CHala), 62.3 (CH,
CH,0), 66.7, 66.3 (C-5"), 71.1, 70.7 (C-3"), 86.1, 85.8, 83.6,
85.4 (C-1', C-4"), 110.4 (C-3b), 111.9 (C-5), 117.0 (*o’, O
Ph), 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,CH,).

Synthesis of (E-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-fluorophenyl-(benzoxy-L-alaninyl)]-phos-
phate (CPF 7)

C,-H,.BrFN,O,P, MW=668.40.

O

F{\_/}O_LO

NH

BnO

O

OH

This was synthesised according to Standard procedure 5,
using BVdU (200 mg, 0.60 mmol), para-fluorophenyl-(ben-
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zyloxy-L-alaninyl)-phosphorochloridate (556 mg, 1.5
mmol), NMI (4.98 mmol, 332 ulL) in THF (3 mL) for 2 hrs.
The crude product was purified by column chromatography,

cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (256 mg, yield 64%).

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

'H-NMR (CDCl,, 300 MHz): & 7.69 (1H, 2xs, H-6),
7.45-7.39 (1H, 2d, 3J=14 Hz, H-5b), 7.37-7.00 (9H. m, O

Ph+CH,Ph), 6.75-6.65 (1H, 2d, >J=14 Hz, H-5a), 6.30-6.2

(1H, 2t, °J=6 Hz, H-1"), 5.2 (1H, 2s, CH,Ph), 4.85-4.00 (6H,
m, H-3', H-5',H-4', NH, CHala), 2.47 (1H, m, one of H-2'"),
2.0-2.15 (1H, m, one of H-2"), 1.38 (3H, d, °J=7 Hz,
CH,ala).

BC-NMR (CDCl,, 75 MHz): 8 21.2, 21.1 (CH,ala), 40.7
(C-2"), 50.4 (CHala), 66.7, 66.4 (C-5"), 67.8 (CH,Ph), 71.1,
70.7 (C-3"), 86.0, 85.7, 85.4, 85.3 (C-1', C-4"), 110.4 (C-5b),
111.9 (C-5), 117.0 (‘0’, OPh), 122.0 (‘m’, OPh), 128.7,
128.6 (Bn, C-5a), 135.4(‘ipso’, CH,Ph) 138.2 (C-6), 146.5
(‘ipso’, OPh), 149.9 (C-4), 158.5 (‘p’ OPh), 162.2 (C-2),
173.9 (COOBn).

Synthesis of (E)-5-(2-Bromovinyl)-2 '-deoxyuri-
dine-3'-[para-nitrophenyl-(methoxy-L-alaninyl)]-
phosphate (CPF 10)

C,,H,,BrN,O,,P, MW=619.31.

/Br
— O
O,N \ / O P O
NH O
MeO
‘K\HH###H\“HZILS OH

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), para-nitrophenyl-
(methoxy-L-alaninyl)-phosphorochloridate (483 mg, 1.5
mmol), NMI (4.98 mmol, 332 ul.) in THF (3 mL) for 2 hrs.
The crude product was purified by column chromatography,

cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (211 mg, yield 57%).

*'P-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, 7.55-7.4 (2H, m, OPh),

7.35-7.30 (1H, 2d, °J=14 Hz, H-5b), 6.80-6.70 (1H, 2d,
*J=14 Hz, H-5a), 6.30-6.2 (lH 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,
2s, CH,0), 2.35-2.15 (2H, n, 2 H-2"), 1.35 (3H, 2d, *J-7 Hz.
(:}13 afa)'

I3C-NMR (DMSO; 75 MHz): 8 20.9 (CH; _, ), 41.6, 41.5
(C-2"), 52.0, 51.9 (CH[CH,)), 53.4 (CH,0), 68.5 (C-5"),
72.4, 72.3 (C-3"), 87.7, 87.4, 87.0, 86.9 (C-1', C-4'), 109.8
(C-5b), 112.8 (C-5), 122.6 (‘0’, OPh), 127.1 (‘m’, OPh).
130.8 (C-5a), 140.3 (C-6), 146.5 (“ipso’, OPh), 151.4 (C-4),
157.2 (‘p’, OPh), 163.9 (C-2), 175.8, 175.5 (COOCH,).
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Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-nitrophenyl-(ethoxy-L-alaninyl)]-phosphate
(CPF 9)

C,,H,.BN,O, P, MW=633.34.

/Br
N O
< > |
O>N \ / O P QO
NI O
EtO

This was synthesised according to Standard procedure 5,
using BVdU (200 mg, 0.60 mmol), para-nitrophenyl-
(ethoxy-L-alaninyl)-phosphorochloridate (504 mg, 1.5
mmol), NMI (4.98 mmol, 332 ul.) in THF (5 mL) for 1 hr.
The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (232 mg, vield: 61%).

*'P-NMR (CDCl,, 121 MHz): 3 4.28.

"H-NMR (CDCl,, 300 MHz): & 10.25 (1H, bs, H-3),
8.25-8.2 (2H, 2d, °J=9 Hz OPh), 7.7 (1H, 2xs, H-6), 7.5-7.45
(2H, 2d, °J=9 Hz, OPh), 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, 2t, 3] 6 Hz,
H1"Y), 48-4.1 (7H, m, H-5', H-4'" H-3', CHala, NH,
CH;CH,0), 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, _, ), 1.3 (3H, 2t,
°]=7 Hz, CH,CH,O).

13C-NMR (CDCl;, 75 MHz): o 14.5 (CH;CH,0O) 21.1
(CHsala), 40.6 (C-2"), 50.8, 50.7 (CHala), 62.5 (CH,CH,0),
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 (‘o’, OPh),
126.1 (*‘m’, OPh), 128.8 (C-3a), 138.4 (C-6), 145.1 (‘1pso’,
OPh), 149.9 (C-4), 155.5 (*p’, OPh), 162.3 (C-2), 174.0,
173.9 (COOCH,CH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-nitrophenyl-(benzoxy-L-alaninyl)]-phos-
phate (CPF 8)

C,.H,.BN,O,, P, MW=695.41.
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This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), para-nitrophenyl-(ben-
zyloxy-L-alaninyl)-phosphorochloridate (397 mg, 1.5
mmol), NMI (4.98 mmol, 332 ul.) in THF (5 mL) for 2 hrs.
The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy sohd (228 mg, yield 55%).

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

'"H-NMR (CDCl,, 300 MHz): § 10.4-10.3 (1H, bs, H-3),
8.2-8.1 (2H, m, OPh), 7.69 (1H, 2xs, H-6), 7.4-7.2 (1H, 2d,
*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, 2t, °J=6 Hz,
H-1"), 5.2 (1H, d, CH,Ph), 4.87 (1H, m, H-3"), 4.6-4.2 (3H,
m, H-3', 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 of H-2"), 1.38 (3H, d,
*J=7 Hz, CH,ala).

C-NMR (CDCl,, 75 MHz): 4 21.2, 21.1 (CH,ala), 40.6
(C-2"), 50.9 (CHala), 67.1, 670 (C-5"), 68.0 (CH,Ph), 71.3,
70.9 (C-3"), 86.3, 86.0, 85.3, 85.2 (C-1', C-4"), 110.4 (C-5b),
111.9, 111.8 (C-5), 121.3 (*o’, OPh), 126.2-126.1 (‘m’, O
Ph), 129.1, 128.7, 128.6 (Bn, C-5a), 135.4 (‘ipso’, CH,Ph),
138.3 (C-6), 145.1 (‘ipso’, OPh), 149.9 (C4), 155.6 (*p’
OPh), 162.2 (C-2), 173.8,173.7 (COOBn).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[para-(trifluoromethyl)-phenyl-(methoxy-L-alani-
nyl)]-phosphate (CPF 15)

C,.H,,BrF,N.O,, MW=64231.

Fgc\_
\ /
o

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), phenyl-(methoxy-L-
alaminyl)-phosphorochlonidate (518.8 mg, 1.5 mmol), NMI
(246.3 mg, 3.0 mmol, 239 ul) in THF (5 mL) for 4 hrs. The
crude product was purified by column chromatography,
cluting with chloroform/methanol 97:3 to give the pure
product as a white foamy solid (211.1 mg, yield 54.7%).

*'P-NMR (MeOD, 121 MHz): & 5.23, 5.07.

'H-NMR (MeOD, 300 MHz): 8 7.80 (1H, s, H-6), 7.70
(2H, d, °J=8.7 Hz, OPh), 7.47-7.42 (2H, m, OPh), 7.37 (1H,
d, °J=13.6 Hz, H-5b), 6.82-6.78 (1H, d, 3J=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"), 4.05-3.91 (1H, m, CHCH,), 3.67
(3H, s, OCH;), 2.35-2.32 (1H, m, one of H-2"), 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, 20.7, 20.8, 20.9 (CH
CH,), 41.5, 41.7 (C-2"), 51.9, 52.0 (CHCH,), 68.2, 68.3
(C-5", 72.4,72.5 (C-3"), 87.1, 87.2, 87.4, 87.6 (C-1', C-4"),
109.77 (C-3b), 112.6 (C-5), 122.5, 122.7 (‘0’,, OPh), 125.8
(CF;, J=269 Hz), 128.7 (‘m’, OPh), 128.8 (*p’, I=33 Hz, O
Ph), 130.9 (C-3a), 140.3 (C-6), 151.4, 151.5 ( ipso’, OPh),
155.1, 155.2 (C-4), 164.0 (C-2), 175.6, 175.9, (COOCH,).
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Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[para-(tritfluoromethyl)-phenyl-ethoxy-I-alani-
nyl)]-phosphate (CPF 25)

C,,H, BrF,N,O,P, MW=656.34.

e

O

O O—P—O
NH
/\ )‘T
H

This was synthesised according to Standard procedure 5,
using BVdU (200 mg, 0.60 mmol), phenyl-(ethoxy-L-alani-
nyl)-phosphorochloridate (539.5 mg, 1.5 mmol), NMI
(246.3 mg, 3.0 mmol, 239 uL.) in THF (5 mL) for 20 hrs. The
crude product was purified by column chromatography,
cluting with dichloromethane/methanol 93:5 to give the pure
product as a white foamy solid (172.6 mg, yield 43.8%).

*'P-NMR (CDCl,, 121 MHz): 3 4.65, 4.35.

'"H-NMR (CDCl,, 300 MHz): & 10.05 (1H, s, H-3),
7.69-7.64 (3H, m, H-6+0Ph), 7.46-7.39 (3H, m, O
Ph+H-5b), 6.76-6.68 (1H, 2d, °J=13.6 Hz, H-5a), 6.34-6.25
(1H m, H-1"), 4.57-4.35 (4H, m, H-3'+H-5'+NH, 4.27-4.13
(4H, m, H-4'+OCH,CH,+OH-3"), 4.12-3.98 (1H m, C
HCH,), 2.53-2.47 (1H, m, one of H-2"), 2.21-2.12 (1H, m,
one of H-2"), 1.43-1.40 (3H, d, °J=7.0 Hz, CHCH,), 1.28,
1.27 (3H, 2t, °J=7.0 Hz, OCH,CH,)

SC-NMR (CDCl,, 75 MHz): § 14.5 (CH,CH,O), 21.2,
21.3 (CHCH,), 40.7 (C-2"), 50.8, 50.9 (CHCH,), 62.4 (CH,
CH,0), 66.3, 66.7 (C-5"), 70.7,71.1 (C-3"), 85.3, 85.4, 85 .8,
86.1 (C-1', C 41, 110.5 (C- Sb) 112.0 (C-3), 122 0 (‘0’ O
Ph), 124.2 (CF;, J=271 Hz), 127.7,127.8, 128.7 (‘m’, ‘p’, O
Ph), 128.8 (C-5a), 138.0 (C6), 149.7 (‘ipso’, OPh), 153.2
(C-4), 161.9 (C-2), 174.0, 174.1 (COOCH,CH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-trifluorophenyl-(benzoxy-L-alaninyl)]-phos-
phate (CPF 4)

C, H,.BrF,N,O,P, MW=718.41.

O

a %O—T—O

This was synthesised according to Standard procedure 5,
using BVdU (200 mg, 0.60 mmol), para-trifluorophenyl-
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(benzyloxy-L-alaninyl)-phosphorochloridate (632 mg, 1.5 5
mmol), NMI (4.98 mmol, 332 ulL) in THF (6 mL) for 2 hrs.

The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (308 mg, yield 71%).

*'P-NMR (CDCl,, 121 MHz): 8 5.31, 4.87.

"H-NMR (CDC1,, 300 MHz): 4 10.05 (1H, bs, H-3), 7.7,
7.25 (11H. m, H-5b, H-6 OPh+CH,Ph), 6.75-6.65 (1H, 2d,
J=14 Hz, H-5a), 6.35-6.2 (1H, 2t, °J=6 Hz, H-1"), 5.15 (1H,
2s, CH,Ph), 4.6-4.25 (4H, m, H-5', H-3', CHala) 4.2-4.00
(2H, m, H-4', NH,), 2.55-2.4 (1H, m, one of H-2"), 2.2-2.05
(1H, m, one ofH 2", 1.38 (3H, d, 3]—7 Hz, CH,ala).

13C.NMR (CDCl,, 75 MHz): § 21.2, 21.1 (CH,ala), 40.7
(C-2", 50.9, 50.8 (CHala), 67.1, 67.0 (C-5"), 68.0 (CH,Ph),
71.2, 70.9 (C-3"), 86.1, 85.8, 85.5, 85.4 (C-1', C-4'), 110.2
(C-5b), 111.9, 111.8 (C-5), 121.1 (*0’, OPh), 125.1 (d, J=270
Hz, CF,), 127.6 (‘m’, OPh), 129.1, 128.7, 128.6 (Bn, C-5a),
130.1 (p’,q, J=32 Hz, OPh) 135.4 (‘ipso’, CH,Ph) 138.2
(C-6), 150.2, 150.1 (C4), 153.6 (‘ipso’ OPh), 162.7 (C-2),
173.9, 173.6 (COOBn).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-chlorophenyl-(methoxy-L-alaninyl)]-phosphate
(CPF 13)

C,,H,,BrCIN,0,P, MW=608.76.

I \
O O P O /K
| N N ~y O
NH
\O H H
H H
OH H

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), 4-chlorophenyl-
(methoxy-L-alaninyl)-phosphorochloridate (374.5 mg, 1.2
mmol), NMI (246.3 mg, 3.0 mmol, 239 uL) in THF (8 mL)
for 5 hrs. The crude product was purified by column
chromatography, eluting with Chloroform/Methanol 97:3 to
give the pure product as a white foamy solid (139.0 mg,
yield 38.0%).

*'P-NMR (CDCl,, 121 MHz): § 4.81, 4.54.

'H-NMR (CDCl,, 300 MHz): 8 10.11 (1H, bs, H-3), 7.68
(1H, s, H-6), 7.46-7.40 (1H, d, *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 (5H, m, H-3'+H-5'+NH),
436-4.19 (1H, m, H-4"), 4.07-3.99 (1H, m, CHCH,), 3.75
(3H, s, OCH,), 2.49-2.48 (1H, m, one of H-2", 2.17-2.15
(1H, m, one of H-2"), 1.42-1.39 (3H, d, 3J=7.0 Hz, CHCH,).

13C-NMR (CDCl,, 75 MHz): § 21.2 (CHCH,), 40.7, 40.8
(C-2"), 50.6, 50.8 (CHCH,), 53.2, 53.3 (OCH,), 66.4, 66.7
(C-5"), 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 (‘0’, OPh), 128.9
(C-5a), 130.3 (‘m’, OPh), 131.1 (‘p’, OPh), 138.2 (C-6).
149.1. 149.2 (ipso’, OPh), 149.8 (C-4), 162.1, 162.2 (C-2),
174.5, 174.6 (COOCH.,).
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Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-chlorophenyl-(ethoxy-L-alaninyl)]-phosphate
(CPF 11)

C,,H,.BrN,O.P, Mw=622.79.

Cl

This was synthesised according to Standard procedure 5,
using BVdU (300 mg, 0.90 mmol), 4-chlorophenyl-(ethoxy-
L-alaninyl)-phosphorochloridate (357.7 mg, 1.71 mmol),
NMI (221.7 mg, 2.7 mmol, 215 uL) in THF (10 mL) for 16
hrs. The crude product was purified by column chromatog-
raphy, eluting with dichloromethane/methanol 97:3 to give
the pure product as a white foamy solid (168.4 mg, vield
30.0%).

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

'"H-NMR (CDCl,, 300 MHz): & 9.51 (1H, bs, H-3),
7.69-7.68 (1H, 2s, H-6), 7.49-7.43 (1H, 2d, °J=13.6 Hz,
H-5b), 7.37-7.22 (4H, m, OPh), 6.79-6.71 (1H, 2d, °J=13.6
Hz, H-5a), 6.33-6.24 (1H, m, H-1'), 4.62-4.34 (3H, m,
H-3'+H-5"), 4.28-3.89 (5H, m, H-4'+OCH,CH;+CHCH;+N
H), 2.59-2.45 (1H, m, one of H-2"), 2.22-2.14 (1H, m, one of
H-2"), 1.43-1.41 (3H, d, °J=7.0 Hz, CHCH,), 1.33-1.28 (3H,
2t, °J=7.2 Hz, OCH,CH,).

SC-NMR (CDCl,, 75 MHz): § 14.5 (CH,CH,0), 21.2,
21.3 (CHCH,), 40.7 (C-2"), 50.7, 50.8 (CHCH,), 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"), 1104 (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,CH,).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-chlorophenyl-(benzoxy-L-alaninyl)]-phosphate
(CPF 12)

C,,H,.BrN,O.P, MW=622.79.

Cl

This was synthesised according to Standard procedure 5,
using BVdAU (300 mg, 0.90 mmol), 4-chlorophenyl-(ben-
zoxy-L-alaninyl)-phosphorochloridate (698.7 mg, 1.80
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mmol), NMI (369.5 mg, 4.5 mmol, 358.7 uL.) in THF (10
mL) for 2 hrs. The crude product was purified by column

chromatography, eluting with dichloromethane/methanol

95:5 to give the pure product as a white foamy solid (310.0
mg, vield 50.3%).

*'P-NMR (CDCl,, 121 MHz): & 4.81, 4.53.

"H-NMR (CDCl,, 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, 2d, °J=13.6 Hz, H-5b), 7.40-7.17 (SH, m, OPh),
6.75-6.66 (1H, 2d, °J=13.6 Hz, H-5a), 6.33-6.23 (1H, 2t,
°J=6.0 Hz, H-1", 5.17 (2H, s, CH,Ph), 4.60-4.23 (4H, m,
H-3'+H-5'+NH), 4.20-3.97 (2H, m, H-4'+CHCH,), 2.48-
2.44 (1H, m, 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.,,).

BC.NMR (CDCl,, 75 MHz): & 21.2 (CHCH,), 40.7
(C-2"), 50.8, 50.9 (CHCH,), 66.6 (C-5"), 67.9 (CH,Ph), 70.7.
71.1 (C-3"), 85.4, 85.5, 85.8, 86.1 (C-1', C-4"), 110.5 (C-5b),
111.9, 112.0 (C-5), 122.0, (‘0’, OPh), 128.7, 129.0, 129.1,
130.3 (‘m’, OPh+C-5a), 131.1 (“ipso’, CH,Ph), 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)-5-(2-bromovinyl)2'-deoxyuridine-
S'-[phenyl-(methoxy-o,a-dimethylglycinyl)]-phos-
phate (CPF 26)

C,,H,.BrN,O,P, MW 588.34.

— Br\ 0O
\ / 0O NH
[ | /J\
0O O—P—O
| ™~ N N O
NH
\O I I
H H
OH H

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), phenyl-(methyl-2-
amino-2-methylpropanoate)-phosphorochlonidate  (437.5
mg, 1.5 mmol), NMI (246.3 mg, 3.0 mmol, 239.1 uL) in
THF (5 mL) for 4 hrs. The crude product was purified by
column chromatography, eluting with chloroform/methanol
9’7:3 to give the pure product as a white foamy solid (117

mg, vield 33.1%).
*'P-NMR (CDCl,, 121 MHz): § 3.36, 3.14

"H-NMR (CDCl,; 300 MHz): 4 9.91 (1H, bs, H-3), 7.73,
7.65 (1H, 2s, H-6), 7.50-7.43 (1H 24, °J=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, CH,0), 2.53-2.39 (1H, m,
one of H-2"), 2.25-1.99 (1H, m, one of H-2"), 1.60 (6H, s, [C
H3]2C)‘

BC.NMR (CDCl,; 75 MHz): & 27.5, 27.4, 27.2
([CH,],C), 40.7, 40.6 (C-2", 53.5 (CH,0), 57.6 (C[CH,].).
66.5, 66.2 (C-5M, 70.7, 71.1 (C-3"), 85.4, 85.6, 85.5, 85.9
(C-1', C-4"), 110.4 (C-5b), 111.9 (C-5), 120.5, 120.6 (‘0’, O
Ph), 125.7 (‘p’, OPh), 128.9 (C-5a), 130.3 (‘m’, OPh).
138.0, 138.3 (C-6), 149.8 (“ipso’, OPh) 150.9, 150.8 (C-4),
162.0, 162.1 (C-2), 176.4, 176.2 (COOCH.,).
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Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(ethoxy-a,a-dimethylglycinyl)]-phos-
phate (CPF 27)

C,.H,,BrN,O.P, MW=602.37

P NH

This was synthesised according to Standard procedure 5,
using BVdU (200 mg, 0.60 mmol), phenyl-(ethyl-2-amino-
2-methylpropanoate)-phosphorochloridate (438.0 mg, 1.5
mmol), NMI (246.3 mg, 3.0 mmol, 239.1 ul.) in THF (5 mL)
for 5 hrs. The crude product was purified by column
chromatography, eluting with chloroform/methanol 97:3 to
give the pure product as a white foamy solid (106 mg, yield

29.3%).
3IP.NMR (MeOD, 121 MHz): & 3.91, 3.85

'"H-NMR (MeOD, 300 MHz): 6 7.84, 7.81 (1H, 2s, H-6),
7.44-7.20 (6H, m, OPh+H-5b), 6.88-6.81 (1H, 2d, 3J 13.6
Hz, H-5a), 6.34- 6.28 (1H, m, H-1"), 4.50-4.34 (3H, m,
H-5'+H-3"), 4.23-4.15 (3H, m, H-4'+CH,CH,O), 2.38-2.28
(1H, m, one of H-2"), 2.22-2.09 (1H, m, one of H-2"), 1.31
(6H, s, [CH,],C), 1.29 (3H, t,°’J=7 Hz, CH,CH,O)

BC.NMR (MeOD, 75 MHz): & 14.9 (CH,CH,O) 27.9,
283 ([CH,],C), 41.5 (C-2), 58.51 (C[CH,],), 63.1 (CH,
CH,O), 68.2 (C-5"), 72.6 (C-3"), 87.1, 87.4 (C-1', C-4"),
109.6 (C-5b), 112.7 (C-5b), 122.0, 122.1, 122.2. (‘0°, 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,CH.).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(benzoxy-a,a-dimethylglycinyl)]-phos-
phate (CPF 14)

C,.H,,BrN,O,P, MW=664.44.

This was synthesised according to Standard procedure 5,
using BVdU (242 mg, 0.73 mmol), phenyl-(benzyl-2-
amino-2-methylpropanoate)-phosphorochloridate  (533.0

mg, 2.0 mmol), NMI (298.0 mg, 3.63 mmol, 289 ul.) in THF
(5 mL) for 4 hrs. The crude product was purified by column
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chromatography, eluting with chloroform/methanol 97:3 to
give the pure product as a white foamy solid (129.0 mg,
yield 26.7%).

*'P-NMR (CDCl,, 121 MHz): & 3.39, 3.12.

'H-NMR (CDCl,, 300 MHz): 8 9.92 (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, OPh+CH,Ph), 6.78-6.67 (1H, 2d,
*J=13.6 Hz, H-5a), 6.31-6.25 (1H, m, H-1", 5.18 (1H, s, C
H,Ph), 4.50-4.09 (6H, m, H-3'+H-5'+H-4', 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,],C).

I3C.NMR (CDCl,, 75 MHz): & 273, 27.4, 28.5
([CH,],C), 40.6, 40.7 (C-2), 57.6, 57.6 (C[CH,],), 66.2,
665(C 5%, 68.1 (CH,Ph), 70.6, 71.1 (C-3"), 85.4, 85.5, 85.6,
85.8 (C-1', C-4"), 110.4 (C-5b), 112.0 (C-5), 120.4, 120.5,
120.6, 125.7, 128.4, 128.5, 128.8, 128.9, 130.3 (OPh, C-5a),
135.7(‘ipso’, CH,Ph) 138.1, 1383 (C-6), 149.8, 150.8,
150.9 (‘ipso’ OPh, C-4), 162.1 (C-2), 177.5, 175.7
(COOCH,,Ph).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-nitrophenyl-(methoxy-a,a-dimethylglycinyl)]-
phosphate (CPF 45)

C,.H,.BrN,O,, P, MW=633.34.

O,N

This was synthesised according to Standard procedure 3,
using BVdU (1350 mg, 0.45 mmol), 4-nitrophenyl-(methyl-
2-amino-2-methylpropanoate)-phosphorochloridate  (378.8
S mg, 1.13 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 ulL)
in THF (5 mL) for 3 hrs. The crude product was purified by

column chromatography, eluting with dichloromethane/
methanol 97:3 to give the pure product as a white foamy

solid (1435.7 mg, vield 50.9%).

*IP-NMR (MeOD, 121 MHz): § 3.61, 3.56.
'"H-NMR (MeOD, 300 MHz): 8 8.30-8.25 (2H,

2d, 31=9.0
Hz, OPh), 7.79-7.78 (1H, 2s, H-6), 7.49-7.46 (2H, d, *J=9.0
Hz, OPh), 7.37-7.32 (1H, 2d, *J=13.6 Hz, H-5b), 6.79-6.72
(1H, 2d, 3J=13.6 Hz, H-5a), 6.32-6.25 (1H, m, H-1"), 4.48-
435 (3H, m, H-3'+H-5"), 4.15-4.14 (1H, m, H-4", 3.71 (3H,
s, CH,O), 2.41-2.17 (2H, m, H-2), 1.51 (6H, s. [CH.].C.

13(: NMR (CDCl,, 75 MHz): & 28.0, 28.1, 28.2, 28.3
(ICH.],C). 41.4, 41.5 (C-2'). 53.6 (CHLO). 58.7 (C[CEL].).
63.5 (C-5), 723, 72.4 (C-3"), 86.9. 87.0. 87.4, 87.5 (C-1"
C-4"), 109.7 (C-5b), 112.6 (C-S), 122.8, 122.9 (‘0°, OPh),
127.0 (‘m’, OPh), 130.9 (C-5a), 140.5 (C-6),146.5 (‘p’, O
Ph), 151.5 (‘ipso’, OPh), 157.3 (C-4), 164.0 (C-2), 177.5
(COOCH,).
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Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-nitrophenyl-(ethoxy-a,c-dimethylglycinyl)]-
phosphate (CPF 46)

C,,H,.BrN,O, P, MW=647.3.

O,>N

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), 4-nitrophenyl-(ethyl-2-
amino-2-methylpropanoate)-phosphorochlonidate  (442.1
mg, 1.26 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 uL) in
THF (5 mL) 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
solid (152.9 mg, yield 52.5%).

*'P-NMR (CDCl,, 121 MHz): & 3.00, 2.96.

'"H-NMR (CDCl,, 300 MHz): 8 10.28 (1H, bs, H-3),
8.25.-8.12 (2H, 2d, °J=9.0 Hz, OPh), 7.68-7.67 (1H, 2s,
H-6), 7.46-7.32 (3H, m, OPh+H-5b), 6.69-6.67 (1H, 2d,
°J=13.5 Hz, H-5a), 6.32-6.26 (1H, m, H-1", 4.75-4.36 (5H,
m, H-3'+H-5'+NH), 4.25-4.17 (3H, m, OCH,CH,, H-4"),
2.60-2.98 (1H, m, one of H-2"), 2.31-2.10 (1H, m, one of
H-2Y, 1.58 (6H, s, [CH,],C), 1.30-1.28 (3H, 2t, °J=7.1 Hz,
OCH,CH,).

SC-NMR (CDCl,, 75 MHz): § 14.5 (CH,CH,O), 27.1,
272, 27.3, 274 ([CH4],C), 40.6 (C-2"), 57.7 (C[CH4],),
62.7 (CH,CH,O), 67.0 (C-3"), 71.0, 71.2 (C-3"), 85.4, 85.9,
86.1 (C-1', C-4"), 110.3 (C-3b), 111.9 (C-5), 121.2, 121.3
(‘o’, OPh), 126.2 (*‘m’, OPh), 128.8 (C-3a), 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-
S'-[4-nmitrophenyl-(benzoxy-a.,c.-dimethylglycinyl)]-
phosphate (CPF 47)

C,.H,,BIN,O, P, MW=709.44.

This was synthesised according to Standard procedure 5,
using BVdU (100 mg, 0.30 mmol), 4-mtrophenyl-(benzyl-
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2-amino-2-methylpropanoate)-phosphorochloridate  (309.6
mg, 1.07 mmol), NMI (123.7 mg, 1.5 mmol, 120.1 uL.) in
THF (5 mL) for 5 hrs. The crude product was purified by
column chromatography, eluting with dichloromethane/
methanol 97:3 to give the pure product as a white foamy

solid (160.2 mg, yield 50.2%).
*'P-NMR (CDCl,, 121 MHz): & 2.95, 2.89.

'H-NMR (CDCl,, 300 MHz): 8 10.16 (1H, bs, H-3),
8.26-8.24 (2H, 2d, °J=9.1 Hz, OPh), 7.71-7.69 (1H, 2s, H-6),
7.48-7.37 (8H, m, OPh+CH,Ph, H-5b), 6.75-6.72 (1H, 2d,
°J=13.5 Hz, H-5a), 6.36-6.29 (1H, m, H-1"), 5.24 (2H, s,
CH,Ph), 4.81-4.40 (SH, m, H-3'+H-5'+OH-3', NH, 4.22-
4.21 (1H, m, H-4"), 2.57-2.36 (1H, m, oneofH 2')2.27-2.22
(1H, m, one of H-2"), 1.64 (6H, s 1],C).

3C.NMR (CDCl,, 75 MHz): a 27.4 ([CH,],C), 40.6
(C-2", 57.8 (C[CH,],), 67.0 (C-5"), 68.2 (CH,Ph), 71.1, 71.2
(C-3", 85.3, 86.2 (C-1', C-4"), 110.5 (C-5b), 111.9 (C-5),
111.9 (C-5), 121.2, 126.2, 128.5, 128.8, 129.0, 129.1 (‘0’,
‘m’, ‘p’, CHL,Ph+OPh+C-5a), 135.5 (‘ipso’, CH,Ph), (C-5a),
138.4 (C-6), 145.0 (‘p’, OPh), 150.0 (C-4), 155.7 (“ipso’, O
Ph), 162.2 (C-2), 175.4-175.5 (COOCH,Ph).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-chlorophenyl-(methoxy-o,o-dimethylglyci-
nyl)]-phosphate (CPF 42)

C,,H, BrCIN,O,P, MW=622.79.

Cl
Br\ O
O NH
[ | /J\
0O O—P—O
| ™~ X N O
NH
\O H H
H H
OH H

This was synthesised according to Standard procedure 3,
using BVdU (150 mg, 0.45 mmol), 4-chlorophenyl-(methyl-
2-amino-2-methylpropanoate)-phosphorochloridate  (440.2
mg, 1.35 mmol), NMI (184.7 mg, 2.25 mmol, 179.4 ul.) in
THF (5 mL) for 6 hrs. The crude product was purified by
column chromatography, eluting with dichloromethane/

methanol 97:3 to give the pure product as a white foamy
solid (146.7 mg, yield 56.5%).

3IP_.NMR (MeOD, 121 MHz): 8 3.98 (s).

"H-NMR (MeOD, 300 MHz): 8), 7.71-7.69 (1H, 2s, H-6),
7.31-7.13 (5H, m, OPh+H-5b) 6.73-6.66 (1H, 2d, 3] 13.6
Hz, H-5a), 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),
2.29-2.19 (1H, m, one¢ of H2", 2.15-2.05 (1H, m, one of
H-2'), 1.38 (6H, s 1],C).

PC-NMR (CDCIS,, 75 MHz): o 28.0, 28.2, 28.3, 28.4

([CH,],C), 41.5, 41.6 (C-2'), 53.5, 53.6 (CH,0), 58.6
(C[CHL].). 632 (C-5). 72.4. 72.5 (C-3). 87.1. 87.2. 873,
R7.4 (C-1', C-4"), 109.7 (C-5b), 112.7 (C-5), 123.7, 1238
(‘0’, OPh), 130.9, 131.1 (‘m’, OPh+C-5a), 131.9 (*p’, OPh).
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140.4 (C-6), 151.1, 151.2, 151.4 (“ipso’, OPh+C-4), 164.0
(C-2), 177.6, 177.7 (COOCH.,).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-chlorophenyl-(ethoxy-c.,c.-dimethylglycinyl)]-
phosphate (CPF 43)

C,.H,.BrCIN,O,P, MW=636.81.

Cl

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), 4-chlorophenyl-(ethyl-
2-amino-2-methylpropanoate)-phosphorochloridate (413.3
mg, 1.22 mmol), NMI (184.7 mg, 2.25 mmol, 179.3 ul.) in
THF (5 mL) for 16 hrs. The crude product was purified by
column chromatography, eluting with dichloromethane/
methanol 97:3 to give the pure product as a white foamy
solid (74 mg, yield 25.8%).

*'P-NMR (CDCl,, 121 MHz): § 3.47, 3.33.

'"H-NMR (CDCl,, 300 MHz): 4 10.03-9.99 (1H, 2bs,
H-3), 7.70-7.67 (1H, 2s, H-6), 7.47-7.43 (1H, 2d, °J=13.6
Hz, H-3b), 7.35-7.20 (4H, m, OPh), 6.77-6.68 (1H, 2d,

J=13.6 Hz, H-5a), 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, q, *J=7.1 Hz, OC
H,CH,+H-4'"), 2.53-2.42 (1H, m, one of H-2"), 2.22-2.08
(1H, m, one of H-2"), 1.57-1.54 (6H, 2s, [CH4],C), 1.31-1.30
(3H, 2t, °J=7.1 Hz, OCH,CH.,).

SC-NMR (CDCl,, 75 MHz): § 14.5 (CH,CH,0), 27.2,
273, 27.4 (JCH,],C), 40.7 (C-2Y), 37.6 (C[CH4],), 62.6
(CH,CH,0O), 66.5, 66.6 (C-5"), 70.8,71.1 (C-3"), 85.5, 85.74,
86.0 (C-1', C-4"), 110.4 (C-3b), 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 (‘1pso’, OPh), 149.9 (C-4), 162.1,
162.2 (C-2), 175.7-175.9 (COOCH,CH,).

Synthesis of (E)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[4-chlorophenyl-(benzoxy-a,a-dimethylglyci-
nyl)]-phosphate (CPF 44)

C,.H,,BrCIN,O,P, MW=698.88.
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This was synthesised according to Standard procedure 3,
using BVdU (150 mg, 0.45 mmol), 4-chlorophenyl-(benzyl-
2-amino-2-methylpropanoate)-phosphorochlonidate  (503.0
mg, 1.25 mmol), NMI (184.7 mg, 2.25 mmol, 179.3 ul.) in
THF (5 mL) for 16 hrs. The crude product was purified 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%).

3P_.NMR (CDCl,, 121 MHz): § 3.44, 3.26.

'H-NMR (CDCl,, 300 MHz): § 9.96-9.93 (1H, 2bs, H-3),
7.66-7.65 (1H, 2s, H-6), 7.47-7.41 (1H, 2d, 3J=13.5, H-5b),
7.39-7.18 (9H, m, OPh+CH,Ph) 6.74-6.69 (1H, 2d, >J=13.5
Hz, H-5a), 6.31-6.25 (1H, m, H-1"), 5.19 (2H, CH,Ph),
4.51-4.29 (4H, m, H-3'+H-5'+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 (1H, m,
one of H-2"), 1.60-1.59 (6H, 2s, [CH,],C).

I3C.NMR (CDCl,, 75 MHz): § 27.1, 27.5 ([CH,],C),
40.7 (C-2"), 57.7 (C[CH,],), 66.4, 66.6 (C-5Y, 63.2 (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
(‘0’, ‘m’, ‘p’, CH,Ph+OPh+C-5a), 131.0 (“ipso’, CH,Ph),
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)-5-(2-bromovinyl)-2'-deoxyuridine-
S'-[para-(trifluoromethyl)phenyl-(benzoxy-o.,o.-dim-
cthylglycinyl)]-phosphate (CPF 48)

C,.H,,BrF,N,O,P, MW=732.44.

This was synthesised according to Standard procedure 3,
using BVdU (150 mg, 0.45 mmol), 4-(trifluoromethyl)-
phenyl-(benzyl-2-amino-2-methylpropanoate)-phosphoro-
chloridate (529.4.5 mg, 1.22 mmol), NMI (184.7 mg, 2.25
mmol, 179.4 uL) in THF (5 mL) 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 solid (142.1 mg, vield 43.1%).

*IP-NMR (CDCl,, 121 MHz): 8 3.16, 3.01.

'"H-NMR (CDCl,, 300 MHz): 8 10.06-10.02 (1H, 2bs,
H-3), 7.67-7.66 (1H, s, H-6), 7.64-7.60 (2H, 2d, °J=8.8 Hz,
OPh), 7.46-7.32 (8H, m, OPh+CH,Ph+H-5b), 6.77-6.68
(1H, 2d, °J=13.6 Hz, H-5a), 6.31-6.26 (1H, m, H-1"), 5.18
(2H, s, CH,Ph), 4.61-4.32 (4H, m, H-3'+H-5'+NH), 4.16-
4.15 (2H, m, H-4'+OH-3"), 2.48-2.41 (1H, m, one of H-2'),
2.23-2.09 (1H, m, one of H-2"), 1.60-1.58 (6H, 2s, C|CH,],)

“C-NMR (CDCl,, 75 MHz): & 27.0, 27.4, 27.5
(CICH,l,), 40.6 (C-2Y), 57.7, 57.8 (C[CH,),), 66.8, 66.5
(C-5"), 68.2 (CH,Ph), 70.8, 71.1 (C-3"), 854, 85.7, 86.0
(C-1", C-4", 1104 (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’, O
Ph+CH,
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Ph+C-5a), 124.2 (CF,, 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).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(methoxy-a,a-cycloleucinyl)]-phosphate
(CPF 16)

C,.H,.BN,O,P, MW=614.38.

O Br

HN)J\/_/
? O)\N/‘

@
OH

This was synthesised according to Standard procedure 5,
using BVdU (250 mg, 0.75 mmol), Phenyl-(methoxy-o.,c.-
cycloleucinyl)-phosphorochloridate (589 mg, 1.87 mmol),
NMI (6.2 mmol, 415 ul) in THF (7 mL) for 3 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 (234 mg, yield 51%).

*'P-NMR (CDCl,, 121 MHz): § 3.87, 3.82.

"H-NMR (CDCl,; 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),
7.37-7.15 (5H, m, OPh, 6.8 (1H, 2d, °J=13 Hz, H-5a), 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).

SC-NMR (DMSO; 75 MHz): 6 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 (Cg cyclopentane), 66.6 (C-5'), 70.9
(C-3"), 85.8,85.6,85.4,85.3 (C-1',C-4"), 110.2 (C-5b), 111.9
(C-5),120.7-120.6 (‘0’, OPh, 125.7 (*p’, OPh, 129.0 (C-5a),
130.2 (*‘m’, OPh), 138.5 (C-6), 149.9 (C-4), 150.9, 150.8
(‘ipso’, OPh), 162.3(C-2), 176.3, 176.2 (COOCH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(ethoxy-a., a-cycloleucinyl)]-phosphate
(CPF 17)

C,.H,,BrN,O,P, MW=628.41.

O Br

HN)J\/_/
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This was synthesised according to Standard procedure 3,
using BVdU (250 mg, 0.75 mmol), Phenyl-(ethoxy-a,o.-
cycloleucinyl)-phosphorochlondate (642 mg, 1.87 mmol),
NMI (6.2 mmol, 415 uL) in THF (7 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 (258 mg, yield 55%).

*'P-NMR (CDCl,, 121 MHz): & 4.23, 4.1.

'"H-NMR (CDCl,, 300 MHz): § 10.3-10.1 (1H, bs, H-3),
7.8-7.75 (1H, 2xs, H-6), 7.51 (1H, 2d, °J=14 Hz, H-5b),
7.45-7.10 (5H, m, OPh), 6.8 (1H, 2d, °J=14 Hz, H-5a), 6.22
(1H, 2t, °J=4 Hz, H1"), 4.55-4.05 (7H, m, H-5', H-3', H-4',
NH, CH,CH,O), 2.50-2.40 (1H, m, one of H-2'"), 2.35-1.95
(SH, m, one of H-2'+4H cyclopentane), 1.95-1.75 (4H, m,
4H cyclopentane), 1.25 (3H, 2t, °J=7 Hz, CH,CH,O).

PC-NMR (CDCl,, 75 MHz): & 14.5 (CH,CH,O), 24.5,
24,4 (2CH, cyclopent), 39.2, 38.9 38.8, 38.4 (2CH, cyclo-
pent), 40.6 (C-2"), 62.2, 62.1 (CH;CH,0O), 66.2 (Cq cyclo-
pentane), 66.6 (C-3"), 70.8 (C-3"), 83.7, 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-3a), 130.2 (‘m’, OPh), 138.5, 138.3
(C-6), 149.7 (C-4), 150.9, 150.8 (*1pso’, OPh), 162.3 (C-2),
176.3 (COOCH,CH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[phenyl-(benzoxy-c., a-cycloleucinyl)]-phosphate
(CPF 18)

C,,H,,BrN,O.P, MW=690.43.

O Br

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.6 mmol), Phenyl-(benzyloxy-o.,c.-
cycloleucinyl)-phosphorochlonidate (589 mg, 1.5 mmol),
NMI (4.98 mmol, 332 ulL) in THF (5 mL) for 10 hrs. The
crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (127 mg, yield 31%).

*'P-NMR (CDCl,, 121 MHz): § 4.11, 4.01.

"H-NMR (CDCl,, 300 MHz): 8 10.2 (1H, bs, H-3),
7.8-7.6 (1H, 2xs, H-6), 7.45-7.4 (1H, 2d, °J=14 Hz, H-5b),
7.40-7.10 (10H. m, OPh+CH,Ph), 6.85 (1H, 2d, °J=14 He,
H-5a), 6.20 (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 (1H, 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).

C-NMR (CDCl,, 75 MHz): 6 24.4, 24,3, 24.2 (2CH,
cyclopent), 39.9, 39.7 38.6, 38.5 (2CH, cyclopent), 40.5
(C-2"), 66.2 (Cq cyclopentane), 66.5 (C-5'), 67.8 (CH,Ph),
70.8, 70.77 (C-3"), 85.7, 85.6, 85.5, 85.4 (C-1', C-4"), 110.2
(C-5b), 111.8, 118.7 (C-5b), 120.7, 120.5 (‘0o’, OPh), 125.7
(‘p’, OPh), 130.2, 129.0, 128.8, 128.7, 128.5 (*‘m’ OPh, Bn,
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C-5a), 135.8(‘ipso’, CH,Ph) 138.4, 138.2 (C-6), 149.8
(C-4), 150.9, 150.8 (“ipso’, OPh), 162.2 (C-2), 175.7, 175.5
(COOBD).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-nitrophenyl-(methoxy-o,c.-cycloleucinyl)]-
phosphate (CPF 19)

C,.H,.BrN,O,, P, MW=659.38.

- /Br

This was synthesised according to Standard procedure 5,
using BVdU (200 mg, 0.60 mmol), para-nitrophenyl-
(methoxy-o,o.-cycloleucinyl)-phosphorochloridate (543
mg, 1.5 mmol), NMI (4.98 mmol, 332 uL.) in THF (5 mL)
for 2 hrs. The crude product was purnified by column
chromatography, eluting with CH,Cl,/Methanol 97:3 to give
the pure product as a white foamy solid (239 mg, yield
60%).

*'P-NMR (CDCl,, 121 MHz): § 3.73.

'"H-NMR (CDCl,; 300 MHz): 8 10.5-10.2 (1H, bs, H-3),
8.35-8.25 (2H, 2d, °J=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), 6.30 (1H, 2t,
J=6 Hz, H1", 4.65-4.4 (3H, m, H-5'H-3"), 4.25-4.20 (1H,
m, H-4'), 3.79 (3H, s, CH,0), 2.6-2.4 (1H, m, one of H-2"),
2.3-1.98 (5H, m, one of H-2'+4H cyclopentane), 1.9-1.76
(4H, m, 4H cyclopentane).

SC-NMR (CDCl,; 75 MHz): & 24.4, 24,3, 24.2 (2CH,
cyclopent), 39.2, 39.1 (2CH,, cyclopent), 40.5 (C-2"), 53.4,
53.3 (CH;0), 66.8 (Cg cyclopentane), 67.1 (C-5"), 70.9
(C-3"),86.1,86.0,85.5,85.4 (C-1',C-4"), 110.2 (C-5b), 111.8
(C-5), 121.3, 121.2 (‘o’, OPh), 126.2 (*‘m’, OPh), 128.9
(C-5a), 138.6 (C-6), 144.9 (“1pso’, OPh) 149.9 (C-4), 155.9,
155.8 (°p’, OPh), 162.3 (C-2), 176.3 (COOCH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-nitrophenyl-(ethoxy-a,a.-cycloleucinyl)]-
phosphate (CPF 20)

C,.H,,BN,O,, P, MW=673 4.
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This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), para-nitrophenyl-
(ethoxy-a,a.-cycloleucinyl)-phosphorochlonidate (563 mg,
1.5 mmol), NMI (4.98 mmol, 332 ul.) in THF (5 mL) for 1

hr. The crude product was purified by column chromatog-
raphy, eluting with CH,Cl,/Methanol 97:3 to give the pure

product as a white foamy solid (240 mg, yield: 59%).
*'P-NMR (CDCl,, 121 MHz): § 3.83, 3.79.

"H-NMR (CDCl,, 300 MHz): § 8.25-8.2 (2H,2d,”J=9 Hz
OPh), 7.66 (1H, s, H-6), 7.4 (2H, 2d, °J=9 Hz, OPh), 7.3
(1H, 2d, °J=14 Hz, H-5b), 6.85 (1H, 2d, °J=14 Hz, H-5a),
6.3-6.2 (1H, m, H1"), 4.7-4.45 (4H, m, H-5', H-3', NH),
4.2-4.05 (3H, m, H-4', CH,CH,0), 2.55-2.4 (1H, m, one of
H-2"), 2.2-1.95 (5H, m, one of H-2'+4H cyclopentane),
1.95-1.8 (4H, m, 4H cyclopentane), 1.2 (3H, 2t, °J=8 Hz, C
H,CH,0).

C-NMR (CDCl,, 75 MHz): 8 14.9 (CH,CH,O), 24.5,
24,4 (2CH, cyclopent), 39.1, 39.0, 38.8 (2CH,, cyclopent),
40.7 (C-2"), 62.4 (CH,CH,0), 66.5 (Cqg cyclopentane), 67.0
(C-5"), 70.9 (C-3"), 85.9, 85.4 (C-1', C-4"), 110.2 (C-5b),
111.8 (C-5), 121.3 (‘o’, OPh), 126.2 (‘m’, OPh), 128.8
(C-5a), 138.5 (C-6), 144.9 (“1pso’, OPh), 149.9 (C-4), 155.5
(‘p’, OPh), 162.3 (C-2), 175.8, 175.7 (COOCH,CH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-nitrophenyl-(benzoxy-a,a-cycloleucinyl)]-
phosphate (CPF 21)

C,,H,,BrN,O,, P, MW=735.47.

O Br

v Yo ‘E

NH

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), para-nitrophenyl-(ben-
zyloxy-a.,a.-cycloleucinyl)-phosphorochloridate (656 mg,
1.5 mmol), NMI (4.98 mmol, 332 ul.) in THF (5 mL) for 3
hrs. The crude product was purified by column chromatog-
raphy, eluting with CH,Cl,/Methanol 97:3 to give the pure
product as a white foamy solid (269 mg, vield 61%).

*'P-NMR (CDCl,, 121 MHz): § 3.72.

"H-NMR (CDCl;, 300 MHz): 8 103 (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+CH,Ph), 6.72-6.65 (1H, 2d,
°J=14 Hz, H-5a), 6.28 (1H, 2t, °J=6 Hz, H-1"), 5.15 (1H, d,
CH,Ph), 4.6-4.35 (4H, m, H-3', H-5', H-4', NH,), 2.55-2.4
(1H, m, one of H-2", 2.3-1.92 (3H, m, one of H-2'+4H
cyclopentane), 1.85-1.6 (4H, m, 4H cyclopentane).

C-NMR (CDCl,, 75 MHz): & 24.4, 24,3, 24.2 (2CH,
cyclopent), 39.1, 38.9, 38.7 (2CH,, cyclopent), 40.5 (C-2"),
66.9 (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), 126.1 (‘m’, OPh), 129.0, 128.8 (Bn, C-5a), 1357
(‘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).
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Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-fluorophenyl-(methoxy-a,c.-cycloleucinyl) |-
phosphate (CPF 22)

C,.H,.BrFFN,O,P, MW=632.37.

O Br

HN)J\/_/
A
F4<\_/>70—P—O )

NH

MeO
Ok

O

This was synthesised according to Standard procedure 5,
using BVdAU (200 mg, 0.60 mmol), para-fluorophenyl-
(methoxy-a.,a-cycloleucinyl)-phosphorochlondate (503
mg, 1.5 mmol), NMI (4.98 mmol, 332 uL.) in THF (5 mL)
for 2 hrs. The crude product was purified by column

chromatography, eluting with CH,Cl,/Methanol 97:3 to give
the pure product as a white foamy solid (2351 mg, yield
66%).

*'P-NMR (CDCl,, 121 MHz): § 4.22.

"H-NMR (CDC1l,; 300 MHz): & 10.3 (1H, bs, H-3), 7.70
(1H, 2xs, H-6), 7.4 (1H, 2d, °J=14 Hz, H-5b), 7.25-7.15 (2H,
m, OPh), 7.1-6.95 (2H, m, OPh), 6.70 (1H, 2d, °J=14 Hz,
H-5a), 6.30-6.15 (1H, 2t, 3] 5 Hz, H1"), 4.55-4.05 (5H, m,
H-5'+H-3', NH, H-4"), 3.72 (3H, 2s, CH,0), 2.55-2.35 (1H,
m, one of H-2"), 2.25-1.92 (5H, m, one of H-2'+4H cyclo-
pentane), 1.85-1.6 (4H, m, 4H cyclopentane).

SC-NMR (DMSO; 75 MHz): 8 24.4, 24,3, 24.2 (2CH,
cyclopent), 39.3, 39.2, 38.9, 38.5 (2CH, cyclopent), 40.6
(C-2Y, 53.3, 53.2 (CH,0), 66.5 (Cq cyclopentane), 66.7
(C-5"), 709 (C-3"), 85.8, 85.7, 854 (C-1', C-4"), 110.2
(C-5b), 111.9 (C-5), 116.9, 116.6 (*0’, 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,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-fluorophenyl- (ethoxy-a,a-cycloleucinyl)]-
phosphate (CPF 23)

C,.H,,BrFN,O,P, MW=646.4.
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This was synthesised according to Standard procedure 3,
using BVAU (200 mg, 0.60 mmol), para-fluorophenyl-
(ethoxy-a,a-cycloleucinyl)-phosphorochlonidate (524 mg,

1.5 mmol), NMI (4.98 mmol, 332 ul.) in THF (5 mL) for 2
hrs. The crude product was purified by column chromatog-

raphy, eluting with CH,Cl,/Methanol 97:3 to give the pure

product as a white foamy solid (274 mg, yield 71%).

*'P-NMR (CDCl,, 121 MHz): & 5.30.

"H-NMR (CDCl,, 300 MHz): 8 10.35 (1H, bs, H-3), 7.7
(1H, 2xs, H-6), 7.44 (1H, 2d, °J=14 Hz, H-5b), 7.25-7.15
(2H, m, OP_h),,7.1-6.95 (2H, m, OPh), 6.7 (1H, 2d, °*J=14 Hz,
H-5a), 6.30 (1H, 2t, °J=6 Hz, H1"), 4.55,4.3 (3H, m, H-5',
H-3"), 4.2-4.1 (4H, m, NH, H-4', CH,CH,O), 2.55-2.4 (1H,
m, one of H-2"), 2.22-1.90 (3H, m, one of H-2'+4H cyclo-
pentane), 1.8-1.6 (4H, m, 4H cyclopentane), 1.3-1.2 (3H, 2t,
*J=7 Hz, CH,CH,O).

"*C-NMR (CDCl,, 75 MHz): & 14.5 (CH,CH,O), 24.6,
24,4, 24.3 (2CH, cyclopent), 39.3, 39.2, 38.9, 38.6 (2CH,
cyclopent), 40.6 (C-2"), 62.2 (CH,CH,O), 66.5 (Cg cyclo-
pentane) 66.7 (C-3"), 71.0 (C-3"), 85.8,85.7, 85.5, 85.4 (C-1",
C-4"), 110.2 (C-5b), 111.9 (C-5), 116.9, 116.5 (‘o’, 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,CH,;).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-fluorophenyl-(benzoxy-a,a-cycloleucinyl)]-
phosphate (CPF 24)

C,,H,,BrN,O.,P, MW=708.47.

O Br

/ O—P—0O
NH O
BnO
Ok

This was synthesised according to Standard procedure 3,
using BVdU (200 mg, 0.60 mmol), para-tluorophenyl-(ben-
zyloxy-a.,a.-cycloleucinyl)-phosphorochloridate (616 mg,
1.5 mmol), NMI (4.98 mmol, 332 ul.) in THF (5 mL) for 2
hrs. The crude product was purified by column chromatog-
raphy, eluting with CH,Cl,/Methanol 97:3 to give the pure
product as a white foamy solid (283 mg, yield 67%).

*'P-NMR (CDCl,, 121 MHz): 6 4.27.

"H-NMR (CDCl,, 300 MHz): & 10.3-9.85 (1H, bs, H-3),
7.65 (1H, 2xs, H-6), 7.45-7.35 (1H, 2d, °J=14 Hz, H-5b),
7.40-7.30 (SH. m, CH,Ph), 7.25-7.15 (2H, m, OPh), 7.05-
6.95 (2H, m, OPh), 6.71 (1H, 2d, °J=14 Hz, H-5a), 6.27 (1H,
2t, °J=6 Hz, H-1"), 5.15 (1H, s, CH,Ph), 4.45 (1H, m, H-3"),
4.40-430 (2H, m, H-5") 4.20-4.05 (2H, m, H-4', NH),
2.5-2.4 (1H, m, one of H-2"), 2.25-1.9 (5H, m, one of
H-2'+4H cyclopentane), 1.8-1.6 (4H, m, 4H cyclopentane).

PC-NMR (CDCl,, 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, 854, 85.3 (C-1',
C-4"), 110.3 (C-5b), 111.8 (C-5), 116.9, 116.6 (‘o’, OPh),
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122.2, 122.1 (‘m’, OPh), 129.0, 128.9, 128.6, 128.5 (Bn,
C-5a), 135.8(‘ipso’, CH,Ph) 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-
S'-[para-chlorophenyl-(methoxy-a.,a-cycloleuci-

nyl)]-phosphate (CPF 32)

C,.H,,BrCIN,O,P, MW=648.82.

O Br
HN
O)\N
OH

-0

MeO

O

This was synthesised according to Standard procedure 5,
using BVdAU (150 mg, 0.45 mmol), para-chlorophenyl-

(methoxy-o,o.-cycloleucinyl)-phosphorochloridate (475
mg, 1.35 mmol), NMI (4.5 mmol, 300 uL.) 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 (187 mg, vield
64%).

*'P-NMR (MeOD, 121 MHz): & 4.64.

'"H-NMR (MeOD; 300 MHz): & 7.75 (1H, 2xs, H-6), 7.32
(1H, 2d, °J=14 Hz, H-5b), 7.32-7.27 (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-3"), 4.30 (2H, m, H-5"
4.1 (2H, m, H-4"), 3.72 (3H, 2s, CH;0), 2.32-2.20 (1H, m,
one of H-2"), 2.20-1.92 (5H, m, one of H-2'+4H cyclopen-
tane), 1.8-1.6 (4H, m, 4H cyclopentane).

SC-NMR (MeOD; 75 MHz): § 25.7, 25.6 (2CH,, cyclo-
pent), 41.7, 41.6, 41.4, 41.3 (2CH, cyclopent), 42.7 (C-2"),
34.1, 33.9 (CH,0), 67.8 (Cq cyclopentane), 69.1, 69.0
(C-5"), 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 (0o’, OPh), 128.9 (C-5a),
130.6 (*‘m’, OPh), 130.8 (‘p’, OPh), 138.5 (C-6), 149.5,
149.4 (‘ipso’, OPh), 149.9 (C-4), 162.2(C-2), 175.6
(COOCH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-chlorophenyl-(ethoxy-a,a-cycloleucinyl)]-
phosphate (CPF 33)

C,.H, BrCIN,O.P, MW=662.85.
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This was synthesised according to Standard procedure 3,
using BVdAU (150 mg, 0.45 mmol), para-chlorophenyl-
(ethoxy-a,a.-cycloleucinyl)-phosphorochlonidate (495 mg,

1.35 mmol), NMI (4.5 mmol, 300 ul.) in THF (5 mL) for 2
hrs. The crude product was purified by column chromatog-

raphy, eluting with CH,Cl,/Methanol 97:3 to give the pure
product as a white foamy solid (240 mg, yield 66%).

*'P-NMR (CDCl,, 121 MHz): & 4.15.

"H-NMR (CDCl,, 300 MHz): 8 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, OPh), 6.75 (1H,
2d, °J=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 (3H, m, one of H-2'+4H cyclo-
pentane), 1.75-1.55 (4H, m, 4H cyclopentane), 1.2 (3H, 2t,
*J=7 Hz, CH,CH,O).

PC-NMR (CDCl,, 75 MHz): & 14.5 (CH,CH,O), 24.5,
24,4 (2CH, cyclopent), 39.3, 39.2, 38.8, 38.6 (2CH,, cyclo-
pent), 40.5 (C-2"), 62.3 (CH,CH,0), 66.1 (Cqg cyclopen-
tane), 66.7 (C-5"), 70.8 (C-3"), 85.8, 85.4 (C-1', C-4"), 110.3
(C-5b), 111.9 (C-5), 122.1, 121.9 (‘o’, OPh), 129.0 (C-5a),
130.2 (‘m’, OPh), 130.8 (‘p’, OPh), 138.5 (C-6), 149.5,
1494 (‘ipso’, OPh), 149.9 (C-4),162.3 (C-2), 1759
(COOCH,CH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-chlorophenyl-(benzoxy-a,a-cycloleucinyl)]-
phosphate (CPF 34)

C,,H,,BrCIN,O,P, MW=724.92.

Cl

BnO
OH

This was synthesised according to Standard procedure 3,
using BVdAU (150 mg, 0.45 mmol), para-chlorophenyl-
(benzyloxy-a,a.-cycloleucinyl)-phosphorochlornidate (578
mg, 1.35 mmol), NMI (4.5 mmol, 300 uL.) mn 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 (222 mg, yield
68%).

*'P-NMR (CDCl,, 121 MHz): § 4.11, 4.05.

'H-NMR (CDCl,, 300 MHz): & 7.65 (1H, 2xs, H-6),
7.45-7.29 (10H, m, H-5b, 2H OPh+CH,Ph), 7.20-7.15 (2H,
m, OPh), 6.75-6.67 (1H, 2d, °J=14 Hz, H-5a), 6.28 (1H, 2t,
°J=6 Hz, H-1"), 5.15 (1H, 2s, CH,Ph), 4.5 (1H, m, H-3"),
435 (2H, m, H-5") 4.1 (H, m, H-4"), 4.00 (1H, m, NH),
2.48-2.35 (1H, m, one of H-2"), 2.3-1.92 (3H, m, one of
H-2'+4H cyclopentane), 1.8-1.6 (4H, m, 4H cyclopentane).

PC-NMR (CDCl,, 75 MHz): § 24.5, 24.4, 24,3, 24.2
(2CH, cyclopent), 39.3, 38.8, 38.6 (2CH, cyclopent), 40.5
(C-21), 66.7 (Cq cyclopentane), 67.9 (CH,Ph), 68.4 (C-5"),
70.7 (C-3"),85.7,85.7,85.4, 85.3 (C-1', C-4"), 110.3 (C-5b),
111.8 (C-5), 122.0, 121.9 (‘o’, OPh), 129.1, 128.3, 128.2
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(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 (COOBn).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-trifluorophenyl-(methoxy-a,a.-cycloleuci-
nyl)]-phosphate (CPF 28)

C,-H,.BrFN;O,P, MW=682.38.

O Br

e Yot

|
NH

MeQO
OH

O

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), para-trifluorophenyl-

(methoxy-o,o.-cycloleucinyl)-phosphorochloridate (521
mg, 1.35 mmol), NMI (4.5 mmol, 300 uL.) in THF (5 mL)
for 2 hrs. The crude product was purnified by column
chromatography, eluting with CH,Cl,/Methanol 97:3 to give
the pure product as a white foamy solid (199 mg, vield
65%).

*'P-NMR (CDCl,, 121 MHz): & 3.80.

"H-NMR (CDCl,; 300 MHz): 6 7.70 (1H, 2s, H-6), 7.55
(1H, 2d, °J=14 Hz, H-5b), 7.45-7.32 (4H,, m, OPh), 6.72
(1H, 2d, °J=14 Hz, H-5a), 6.28 (1H, 2t,°J=6 Hz, H1"), 4.55
(1H, m, H-3"), 4.45 (2H, m, H-5"), 425(1H H4) 4.15 (1H,
NH), 3.71 (3H, 2s, CH,0), 2.6-2.4 (1H, m, one of H-2'),
2.3-1.9 (3H, m, one of H-2'+4H cyclopentane), 1.85-1.6
(4H, m 4H cyclopentane).

PC-NMR (CDCl;; 75 MHz): 8 24.4, 24,3, 24.2 (2CH,
cyclopent), 39.2, 39.1, 38.8, 38.6 (2CH, cyclopent), 40.5
(C-2Y, 53.9 (CH,0), 66.3 (Cq cyclopentane), 66.8 (C-5"),
70.9 (C-3"), 85.8, 85.4 (C-1', C-4"), 110.3 (C-3b), 111.9
(C-5), 125.1 (d, J=270 Hz, CF,), 127.1, 127.0 (‘0’, OPh),
127.8 (‘m’, OPh), 128.9 (C-3a), 1290(p , q, =32 Hz, O
Ph), 138.5 (C-6), 149.9 (C-4), 153.5 (‘ipso’, OPh), 162.2
(C-2), 176.3, 176.2 (COOCH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-trifluorophenyl-(ethoxy-a.,c.-cycloleuci-
nyl)]-phosphate (CPF 29)

C,.H, BrF,N.O.P, MW=696.40.
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This was synthesised according to Standard procedure 3,
using BVdU (150 mg, 0.45 mmol), para-trifluorophenyl-
(ethoxy-a,a.-cycloleucinyl)-phosphorochlonidate (540 mg,

1.35 mmol), NMI (4.50 mmol, 300 ul.) in THF (5 mL) for
2 hrs. The crude product was purified by column chroma-

tography, eluting with CH,Cl,/Methanol 97:3 to give the

pure product as a white foamy solid (185 mg, yvield 59%).

*'P-NMR (CDCl,, 121 MHz): & 4.30.

"H-NMR (CDCl,, 300 MHz): 8 10.35 (1H, bs, H-3), 7.70
(1H, 2xs, H-6), 7.40 (1H, 2d, °J=14 Hz, H-5b), 7.28-7.14
(2H, m, OPh), 7.05-6.95 (2H, m, OPh), 6.70 (1H, 2d, °J=14
Hz, H-3a), 6.3 (1H, m, H1"), 4.55-4.3 (3H, m, H-5', H-3"),
4.2-4.1 (3H, m, H-4', CH,CH,0O), 2.5-2.35 (1H, m, one of
H-2"), 2.20-1.9 (5H, m, one of H-2'+4H cyclopentane),
1.85-1.6 (4H, m, 4H cyclopentane), 1.25 (3H, 2t, °J=7 Hz,
CH,CH,0).

13’C NMR (CDCl;, 75 MHz): ¢ 14.5 (CH,CH,O), 24.5,
24,4 (2CH, cyclopent), 39.3, 39.2, 38.9, 38.5 (2CH,, cyclo-
pent), 40.6 (C-2'), 62.2 (CH,CH,0), 66.7 (Cgcyclopentane),
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=270 Hz, CF;), 129.0 (C-5a), 131.1
(‘p’, q, J=32 Hz, OPh), 138.5 (C-6), 146.8, 146.7 (‘1pso’,
OPh), 1499 (C-4), 1623 (C-2), 1759, 1738
(COOCH,CH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-trifluorophenyl-(benzoxy-o.,c.-cycloleuci-
nyl)]-phosphate (CPF 30)

C,,H,,BrF,N,0,P, MW=758.47.

() Br
1
O )\
\ J
NH O
BnO
OH

O

This was synthesised according to Standard procedure 3,
using BVdU (150 mg, 0.45 mmol), para-trifluorophenyl-
(benzyloxy-a,a.-cycloleucinyl)-phosphorochlonidate (623
mg, 1.35 mmol), NMI (4.5 mmol, 300 uL.) mn 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, vield
64%).

*'P-NMR (CDCl,, 121 MHz): & 4.30.

"H-NMR (CDCl,, 300 MHz): § 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=6 Hz, H-1), 5.15 (1H, 2s, CH,Ph), 4.55-4.35 (3H,
m, H-3'+H-3"), 4.25 (1H, H-4"), 4.10 (1H, NH), 2.55-2.35
(1H, m, one of H-2"), 2.30-1.92 (5H, m, one of H-2'+4H
cyclopentane), 1.8-1.6 (4H, m, 4H cyclopentane).

C-NMR (CDCl,, 75 MHz): § 25.5, 24.4, 243, 24.2
(2CH, cyclopent), 39.2, 39.1, 38.7, 38.6 (2CH,, cyclopent),
40.5, 40.0 (C-2"), 66.4 (Cq 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"),
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110.3 (C-5), 111.9 (C-5), 121.8, 120.8 (‘0, m’, OPh), 125.2
(d, J=270 Hz, CF.), 128.5, 127.7, 127.5 (Bn, C-5a), 129,2
(‘p’.q, J=32 Hz, OPh, 135.4 (‘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 '-deoxyuri-
dine-3'-[phenyl-(methoxy-L-phenylalaninyl)]-phos-
phate (CPF 36)

C,-H,,BN,O,P, MW=650.41.

O Br

N

OH

MeO\I(

O

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), Phenyl-(methoxy-L-
phenylalaninyl)-phosphorochloridate (477 mg, 1.35 mmol),
NMI (4.42 mmol, 190 plL) 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 (169 mg, yield 58%).

*'P-NMR (CDCl,, 121 MHz): & 4.79, 4.71.

'"H-NMR (CDCl,; 300 MHz): 8 9.95 (1H, bs, H-3),
7.60-7.55 (1H, 2xs, H-6), 7.48-7.4 (1H, 2d, °J=14 Hz,
H-5b), 7.3-7.1 (10H, m, CH,Ph+OPh), 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, m, CH,Ph), 2.35-2.20 (1H, m, one of H-2'"),
2.07-1.95 (1H, m, one of H-2").

SC-NMR (CDCl,; 75 MHz): 8 36.3 (CH,phenylalanine),
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-3b), 111.9 (C-5), 120.6, 120.5 (‘0’, OPh),
127.8 (°p’, OPh), 130.1, 129.9, 129.8, 129.1 (CH,Ph, C-3a,
‘m’” OPh), 138.0, 137.9 (C-6), 149.8 (C-4), 150.7, 150.6
(‘1pso’, OPh), 162.1, 162.0 (C-2), 173.5 (COOCH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-Iphenyl-(methoxy-L-leucinyl)]-phosphate (CPF
35)

C,.H,, BrN,O,P, MW=616.40.

O Br

MeQ OH
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This was synthesised according to Standard procedure 3,
using BVdU (150 mg, 0.45 mmol), Phenyl-(methoxy-L-

leucinyl)-phosphorochlonidate (432 mg, 1.35 mmol), NMI
(4.42 mmol, 190 ul) 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 (167 mg, yield 60%).

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

"H-NMR (CDCl,; 300 MHz): 6 10.1 (1H, bs, H-3), 7.75
(1H, 2xs, H-6), 7.45 (1H, 2d, °J=14 Hz, H-5b), 7.4-7.2 (5H,
m, OPh), 6.85 (1H, 2d, °J=14 Hz, H-5a), 6.27-6.18 (1H, 2t,
°J=6 Hz, H1"Y, 4.5-4.2 (4H, m, H-5'H-3', NH), 4.1 (1H,
m,H-4"), 3.95 (1H, m, CHCH,CH(CH,),), 3.70 (3H, 2s,
CH,0), 2.40-2.20 (1H, m, one of H-2"), 2.05-1.95 (1H, m,
one of H-2'), 1.8 (1 H, m, CHCH,CH(CH,),), 1.8-1.5 (2H,
m, CHCH,CH(CH,),), 1.0-0.9 (6H, m, CHCH,CH(CH,),).

C-NMR (CDCl,; 75 MHz): § 23.2,23.1,22.0,21.9 (2C,
CHCH,CH(CH,),), 24.9, 247 (CHCH,CH(CH,),), 40.6
(C-2"), 43.7, 43.6 (CHCH,CH(CH,),), 53.0 (CH,0), 53.7,
53.6 (CHCH,CH(CH,),), 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, 1204 (‘0’, OPh), 125.8, 1253.7 (‘p’, O
Ph), 128.9 (C-5a), 130.2 (‘m’ OPh), 138.1 (C-6), 149.9
(C-4), 150.8, 150.7 (“1pso’, OPh), 162.2 (C-2), 175.1, 174.9
(COOCH,).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-Iphenyl-(benzoxy-L-leucinyl)]-phosphate (CPF
37)

C,,H,-BrN,OP, MW=692.49.

O Br

Y\(

This was synthesised according to Standard procedure 3,
using BVdAU (150 mg, 0.45 mmol), Phenyl-(benzoxy-L-
leucinyl)-phosphorochlonidate (534 mg, 1.35 mmol), NMI
(4.42 mmol, 190 uL) 1n 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 (199 mg, vield 64%).

*'P-NMR (CDCl,, 121 MHz): & 5.18, 4.54.

"H-NMR (CDCl,; 300 MHz): 8 9.95-9.85 (1H, bs, H-3),
7.55 (1H, 2xs, H-6), 7.38 (1H, 2d, J=14 Hz, H-5b), 7.3-7.1
(5H, m, CH,Ph+OPh), 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, one of H-2"), 1.95-1.85 (1H, m, one of
H-2"), 1.6-1.4 (3H, m, CHCH,CH(CH,),), 0.8 (6H, m,
CHCH,CH{(CH;),).

"C-NMR (CDCl;; 75 MHz): § 23.2,23.1,22.0,21.9 (2C,
CHCH,CH(CH,),), 24.9, 247 (CHCH,CH(CH,),), 40.7
(C-2"), 439, 438 (CHCH,CH(CH,),), 53.9, 337
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(CHCH,CH(CHS,),), 66.4, 66.2 (C-5", 67.8,67.7 (CH,Ph),
71.1, 70.7 (C-3"), 85.9, 85.6, 85.4, 85.3 (C-1', C-4"), 110.4
(C-5b), 111.9 (C-5), 120.6, 120.5 (‘0’, OPh), 125.8, 125.7
(‘p’, OPh), 130.2, 129.1, 128.9 (C-5a, CH,Ph, ‘m’ OPh),
135.4 (“ipso’, CH,Ph), 138.1 (C-6),149.8 (C4),150.2 (‘ipso’,
OPh), 162.1 (C-2),175.7, 174.6 (COOBn).

Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-(para-nitrophenyl-(benzoxy-L-leucinyl)]-phos-
phate (CPF 38)

C,oH,,BNLO,, P, MW=737.49.

O Br

HN)J\/_/
ﬁ O)\N/‘

O

OH

This was synthesised according to Standard procedure 5,
using BVdU (150 mg, 0.45 mmol), para-nitrophenyl-(ben-
zoxy-L-leucinyl)-phosphorochloridate (595 mg, 1.35
mmol), NMI (4.42 mmol, 190 ul.) in THF (5 mL) for 2 hrs.
The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (176 mg, yield 53%).

*'P-NMR (CDCl,, 121 MHz): § 5.72, 4.35.

'H-NMR (CDCl;; 300 MHz): & 10.2 (1H, bs, H-3),
8.1(2H, m, 2H OPh), 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, °J=6 Hz, H1"), 5.15 (2H, 2s, CH,Ph)
4.7-3.9 (6H, m, H-5''H-3', NH, H-4', CHCH,CH(CH,),),
2.55-2.4 (1H, m, one of H-2"), 2.15-2.05 (1H, m, one of
H-2"), 1.7-1.5 (3H, m, CHCH,CH(CH,),), 0.95-0.8 (6H, m,
CHCH,CH(CH,),).

13C-NMR (CDCl,; 75 MHz): & 23.2,23.1,22.0, 21.9 (2C,
CHCH,CH(CHS,),), 24.9, 24.8 (CHCH,CH(CH,),), 40.6
(C-2"), 437, 43.6 (CHCH,CH(CH,),), 53.9, 53.7
(CHCH,CH(CH.,),), 66.9 (C-5"), 67.9 (CH,Ph), 71.2, 70.8
(C-3", 85.8, 85.3, 85.2 (C-1', C-4"), 110.6 (C-5b), 111.9
(C-5), 121.3 (‘o’ OPh), 129.2, 129.1, 128.8, 126.2 (C-5a,
CH,Ph, ‘m’ OPh), 135.4, 135.3 (“ipso’, CH,Ph), 138.2
(C-6), 145.2, 145.1 (“ipso’, OPh), 149.9 (C-4), 155.5 (‘p’, O
Ph), 162.1 (C-2), 174.2 (COOBn).
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Synthesis of (E)-5-(2-Bromovinyl)-2'-deoxyuridine-
S'-[para-chlorophenyl-(benzoxy-L-leucinyl)]-phos-
phate (CPF 39)

C,,H,.,BrCIN,O,P, MW=726.94.

O Br

O

OH

This was synthesised according to Standard procedure 3,
using BVdAU (150 mg, 0.45 mmol), para-chlorophenyl-
(benzoxy-L-leucinyl)-phosphorochlonidate (381 mg, 1.35
mmol), NMI (4.42 mmol, 190 ul.) in THF (5 mL) for 2 hrs.
The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 97:3 to give the pure product
as a white foamy solid (221 mg, yield 68%).

*'P.NMR (CDCl,, 121 MHz): 8 5.27, 4.76.

'H-NMR (CDCl,; 300 MHz): & 10. 25-10.15 (1H, bs,
H-3), 7.65 (1H, 2xs, H-6), 7.45 (1H, 2d, °J=14 Hz, H-5b),
7.4-7.15 (9H, m, CH Ph+OJh 6.7 (lH,, 2d, 3]1=14 Hz,
H-5a), 6.35-6.2 (1H, 2t, °J=6 Hz, H1"), 5.15 (2H, 2s, CH,Ph)
4.55-3.9 (6H, m, H-5', H-3', N'{ H-4', CHCH CH(CH3)2)
2.5-2.4 (1H, m, oneofH 2) 2.15- 20(1H m, one of H-2"),
1.7-1.45 (3H, m, CHCH,CH(CH,),), 0.94-0.82 (6H, m,
CHCH,CH(CH,),).

C-NMR (CDCl,; 75 MHz): 8 23.1, 23.0,22.2, 22.0 (2C,
CHCH,CH(CH,),), 24.9, 247 (CHCH,CH(CH,),), 40.7
(C-2"), 439, 438 (CHCH,CH(CH,),), 53.9, 33.7
(CHCH,CH(CH,),), 66.7, 66.3 (C-5"), 67.8 (CH,Ph), 71.1,
70.7 (C-3"), 85.8,85.7,85.4 (C-1', C-4"), 110.5 (C-5b), 111.9
(C-5),122.1, 122.0 (‘o’, OPh), 130.2, 129.1, 129.0 (C-5a,
CH,Ph, ‘m” OPh), 131.1, 130.9 (*p’, OPh), 135.5, 1354
(‘ipso’, CH,Ph), 138.2 (C-6), 149.2, 149.1 (‘ipso’, OPh),
149.2, 149.1 (C-4),162.2 (C-2), 174.2, 174.2 (COOBn).

Synthesis of Gemcitabine-[phenyl-(benzoxy-L-al-
aninyl)]-phosphate

C,.H,.F,N,O,P, MW=580.47 (CPF 31).
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This was synthesised according to Standard procedure 5,
using gemcitabine (131 mg, 0.5 mmol), Phenyl-(benzoxy-
L-alaninyl)-phosphorochloridate (329 mg, 1.5 mmol), NMI
(4.42 mmol, 300 ul) in THF/pyridine (4/2 mL) for 2 hrs.
The crude product was purified by column chromatography,
cluting with CH,Cl,/Methanol 95:5 to give the pure product
as a white foamy solid (46 mg, vield 16%).

*'P-NMR (MeOD, 121 MHz): & 5.05, 4.94.

"H-NMR (MeOD, 300 MHz): & 7.6-7.5 (1H, 2d, °J=7 Hz
H-6), 7.4-7.2 (10H. m, OPh+CH,Ph), 6.25 (1H, m, H-1"),
5.95 (1H, 2d, °J=7 Hz, H-5), 5.19 (1H, 2s, CH,Ph), 4.55-
4.1(3H, m, H-3', H-4', CHala), 4.05 (2H, m, H-5"), 1.20 (3H,
2t, °J=6 Hz, CH,ala).

3C.NMR (MeOD, 75 MHz): § 20.8, 20.7 (CH,ala), 52.2,
52.0 (CHala), 66.1 (C-5"), 68.4 (CH,Ph), 71.9, 71.3 (C-3"),
80.6 (C-4"), 85.9 (C-1"), 97.1 (C-5), 121.8, 121.6 (‘0’, OPh),
123 (C-2", 126.2 (‘p’, OPh), 131.8, 130.0, 129.7 (‘m’ OPh,
Bn), 137.9(‘ipso’, CH,Ph), 142.7, 142.6 (C-6), 152.5, 152.4
(‘ipso’, OPh), 158.2 (C-2), 168.0 (C-4), 175.3, 174.9
(COOBD).

Synthesis of Gemcitabine-[para-chlorophenyl-(ben-
zoxy-L-alaninyl)]-phosphate

C,.H,.CIF,N,O.,P, MW=614.92 (CPF 40).

v P

NH b

BnO
T oow

O

This was synthesised according to Standard procedure 5,

using gemcitabine (131 mg, 0.5 mmol), para-chlorophenyl-
(benzoxy-L-alaminyl)-phosphorochlornidate (382 mg, 1.5
mmol), NMI (4.42 mmol, 300 uL.) in THF/pyridine (4/2 mL)
for 2 hrs.

chromatography, eluting with CH,Cl,/Methanol 95:5 to give
the pure product as a white foamy solid (76 mg, vield 25%).

*'P-NMR (MeOD, 121 MHz): & 5.08.

"H-NMR (MeOD, 300 MHz): & 7.65 (1H, 2d, °J=7 Hz
H-6), 7.5-7.2 (9H. m, OPh+CH.Ph), 6.2 (1H, m, H-1'), 5.9
(1H. 2d, *]=7 Hz, H-5), 5.12 (1H, 2s. CH,Ph), 4.6-4.1 (3H.,
m, H-3', H-4', CHala), 4.05 (2H, m, H-5"), 1.45-1.35 (3H, 2t,
*J=6 Hz, CH.ala).

13C.NMR (MeOD, 75 MHz): § 20.9, 20.7 (CH,ala), 52.2.
52.0 (CHala), 66.4, 66.2 (C-5"), 68.5 (CH,Ph), 71.5 (C-3"),
80.7 (C-4"), 86.4 (C-1"), 97.2 (C-5), 123.5 (‘0’, OPh), 126.9
(C-2"), 131.2, 130.6, 130.3 (‘m’ OPh, Bn), 131.9 (‘p’, OPh)
137.5 (‘ipso’, CH,Ph), 142.8, 142.7 (C-6), 151.4, 151.0
(“ipso’, OPh), 1582 (C-2),166.9 (C-4), 175.1, 174.9
(COOB).

The crude product was purified by column
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Synthesis of Gemcitabine-[para-chlorophenyl-(ben-
zoxy-a,a-dimethylglycinyl)]-phosphate (CPF 41)

C,.H,.CIF,N,O.P, MW=628.95.

N

NH b

BnO\ﬂ/T

O

This was synthesised according to Standard procedure 3,
using gemcitabine (131 mg, 0.5 mmol), para-chlorophenyl-
(benzoxy-o,c-dimethylglycinyl)-phosphorochlornidate (603
mg, 1.5 mmol), NMI (4.42 mmol, 300 uL.) in THF/pyrnidine
(4/3 mL) for 2 hrs. The crude product was purified by
column chromatography, eluting with CH,Cl,/Methanol
95:5 to give the pure product as a white foamy solid (163
mg, vield 52%).

*'P.NMR (MeOD, 121 MHz): § 3.56, 3.52.

'H-NMR (MeOD, 300 MHz): & 7.55 (1H, 2d, °J=7 Hz,
H-6), 7.4-7.15 (9H. m, OPh+CH,Ph), 6.25 (1H, m, H-1"),
5.85 (1H, 2d, °J=7 Hz, H-5), 5.15 (1H, 2s, CH,Ph), 4.55-4.1
(3H, m, H-3', H-4"), 4.05 (2H, m, H-5"), 1.50 (6H, m, >J=6
Hz, 2CH,dimethygly).

PC-NMR (MeOD, 75 MHz): § 28.2, 28.0 (CH, dim-
cthygly), 38.6 (Cq dimethygly), 66.2, 66.1 (C-3'), 66.7
(CH,Ph), 71.5 (C-3"), 80.6 (C-4"), 86.4 (C-1"), 97.0 (C-3),
123.9,123.6 (‘0’, OPh), 127.3 (C-2"), 130.0, 129.7 (*‘m’ OPh,
Bn), 131.8 (*p’, OPh), 137.6 (‘ipso’, CH,Ph), 142.8, 142.7
(C-6), 151.2, 151.1 (“ipso’, OPh), 158.1 (C-2), 167.9 (C-4),
176.8, 176.7 (COOBnN).

Synthesis of
Phenyl-(methoxy-L-alaninyl)-phosphorochloridate

C,.H,,CINO,P, MW=277.64.

< %O_T_m

MeQ

This 1s synthesised according to Standard procedure 4,

using L[-alanine methyl ester hydrochlonde (2 g, 14.3
mmol), phenyldichlorophosphate (3.02 g, 2.14 ml, 14.3

mmol), and TEA (2.9 g, 4.0 ml, 28.7 mmol) 1n DCM (60
mL), to yield 3.91 g (98%) of crude product used without

turther punfication.
*'P-NMR (CDCl,, 121 MHz): 8 9.28, 8.97.

"H-NMR (CDCl,; 300 MHZ) 0 7.39-7.34 (2H, m, ‘0’ O
Ph), 7.29-7.20 (2H, m ‘m+p’ OPh), 4.98 (1H, bs, NH),
4.27-4.09 (1H, m, CHala), 3.78 (3H, s, OCH,), 1.52-1.49
(3H, 2xd, °J=7 Hz, CH,ala).
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BC.NMR (CDCly; 75 MHz): & 20.9 (CH,ala), 51.0
(CHala), 53.6 (OCH,), 120.9 (‘0’OPh), 126.4 (‘p’, OPh),
130.2 (‘m’, OPh), 150.1 (‘ipso’, OPh), 173.6(COOCH,).

Synthesis of 5
Phenyl-(ethoxy-L-alaminyl)-phosphorochloridate

C,,H,.CINO,P, MW-291.67.

10

U

EtO

O
I
I" Cl
N

H

20
This 1s synthesised according to Standard procedure 4,

using L-alanine ethyl ester hydrochloride (770 mg, 5.01
mmol), phenyldichlorophosphate (1.12 g, 5.01 mmol, 749
ul), and TEA (1.4 mL, 10.02 mmol) in DCM (40 mL). The
crude was purified by flash chromatography (ethyl acetate/
petroleum ether 7:3) aflording 1.02 (69%) of oil.

*'P-NMR (CDCl,, 121 MHz): § 9.49, 9.07.

"H-NMR (CDCl,; 300 Miz) 0 7.39-7.34 (2H, m,’0” O
Ph), 7.29-7.20 (2H, m, ‘m+p’ OPh), 4.95 (1H, bs, NH,
4.3-4.1 3H, m, OCH,CH,, CHala), 1.50 (3H, 2xd, °J=7 Hz,
CH.ala), 1.30 (3H, t, °J=7.1 Hz, OCH,CH,).

13C-NMR (CDCl;; 75 MHz): ¢ 14.5 (CH,CH,), 20.9
(CH,ala), 51.0 (CHala), 62.6 CH,CH,), 120.9 (o’ OPh),
126.5 (*p’, OPh), 130.1 (‘m’, OPh), 150.1 (“ipso’, OPh),
175.1 (COOCH,CH,).
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Synthesis of
Phenyl-(benzoxy-L-alaninyl)-phosphorochloridate

C, H,,CINO,P, MW=353.74. 0

O

|
)

NH

45

BnO
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This 1s synthesised according to Standard procedure 4,
using L-alanine benzyl ester hydrochloride (1.0 g, 4.64
mmol), phenyl-dichlorophosphate (980 mg, 0.69 ml, 4.64
mmol), and TEA (0.94 g, 1290 uLL, 9.27 mmol) in DCM (40
mlL). The crude was purified by flash chromatography (ethyl
acetate/petroleum ether 6:4) affording 1.61 (98%) of oil.

*IP-NMR (CDCl,, 121 MHz): § 9.41, 9.23.

"H-NMR (CDCl,; 300 MHz): § 741-7 21 (10H, m, O
Ph+CH,Ph), 5.24 (2H, s, CH,Ph), 4.95-4.88 (1H, bs, NH),
4.36-4.15 (1H, m, CHala) 1.52-1.49 (3H, 2xd, °J=7 Hz, C
H,ala).

13C-NMR (CDCl;; 75 MHz): ¢ 20.8 (CHsala), 31.1 (C
Hala), 68.0 (CH,Ph), 121.0 (*o” OPh), 126.4 (‘p’, OPh),
130.3, 129,0, 128.7 (*‘m’OPh, CH,Ph), 133.5 (‘ipso’,
CH,Ph), 150.2 (*1pso’, OPh), 172.9 (COOCH,Ph).
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Synthesis of p-nitrophenyl-(methoxy-L-alaninyl)-
phosphorochloridate

C,.H,,CIN,O P, MW=322.64.

O

{\ %o_l‘a_m

MeO

This 1s synthesised according to Standard procedure 4,
using L-alanine methyl ester hydrochloride (0.70 g, 5.01
mmol), p-nitrophenyldichlorophosphate (1.362 g, 5.01
mmol), and TEA (1.4 ml, 10 mmol) in DCM (40 mL), to
yield 1.60 g (99%) of crude product used without further
purification.

*'P-NMR (CDCl,, 121 MHz): § 9.13, 9.03.

'H-NMR (CDCl,; 300 MHz): & 8.1 (2H, 2d, ]=8 Hz, O
Ph), 7.3 (2H, 2d, 3J=8 Hz, OPh), 5.0 (1H, bs, NH), 4.1 (1H,
m, CHala), 3.75 (3H, s, OCH,), 1.5-1.45 (3H, m, CH,ala).

3C-NMR (CDCls; 75 MHz): § 20.8, 20.7 (CH,ala), 51.1,
50.9 (CHala), 53.2, 53.2 (OCH,), 121.8, 121.6 (‘0> OPh),
126.5 (‘m’, OPh), 145.7 (‘ipso’, OPh), 154.7, 154.6 (‘p’
OPh), 173.4, 173.2 (COOCH,).

Synthesis of p-nitrophenyl-(ethoxy-L-alaninyl)-
phosphorochlonidate

C,,H,.,CIN,O.P, MW=336.67.

)

EtO

Z—o=0

This 1s synthesised according to Standard procedure 4,
using L-alanine ethyl ester hydrochloride (770 mg, 5.01
mmol), p-nitrophenyldichlorophosphate (1.362 g, 5.01
mmol), and TEA (1.4 mL, 10.02 mmol) 1n DCM (40 mL),
to yield 1.64 g (98%) of crude product used without further
purification.

*'P-NMR(CDCl,, 121 MHz): & 9.06, 8.81.

'H-NMR (CDCl,; 300 MHz): & & 8.1 (2H, m, OPh), 7.4
(2H, m, OPh), 4.9-4.7 (1H, bs, NH), 4.3-4.1 (3H, m, OC

H,CH,, CHala), 1.55-1.45 (3H, 2xd, >J=7 Hz, CH,ala), 1.40

(3H, t, =7 Hz, OCH,CH,).

BC.NMR (CDCl,; 75 MHz): & 14.5 (CH,CH,), 21.1,
20.9 (CH,ala), 51.2, 51.0 (CHala), 62.6_CH,CH,), 121.7,
1213 (‘o’ OPh), 126.2, 126.0 (‘m’, OPh), 145.7 (‘ipso’,
OPh), 154.5 (‘p’, OPh), 173.4, 173.3 (COOCH,CHS,).
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Synthesis of p-nitrophenyl-(benzoxy-L-alaninyl)-
phosphorochloridate

C, .H,.CIN,O P, MW=398.04.

O

{\ %o_l‘a_a

BnO

This 1s synthesised according to Standard procedure 4,
using L-alamine benzyl ester hydrochloride (1.08 g, 5.01
mmol), para-nitrophenyl-dichloro phosphate (1.362 g, 5.01
mmol), and TEA (1.4 mL, 1.4 mmol) in DCM (40 mL), to
yield 1.85 g (93%) of crude product used without further
purification.

*'P-NMR (CDCl,, 121 MHz): 8 9.15, 9.06.

'H-NMR (CDCl,; 300 MHz): § 8.15 (2H, m, OPh), 7.45
(2H,m, OPh), 7.35-7.25 (5H, m, CH,Ph), 5.2 (2H, 2s,

CH,Ph), 5.00 (1H, bs, NH) 4.2 (1H, m, CHala), 1.64 (3H,
2xd, J=7 Hz, CH,ala).

I3C.NMR (CDCl,; 75 MHz): & 20.8 (CHaala), 51.1
(CHala), 68.0 (CH,Ph), 121.4 (‘0’ OPh), 126.1 (‘m’OPh),
130.3, 129.0 (CH,Ph), 145.7 (‘ipso’, CH,Ph), 150.2 (‘ipso’,
OPh), 154.6 (‘p’, OPh), 172.9 (COOCH,Ph).

Synthesis of p-fluorophenyl-(methoxy-L-alaninyl)-
phosphorochloridate

C,,H,,CIFNO,P, MW=295.63.

O

{\ /}o_l‘a_m

MeQ

This 1s synthesised according to Standard procedure 4,
using L-alanine methyl ester hydrochloride (0.70 g, 5.01
mmol), p-fluorophenyldichlorophosphate (1.210 g, 5.01
mmol), and TEA (1.4 ml, 10 mmol) in DCM (40 mL). The
crude was purified by flash chromatography (ethyl acetate/
petroleum ether 7:3) aflording 1.11 g (75%) of oil.

*'P-NMR (CDCl,, 121 MHz): 8 9.98, 9.96.

'H-NMR (CDCl,; 300 MHz): 8 7.1 (2H, m, OPh), 6.95
(2H, m, OPh), 5.0 (1H, bs, NH), 4.25-4.1 (1H, m, CHala),
3.78 (3H, 2s, OCH,), 1.55 (3H, m, CH,ala).

3C.NMR (CDCls; 75 MHz): 8 20.8 (CH,ala), 51.1, 50.9
(CHala), 53.3 (OCH,), 117.1, 117.0 (‘0> OPh), 122.6, 122.5
(‘m’, OPh), 146.0 (‘ipso’, OPh), 159.1, 159.0 (‘p’, OPh).
173.4, 173.2 (COOCHS,).
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Synthesis of p-tluorophenyl-(ethoxy-L-alaninyl)-
phosphorochloridate

C,,H,,CIFNO,P, MW=309.66.

O

{\ />_O_T_c1

EtO

This 1s synthesised according to Standard procedure 4,
using L-alanine ethyl ester hydrochloride (770 mg, 5.01

mmol), p-fluorophenyldichlorophosphate (1.210 g, 5.01
mmol), and TEA (1.4 mL, 10.02 mmol) 1n DCM (40 mL).
The crude was purified by flash chromatography (ethyl

acetate/petroleum ether 7:3) affording 1.07 (69%) of oil.
*'P-NMR (CDCl,, 121 MHz): & 10.04, 9.95.

'H-NMR (CDCl,; 300 MHz): 8 7.1 (2H, m, OPh), 6.95
(2H, m, OPh), 5.0 (1H, bs, NH), 4.25-4.1 (3H, m, OC
H,CH,, CHala), 1.55 (3H, m, CH,ala), 1.40 (3, t, >J=7 Hz,
OCH,CH,).

BC.NMR (CDCl,; 75 MHz): & 14.5 (CH,CH,), 21.1,
21.0 (CH,ala), 51.2, 51.1 (CHala), 62.6_CH,CH.,), 117.3
‘0’0OPh), 122.2, 122.0 (‘m’, OPh), 145.9, 145.8 (‘ipso’.
OPh), 159.0 (‘p’, OPh), 173.6, 173.5 (COOCH,CHS,).

Synthesis of p-fluorophenyl-(benzoxy-L-alaninyl)-
phosphorochloridate

C, H, .CIFNO,P, MW=371.73.

O

{\ %O_T_a

BnO

This 1s synthesised according to Standard procedure 4,
using [-alanine benzyl ester hydrochloride (1.08 g, 5.01
mmol), para-fluorophenyl-dichloro phosphate (1.210 mg,
5.01 mmol), and TEA (1.4 mL, 1.4 mmol) in DCM (40 mL).
The crude was purified by flash chromatography (ethyl
acetate/petroleum ether 7:3) affording 1.599 (86%) of oil.

*'P-NMR (CDCl,, 121 MHz): § 9.15, 9.06.

"H-NMR (CDCl;; 300 MHz): § 7.35-7.25 (5H, m, CH,
Ph), 7.1 (2H, m, OPh), 6.95 (2H, m, OPh), 5.2 (2H, 2s,
CH,Ph), 5.00 (1H, bs, NH), 4.25-4.1 (1H, m, CHala), 1.55
(3H, m, CH,ala).

13C-NMR (CDCl,; 75 MHz):  20.8 (CH,ala), 51.1, 51.0
(CHala), 68.1 (CH,Ph), 117.0, 116.9 (‘o> OPh), 122.6
(‘m’OPh), 130.3, 129.0 (CH,Ph), 135.7 (‘ipso’, CH,Ph).
146.1, 146.0(‘ipso’, OPh), 158.9 (‘p’, OPh), 173.1
(COOCH,,Ph).
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Synthesis of 4-(tritfluoromethyl)-phenyl-(methoxy-
L-alaninyl)-phosphorochloridate

C,,H,,CIF,NO,P, MW=345.64.

O

|
0O Cl—I"—O CF;

NH

This 1s synthesised according to Standard procedure 4,
using L-alanine methyl ester hydrochloride (1.0 g, 7.16

mmol), 4-(trifluoromethyl)-phenyl-phosphodichloridate
(1.998 g, 7.16 mmol), and TEA (1.449 g, 14.32 mmol, 1916
ul) mn DCM (30 mL), to vield 2.202 g (89.0%) of crude

product used without further purification.

*'P-NMR (CDCl,, 121 MHz): & 9.36, 9.22.

'H-NMR (CDCl,; 300 MHz): 8 7.66 (2H, d, 3]J=8.1 Hz,
OPh), 7.44-7.33 (2H, m, OPh), 5.10 (1H, bs, NH), 3.81-3.78
(3H, 2s, CH,0), 3.77-3.68 (1H, m, CH,CH), 1.56-1.52 (3H,
m, CHCH,).

13C-NMR (CDCl,; 75 MHz): & 20.6, 20.7 (CH,CH), 50.9,
51.1 (CHCH,), 53.2 (CH,0), 121.4 (‘0’, OPh), 124.1 (CF,,
1=270 Hz), 128.0 (‘m’, OPh). 128.6 (‘p’, 1=34 Hz), 1524,
152.6 (“ipso’, OPh), 173.4, 173.5 (COOCH.,).

Synthesis of 4-(trifluoromethyl)-phenyl-(ethoxy-L-
alaninyl)-phosphorochlornidate

C,,H,,CIF,NO,, MW=359.67.

O

|
0 Cl—I"—O CF;

NH

NG

This 1s synthesised according to Standard procedure 4,
using L-alanine ethyl ester hydrochloride (1.0 g, 6.50

mmol), 4-(trifluoromethyl)-phenyl-phosphodichloridate
(1.813 g, 6.50 mmol), and TEA (1.316 g, 13.00 mmol, 1740

ul) m DCM (30 mL), to vield 2.150 g (92.2%) of crude
product used without further purification.

*'P.NMR (CDCl,, 121 MHz): § 9.33, 9.28.

'H-NMR (CDCl,; 300 MHz): § 7.70 (2H, d, *J=8.2 Hz,
OPh), 7.46-7.39 (2H, m, OPh), 4.78 (1H, bs, NH), 4.33-4.17
(3H, m, CH,CH,0+CHCHS,), 1.59-1.55 (1H, m, CHCH.),
1.56-1.52 (3H, m, CH,CH,).

13C.NMR (CDCl,; 75 MHz): & 14.5 (CH,CH,0), 20.8,
20.9 (CH,CH), 50.3, 50.9 (CHCH,), 62.3, 62.5 (CH,
CH,O), 121.4 (‘0’, OPh), 124.1 (CF,, J=270 Hz), 127.7
(‘m’, OPh), 128.7 (‘p’, J=33 Hz), 152.4 (“ipso’, OPh), 172.9
(COOCH,CH,).
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Synthesis of p-trifluorophenyl-(benzoxy-L-alani-
nyl)-phosphorochloridate

C,.H, CIF,NO,P, MW=421.73.

O

m{\_%o_ﬂ_m

NH

BHO\”/\

O

This 1s synthesised according to Standard procedure 4,
using L-alanine benzyl ester hydrochloride (1.08 g, 5.01

mmol), para-trifluorophenyl-dichloro phosphate (1.490 mg,
5.01 mmol), and TEA (1.4 mL, 1.4 mmol) 1n DCM (40 mL).
The crude was purified by flash chromatography (ethyl

acetate/petroleum ether 6:4) affording 1.80 (85%) of oil.
*'P-NMR (CDCl,, 121 MHz): § 9.11, 8.84.

" NMR (CDCl,; 300 MHz): & 7.65 (2H, m, OPh), 7.4-7.2
(7H, m, CH,Ph+2H OPh), 5.25 (2H, 2s, CH,Ph), 4.75-4.55
(1H, bs, NH), 4.25-4.1 (1H, m, CHala), 1.60-1.55 (3H, 2d,
J=7 Hz, CH,ala).

3C.NMR (CDCl,; 75 MHz): 8 20.9 (CH,ala), 51.3, 51.0
(CHala), 68.2, 68.1 (CH,Ph), 121.4, 120.9 (‘0’, OPh), 125.2
(d, J=270 Hz, CF,), 126.6 (‘m’, OPh), 129.1, 128.8, 127.8
(Bn), 130.0 (*p’,q, J=32 Hz, OPh), 135.4 (‘ipso’, CH,Ph),
153.0 (‘ipso’, OPh), 172.8 (COOCH,Ph).

Synthesis of 4-chlorophenyl-(methoxy-L-alaninyl)-
phosphorochlorndate

C,.H,,CI,NO,P, MW=312.09.

I -
O CI—I"—O \ /

Cl

NH

This 1s synthesised according to Standard procedure 4,
using [-alanine methyl ester hydrochloride (1.0 g, 7.16
mmol), 4-chlorophenylphosphorodichlondate (1.757 g, 7.16
mmol), and TEA (1.449 g, 14.32 mmol, 1995 uL) in DCM
(30 mL), to yield 1.621 g (72.5%) of crude product used

without further purification.
*'P-NMR (CDCl,, 121 MHz): § 9.36, 9.07.

'H-NMR (CDCl,; 300 MHz): & 7.35-7.15 (4H, m, OPh),
4.48-4.36 (1H, bs, NH), 4.22-4.04 (1H, m, CHCH,), 3.76-
3.74 (3H, 2s, CH,0), 1.49-1.46 (3H, m, CHCH,.

3C-NMR (CDCl,; 75 MHz): § 21.0 (CH,CH), 50.8, 51.1
(CHCH,), 53.4 (CH,0), 121.9, 122.1, 122.3, 122.4 (‘0’, O
Ph), 130.6, 130.4, 130.2 (‘m’, OPh), 132.0 (‘p’, OPh), 148.6
(‘ipso’, OPh), 173.5 (COOCH.,).
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Synthesis of 4-chlorophenyl-(ethoxy-L-alaninyl)-
phosphorochloridate

C,,H,,CL,NO,P, MW=326.11.

O
|

O Cl

NG

|
NH

This 1s synthesised according to Standard procedure 4,
using L-alanine ethyl ester hydrochloride (1.000 g, 6.50
mmol), 4-chlorophenylphosphorodichloride (1.595 g, 6.50
mmol), and TEA (1.315 g, 13.00 mmol, 1810 ulL) in DCM
(20 mL), to vield 1.794 mg (vield 84.7%) of product.

*'P-NMR (CDCl,, 121 MHz): & 9.54, 9.25.

'H-NMR (CDCl,; 300 MHz): 8 7.44-7.21 (4H, m, OPh),
4.59 (1H, bs, NH), 4.33-4.13 (3H, m, OCH,CH,+CHCH,),
1.57-1.56 (3H, m, CH,CH), 1.43-1.21 (3H, m, OCH,CH,).

I3C.NMR (CDCl,; 75 MHz): 8 14.5, 14.6 (OCH,CH,).
21.0, 21.5 (CH,CH), 50.9, 51.2 (CHCH,), 62.4, 62.5 (O
CH,CH,), 122.04, 122.3, 122.4 (‘0’, OPh), 130.4 (‘m’, O
Ph), 131.9 (‘p’, OPh), 148.5, 148.6 (‘ipso’, OPh), 173.0,
173.1 (COOCH,CH.).

Synthesis of 4-nitrophenyl-(benzyl-2-amino-2-meth-
ylpropanoate)-phosphorochloridate

C, H,.CL,NO,P, MW=388.18.

O

I
O Cl I"' O
NH

\/\o
P

This 1s synthesised according to Standard procedure 4,

using L-alanine benzyl ester hydrochlornide (1.000 g, 4.63
mmol), 4-chlorophenylphosphodichloride (1.136 g, 4.63

mmol), and TEA (937.0 mg, 9.26 mmol, 1290 ul.) in DCM

(40 mL), to yield 1534 mg (yield 86.5%) of crude product
used without further purification.

*'P-NMR (CDCl,, 121 MHz): 3 9.43, 9.16.

'"H-NMR (CDCl,; 300 MHz): & 7.42-7.08 (9H, m, O
Ph+CH,Ph), 5.19 (2H, s, CH,Ph), 4.61-4.54 (1H, bs, NH),
4.26-4.10 (1H, m, CHCH,), 1.42-1.38 (3H, m, CH,CH).

13C.NMR (CDCl,; 75 MHz): 8 20.9, 21.0 (CH,CH), 51.0,
51.2 (CHCH,), 68.1, 68.2 (OCH,Ph), 122.3, 122.4 (‘0’, O
Ph), 128.8, 129.1, 130.4 (‘0’, ‘m’, ‘p’, CH,Ph+OPh), 131.9
(‘ipso’, CH,Ph), 135.3 (‘p’, OPh), 148.5 (‘ipso’, OPh).
172.7, 172.8 (COOCH,Ph).
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Synthesis of phenyl-(methyl-2-amino-2-methylpro-
panoate)-phosphorochloridate

C,,H, .CINO,P, MW=291.67.

O CI—I"—O \

NH

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate methyl ester hydrochloride (383.5
mg, 3.75 mmol), phenyl dichlorophosphate (791.1 mg, 3.75,
560 ul.), and TEA (758.9 mg, 7.5 mmol, 1045 uL) in DCM
(20 mL), to yield 1.041 g (95.2%) of crude product used

without further purification.
*'P-NMR (CDCl,, 121 MHz): § 6.99 (s).

'H-NMR (CDCl,; 300 MHz): 8 7.41-7.17 (5H, m, OPh),
4.98 (1H, bs, NH), 3.80 (3H, s, OCH,), 1.71-1.69 (6H, 2s,
[CH;],C).

BC.NMR (CDCly; 75 MHz): & 27.3, 27.2, 27.0
([CH,],C), 53.6 (OCH,), 58.8 (C[CH,],), 120.0, 121.1 (‘0’
OPh), 126.2 (“p’, OPh), 130.3 (‘m’, OPh) 145.7 (‘p’, OPh),
150.2, 150.3 (‘ipso’, OPh), 175.6, 175.7 (COOCH.).

Synthesis of phenyl-(ethyl-2-amino2-methylpro-
panoate)-phosphorochloridate

C,,H,.,CINO,P, MW=305.69.

I
O Cl I" O
N

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate ethyl ester hydrochloride (628.6
mg, 3.75 mmol), phenyl dichlorophosphate (791.1 mg, 3.75,
560 ul.), and TEA (758.9 mg, 7.5 mmol, 1045 ul.) in DCM
(20 mL), to yield 1.018 g (88.8%) of crude product used

without further purification.
*'P-NMR (CDCl,, 121 MHz): 8 7.02 (s)

'H-NMR (CDCl,; 300 MHz): & 7.23-7.37 (5H, m, OPh),
4.98 (1H, bs, NH), 4.24 (2H, q, *J=7.1 Hz, OCH,CH.), 1.70,
1.68 (6H, 2s, [CH,],C), 1.30 (3H, t, *J=7.1 Hz, OCH,CH.).

3C-NMR (CDCl,; 75 MHz): § 14.5 (CH,CH,0), 27.3,
26.9 ([CH,],C), 58.7 (C[CH,],). 62.7 (OCH,CH,), 121.1,
121.0 (‘0’, OPh), 127.6 (‘p’, OPh), 130.7 (‘m’, OPh), 150.4
(‘ipso’, OPh), 175.2, 175.1 (COOCH,CH,).
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Synthesis of phenyl-(benzyl-2-amino-2-methylpro-
panoate)-phosphorochloridate

C,.H,,CINO,P, MWV=367.76.

A0

NH

‘ X N0
ya

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate benzyl ester hydrochloride (861.4
mg, 3.75 mmol), phenyl dichlorophosphate (791.1 mg, 3.75,
560 ul), and TEA (758.9 mg, 7.5 mmol, 1045 uL) in DCM
(30 mL). The crude was purified by flash chromatography

(ethyl acetate/petroleum ether 6:4) aflording 580 mg
(42.2%) of oil.

3IP.NMR (CDClL,, 121 MHz): § 6.79 (s)

'H-NMR (CDCl,; 300 MHz): 8 7.45-7.27 (10H, m, O
Ph+CH,Ph), 5.28 (2H, s, CH,Ph), 4.81, 4.78 (1H, 2bs, NH),
1.78, 1.75 (6H, 2s, [CH,]C).

13C.NMR (CDCl,; 75 MHz): 8 27.3, 26.9 ([CH,]C), 53.9
(C[CH,],), 60.9 (CH,Ph), 121.0, 126.3, 128.6, 129.0, 129.1,
130.3, 135.5 (OPh, CH,Ph), 135.5 (‘ipso’, CH,Ph), 150.3,
150.2 (“ipso’, OPh), 175.0, 175.2 (COOCH,Ph).

Synthesis of 4-nitrophenyl-(methyl-2-amino-2-
methylpropanoate)-phosphorochloridate

C,,H,,CIN,O.P, MW=336.67.

0 \\ / NO,

O CI

7 — =0

H

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate methyl ester hydrochloride (290.0
mg, 1.89 mmol), 4-nmitrophenylphosphodichloride (483.3
mg, 1.89 mmol), and TEA (382.5 mg, 3.78 mmol, 526.9 uL.)
in DCM (15 mL), to vield 486 mg (vield 76.4%) of crude

product used without further purification.
*'P-NMR (CDCl,, 121 MHz): & 6.61 (s)

'H-NMR (CDCl,; 300 MHz): & 8.25 (2H, d, *J=9.0 Hz,
OPh), 7.43 (2H, d, 3J=9.0 Hz, OPh), 4.91-4.87 (1H, 2bs, N
H), 3.79 (3H, s, OCH.,), 1.69-1.66 (6H, 2s, [CH,],C).

BC.NMR (CDCl,; 75 MHz): & 27.0, 27.1, 273
([CH,1,C), 53.8 (OCHS,), 59.2 (C[CH,],), 121.7, 121.8 (‘0°
OPh), 126.2 (‘m’, OPh), 145.7 (‘p’, OPh), 154.8, 154.7
(‘ipso’, OPh), 175.4, 175.6 (COOCH,).
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Synthesis of 4-nitrophenyl-(ethyl-2-amino-2-meth-
ylpropanoate)-phosphorochloridate

C,.H, CIN,O P, MW=350.69.

O

; _“‘_{\_/>_

NH

e

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate ethyl ester hydrochloride (270.0
mg, 1.61 mmol), 4-nmtrophenylphodichloride (412.3 mg,
1.61 mmol), and TEA (325.8 mg, 3.22 mmol, 448.8 uL.) 1n

DCM (15 mL), to yield 300 mg (vield 88.5%) of crude
product used without further purification.

3IP.NMR (CDCl,, 121 MHz): 8 6.64 (s)

'H-NMR (CDCl,; 300 MHz): § 8.35 (2H, d, *J=9.0 Hz,
OPh), 7.53 (2H, d, 3]=9.0 Hz, OPh), 4.99-4.96 (1H, 2bs, N
H), 4.34 (2H, q, *1=7.1 Hz, OCH,CH,), 1.79-1.76 (6H, 2s,
[CH,],C), 1.40 (3H, t, >J=7.1 Hz, OCH,CH..

BC.NMR (CDCl,; 75 MHz): & 14.5 (OCH,CH,), 27.0,
273 ([CH,],C), 59.1, 59.2 (C[CH.],), 62.9, 63.0 (O
CH,CH,), 121.7, 121.8 (‘0> OPh, 126.2 (‘m’, OPh), 145.7
(‘p’, OPh), 154.7, 154.8 (‘ipso’ OPh), 175.4, 175.6
(CCOOCH,CH,).

Synthesis of 4-mitrophenyl-(benzyl-2-amino-2-meth-
ylpropanoate)-phosphorochloridate

C,.H,,CIN,O.P, MW=412.76.

O

; _“'_{\_}_

O

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate benzyl ester hydrochloride (578
mg, 2.52 mmol), 4-nitrophenylphosphodichloride (645 mg,
2.52 mmol), and TEA (510 mg, 5.04 mmol, 702.5 ulL) 1n

DCM (20 mL), to yield 936 mg (vield 90.0%) of crude
product used without further purification.

3IP.NMR (CDCl,, 121 MHz): 8 6.56 (s)

'H-NMR (CDCl,; 300 MHz): & 8.29 (2H, d, 3J=9.0 Hz,
OPh), 7.47 (2H, d, 3J=9.0 Hz, OPh), 7.40-7.37 (5H, m, CH,
Ph), 5.27 (2H., s, CH,Ph), 5.04-5.01 (1H, 2bs, NH), 1.77-
1.74 (6H, 2s, [CH,],C).

13C.NMR (CDCl,; 75 MHz): 8 27.0, 27.3, ([CH,],C),
59.2 (C[CHs],), 68.5 (OCH,Ph), 121.6, 121.7, 126.2, 128.6,
129.1, (‘o’, ‘m’, *p’, CH,Ph+OPh), 135.7 (‘ipso’, CH,Ph),
145.7 (‘p’, OPh), 154.7, 154.8 (‘ipso’, OPh), 175.8, 175.9
(COOCH,,Ph).
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Synthesis of 4-chlorophenyl-(methyl-2-amino-2-
methylpropanoate)-phosphorochloridate

C,,H,,CL,NO,P, MW=326.11.

O
|
|

0 _;H_o_<\_/}a

o

This 1s synthesised according to Standard procedure 4,

using 2-aminoisobutyrate methyl ester hydrochloride (280.0
mg, 1.82 mmol), 4-chlorophenylphosphodichloride (447.4

mg, 1.82 mmol), and TEA (368.3 mg, 3.64 mmol, 507.3 uL.)
in DCM (20 mL), to yield 554 mg (vield 91.1%) of crude
product used without further purification.

3IP_.NMR (CDCl,, 121 MHz): § 7.05 (s)

'H-NMR (CDCl,; 300 MHz): & 7.38 (2H, d, 3J=9.0 Hz,
OPh), 7.28-7.24 (2H, 2d, 3J=9.0 Hz, OPh), 4.87-4.83 (1H,
2bs, NH), 3.84 (3H, s, OCH,), 1.73-1.71 (6H, 2s, [CH,],C).

BC.NMR (CDCly; 75 MHz): & 27.0, 27.3, ([CH,],C),
53.7 (OCH,), 58.9 (C[CH,],), 122.5 (‘0’, OPh), 129.7 (‘m’,
OPh), 131.8 (‘p’, OPh) 148.7, 148.9 (‘ipso’, OPh), 175.5,
175.7 (COOCHS,).

Synthesis of 4-chlorophenyl-(ethyl-2-amino-2-meth-
ylpropanoate)-phosphorochloridate

C,,H, .CLLNO,P, MW=340.14.

| o
O CI—I"—O \ /

Cl

NH

NG

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate ethyl ester hydrochloride (293.4
mg, 1.75 mmol), 4-chlorophenylphosphodichloride (430.0
mg, 1.75 mmol), and TEA (354.2 mg, 3.50 mmol, 488.0 uL.)

in DCM (15 mL), to yield 371.7 mg (vield 96.1%) of crude
product used without further purification.

3IP_NMR (CDCl,, 121 MHz): § 7.09 (s)

'H-NMR (CDCl,; 300 MHz): & 7.38 (2H, d, 3J=9.1 Hz,
OPh), 7.26 (2H, d, °J=9.1 Hz, OPh), 4.88-4.84 (1H, 2bs, N
H), 4.29 (2H, q, 3J=7.1 Hz, OCH,CH,), 1.74-1.70 (6H, 2s,
[CH,]C), 1.35 (3H, t, 3J=7.1 Hz, OCH,CH,).

3C.NMR (CDCl,; 75 MHz): & 14.5 (OCH,CH,), 27.0,
273 ([CH,],C), 58.9 (C[CH,],), 62.8 (OCH,CH,), 122.5
(‘0’, OPh), 130.4 (‘m’, OPh), 131.8 (‘p’, OPh), 148.7, 148.8
(“ipso’, OPh), 175.1, 175.3 (COOCH,CH,).
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Synthesis of 4-chlorophenyl-(benzyl-2-amino-2-
methylpropanoate)-phosphorochloridate

C,.H,,ClLNO,P, MW=402.21.

I
O Cl I"
N

H

X 0
P

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate benzyl ester hydrochloride (402.0
mg, 1.75 mmol), 4-chlorophenylphosphodichloride (430
mg, 1.75 mmol), and TEA (354.2 mg, 3.50 mmol, 488.0 uL.)
in DCM (15 mL), to yield 657.9 mg (yield 93.5%) of crude

product used without further purification.

*'P-NMR (CDCl,, 121 MHz): § 7.00 (s)

"H-NMR (CDCl;; 300 MHz): § 7.39-7.12 (9H, m, CH,
Ph+OPh), 5.18 (2H, s, CH,Ph), 4.75-4.72 (1H, 2bs, NH),
1.68-1.65 (6H, 2s, [CH,],C).

C-NMR (CDCl,; 75 MHz): & 27.0, 27.3, (JCH,],C),

59.0 (C[CH,],), 68.4 (OCH,Ph), 122.5, 128.6, 129.1, 130.7
(‘0’, ‘m’, ‘p’, CH,Ph+OPh), 131.8 (‘p’, CH,Ph), 135.4 (‘p’,

OPh), 148.6, 1487 (‘ipso’, OPh), 174.9, 175.1
(COOCH,Ph).

Synthesis of 4-(trifluoromethyl)-phenyl-(benzyl-2-
amino-2-methylpropanoate)-phosphorochloridate

C,.H,,CIF,NO,P, MW=435.76.

O

; _“‘_%\_%

NH

This 1s synthesised according to Standard procedure 4,
using 2-aminoisobutyrate benzyl ester hydrochloride (341.0
mg, 1.49 mmol), 4-(trifluoromethyl)-phenyl-phosphodi-
chloridate (414.3 mg, 1.49 mmol), and TEA (300.5 mg, 2.97

mmol, 413.9 ul) in DCM (15 mL), to yield 623.9 mg
(96.4%) of crude product used without further purification.

13p_.NMR (CDCl,, 121 MHz): & 6.74 (s)

'H-NMR (CDCl,; 300 MHz): & 7.66 (2H, d, >]=8.8 Hz,
OPh), 7.42-7.30 (7H, m, OPh+CH,Ph), 5.25 (2H, s, CH,Ph),
4.95-4.91 (1H, 2bs, NH), 1.75-1.72 (6H, 2s, (CH,],C).

I3C.NMR (CDCl,; 75 MHz): & 26.9, 27.0, 27.3
([CH,],C), 59.1 (C[CH,],), 68.4 (CH,Ph), 121.1, 121.4,
127.7, 128.4, 128.5, 128.6, 128.9 (‘0’, ‘m’, ‘p’, OPh+CH,
Ph), 124.2 (CF,, J=265 Hz), 135.4 (‘ipso’, CH,Ph), 152.6.
152.7 (‘ipso’, OPh), 174.9, 175.0 (COOCH,Ph).
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Synthesis of Phenyl-(methoxy-a,c.-cycloleucinyl)-
phosphorochloridate

C,,H,,CINO,P, MW=317.70.

o= H ;
MeO\’O

O

This 1s synthesised according to Standard procedure 4,
using methyl-1-amino-1-cyclopentanoate hydrochloride salt
(0.885 g, 5.01 mmol), phenyldichlorophosphate (1.12 g,
0.749 ml, 5.01 mmol), and TEA (1.4 ml, 10 mmol) in DCM
(40 mL), to yield 1.266 g (81%) of crude product used

without further purification.
*'P-NMR (CDCl,, 121 MHz): & 7.90.

'H-NMR (CDCl,; 300 MHz): 8 7.4-7.2 (5H, m, OPh), 4.3
(1H, bs, NH), 3.75 (3H, 2s, OCH,), 2.15 (4H, m, 4H

cyclopentane), 1.9-1.7 (4H, m, 4H cyclopentane).
SC-NMR (CDCl,; 75 MHz): d 24.4 (2CH, cyclopent),
38.8, 38.7, 38.6 (2CH, cyclopent), 53.3, 53.2 (CH,0), 66.6

(Cq cyclopentane), 121.1, 121.0 (*0’ OPh), 126.3 (‘p’, OPh),
130.3, 130.2 (‘m’, OPh), 150.2 (‘ipso’, OPh), 174.8
(COOCH,).

Synthesis of Phenyl-(ethoxy-a,a-cycloleucinyl)-
phosphorochloridate

C,.H,,CINO,P, MW=331.73.

=\
O—P—Cl
\ / |
EtO\’O

O

This 1s synthesised according to Standard procedure 4,
using ethyl-1-amino-1-cyclopentanoate hydrochloride salt
(955 mg, 5.01 mmol), phenyldichlorophosphate (1.12 g,
5.01 mmol, 749 ulL), and TEA (1.4 mL, 10.02 mmol) 1n
DCM (40 mL). The crude was purified by flash chromatog-
raphy (ethyl acetate/petroleum ether 7:3) aflording 1.457 g
(89%) of o1l.

*'P-NMR (CDCl,, 121 MHz): & 8.04, 7.97.

"H-NMR (CDCl,; 300 MHz): § 7.4-7.1 (5H, m, OPh), 4.7
(1H, bs, NH), 4.2 (2H, 2q, °J=7.1 Hz, OCH,CH,), 2.15 (4H,
m, 4H cyclopentane), 1.9-1.7 (4H, m, 4H cyclopentane),
1.30 (3H, t, °J=7.1 Hz, OCH,CH.,).

BC-NMR (CDCl,; 75 MHz): 8 14.5 (CH,CH,), 24.5
(2CH, cyclopent), 38.8, 38.7, 38.6, 38.5 (2CH,, cyclopent),
62.0_CH,CH,), 68.3 (Cq cyclopentane), 120.9 (‘o OPh),
126.3 (*p’, OPh), 130.3 (*m’, OPh), 150.3-150.2 (‘1pso’,
OPh), 174.9-174.8 (COOCH,CH,).
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Synthesis of Phenyl-(benzoxy-a,c-cycloleucinyl)-
phosphorochlonidate

C,,H,,CINO,P, MW=393.80.

O

<\_%o .

NH

O

This 1s synthesised according to Standard procedure 4,
using benzyl-1-amino-1-cyclopentanoate hydrochloride salt

(0.984 g, 3.84 mmol), phenyl-dichlorophosphate (0.577 ml,
3.84 mmol), and TEA (1.08 mL, 7.69 mmol) in DCM (30
mlL), to yield 1.485 g (98%) of crude product used without
further purification.

3IP_.NMR (CDCl,, 121 MHz): & 7.85.

'"H-NMR (CDCl,; 300 MHz): & 7.3-7.0 (10H, m, O
Ph+CH,Ph), 5.2 (2H, s, CH,Ph), 4.95-4.65 (1H, bs, NH),
2.25-2.1 (4H, m, 4H cyclopentane), 1.9-1.7 (4H, m, 4H
cyclopentane).

PC-NMR (CDCl,; 75 MHz): 8 24.4, 24,3 (2CH,, cyclo-
pent), 38.8, 38.7, 38.5 (2CH, cyclopent), 67.3 (Cg cyclo-
pentane), 68.0 (CH,Ph), 121.0 (*0” OPh), 126.4 (‘p’, OPh),
130.1, 129.0, 128.8 (‘m’OPh, CH,Ph), 1354 (‘1pso’,
CH,Ph), 150.1 (‘ipso’, OPh), 173.4 (COOCH,Ph),

Synthesis of p-fluorophenyl-(methoxy-a,a-cyclo-
leucinyl)-phosphorochloridate

C,.H, .CINO,P, MW=335.70.

{\ %O_P_CI
Meom

O

This 1s synthesised according to Standard procedure 4,
using methyl-1-amino-1-cyclopentanoate hydrochlonde salt

(0.885 g, 5.01 mmol), parafluorophenyldichlorophosphate
(1.21 g, 5.01 mmol), and TEA (1.4 ml, 10 mmol) in DCM

(40 mL), to yield 1.65 g (99%) of crude product used
without further purification.

3IP_.NMR (CDCl,, 121 MHz): & 8.61.

'"H-NMR (CDCl;; 300 MHz): & 7.3-7.2 (2H, m, OPh),
7.1-7.0 (2H, m, OPh), 4.7 (1H, bs, NH), 3.78 (3H, 2s, OC

H,), 2.25-2.15 (4H, m, 4H cyclopentane) 2.0-1.8 (4H, m,
4H, m, 4H cyclopentane).

PC-NMR (CDCl,; 75 MHz): 8 24.4 (2CH, cyclopent),
38.7, 38.6, 38.5 (2CH, cyclopent), 53.3 (CH,0), 66.3-66.2
(Cq cyclopentane), 117.1-116.8 (‘0” OPh), 122.6-122.5 (*'m’,
OPh), 146.1-145.9 (*ipso’, OPh), 159.0 (*p’, OPh), 175.3-
175.2 (COOCH,).
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Synthesis of p-tluorophenyl-(ethoxy-a,c-cyclo-
leucinyl)-phosphorochloridate

C,.H,,CIFNO,P, MW=349.72.

O

F{\_%O_LCI

NH

O

This 1s synthesised according to Standard procedure 4,
using ethyl-1-amino-1-cyclopentanoate hydrochloride salt

(955 mg, 5.01 mmol), para-fluorophenyldichlorophosphate
(1.21 g, 5.01 mmol), and TEA (1.4 mL, 10.02 mmol) 1n

DCM (40 mL), to yield 1.64 g (94%) of crude product used
without further punfication.

*'P-NMR (CDCl,, 121 MHz): § 8.70.

"H-NMR (CDCl,; 300 MHz): § 7.3-7.2 (2H, m, OPh),
7.1-7.0 (2H, m, OPh), 4.8 (1H, bs, NH), 4.2 (2H, 2q,J=7.1
Hz, OCH,CH,), 2.25-2.1 (4H, m, 4H cyclopentane), 2.0-1.8
(4H, m, 4H cyclopentane), 1.4 (3H, t, °J=7.1 Hz, OCH,
CH,).

BC-NMR (CDCl,; 75 MHz): 8 14.4 (CH,CH,), 24.4
(2CH, cyclopent), 38.8, 38.7, 38.6, 38.5 (2CH,, cyclopent),
62.3_CH,CH,), 68.3 (Cqg cyclopentane), 117.4, 117.0 (*0’
OPh), 122.7, 122.6 (‘m’, OPh), 146.1, 146.0 (‘1pso’, OPh),
159.0 (°p’, OPh), 174.9 (COOCH,CH,).

Synthesis of p-fluorophenyl-(benzoxy-a,a-cyclo-
leucinyl)-phosphorochloridate

C,,H,,CIFNO,P, MW=411.79.

O

I
FOO—P—CI

NH

O

This 1s synthesised according to Standard procedure 4,

using benzyl-1-amino-1-cyclopentanoate hydrochloride salt

(1.281 g, 5.01 mmol), para-fluorophenyl-dichlorophosphate
(1.21 g, 5.01 mmol), and TEA (1.4 mL, 10 mmol) in DCM
(40 mL), to vield 1.85 g (90%) of crude product used
without further purification.

*'P-NMR (CDCl,, 121 MHz): & 7.85.

"H-NMR (CDCl,; 300 MHz): & 7.65-7.4 (5H, m, CH,Ph),
7.3-7.2 (2H, m, OPh), 7.1-7.0 (2H, m, OPh), 5.2 (2H, s,
CH,Ph), 4.6 (1H, bs, NH), 2.2-2.1 (4H, m, 4H cyclopen-
tane), 2.0-1.8 (4H, m, 4H cyclopentane).

SC-NMR (CDCl,; 75 MHz): d 24.5 (2CH, cyclopent),
38.9, 38.8, 38.6, 38.5 (2CH,, cyclopent), 68.1 (Cq cyclopen-
tane), 68.4 (CH,Ph), 117.0, 116.8 (*0” OPh), 122.6, 122.5
(‘m’OPh) 129.1, 129.0, 128.8, 128.7 (CH,Ph), 135.7 (‘ipso’,
CH,Ph), 146.1, 143.9 (‘1pso’, OPh), 159.0 (*p’, OPh), 174.6
(COOCH,Ph).
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Synthesis of p-nitrophenyl-(methoxy-o,c-cyclo-
leucinyl)-phosphorochloridate

C,.H, .CIN,O.P, MW=362.70.

O

OQN%\_%O_LQ

NH

O

This 1s synthesised according to Standard procedure 4,
using methyl-1-amino-1-cyclopentanoate hydrochloride salt

(0.885 g, 5.01 mmol), para-nitrophenyldichlorophosphate
(1.632 g, 5.01 mmol), and TEA (1.4 ml, 10 mmol) 1n DCM

(40 mL), to yield 1.601 g (90%) of crude product used
without further purification.

*'P-NMR (CDCl,, 121 MHz): & 8.02.

"H-NMR (CDCl,; 300 MHz): & 8.2 (2H, 2d, °J=8 Hz, O
Ph), 7.32 (2H, 2d, °J=8 Hz OPh), 4.9 (1H, bs, NH), 3.71 (3H.
s, OCH,), 2.25-2.00 (4H, m, 4H cyclopentane), 1.95-1.7
(4H, m, 4H cyclopentane).

C-NMR (CDCl,; 75 MHz): § 24.3 (2CH, cyclopent),
38.7, 38.6 (2CH,, cyclopent), 53.3 (CH,0), 68.6 (Cq cyclo-
pentane), 121.8, 121.7 (‘o” OPh), 126.0 (*m’, OPh), 145.6
(‘ipso’, OPh), 154.8, 154.7 (*p’, OPh), 175.1-175.0
(COOCH,).

Synthesis of p-nitrophenyl-(ethoxy-o,c-cycloleuci-
nyl)-phosphorochloridate

C,.,H,CIN,O.P, MW=376.73.

O

|
ol Yol

NH

O

This 1s synthesised according to Standard procedure 4,
using ethyl-1-amino-1-cyclopentanoate hydrochloride salt

(955 mg, 5.01 mmol), para-nitrophenyldichlorophosphate
(1.362 g, 5.01 mmol), and TEA (1.4 mL, 10.02 mmol) 1n

DCM (40 mL), to vield 1.669 g (90%) of crude product used
without further purification.

*'P-NMR (CDCl,, 121 MHz): & 7.95.

"H-NMR (CDCl,; 300 MHz): 8 8.1 (2H, 2d, °J=8 Hz, O
Ph), 7.28 (2H, 2d, °J=8 Hz OPh), 4.8 (1H, bs, NH), 4.2 (2H,
2q, °J=7.1 Hz, OCH,CH,), 2.2-2.0 (4H, m, 4H cyclopen-
tane, 1.95-1.7 (4H, m, 4H cyclopentane), 1.27 (3H, t, °J=7.1
Hz, OCH,CHs;.

PC-NMR (CDCl,; 75 MHz): & 14.4 (CH,CH,), 24 .4
(2CH, cyclopent), 38.8, 38.7 (2CH, cyclopent), 62.4_CH,
CH,), 68.5 (Cqg cyclopentane), 121.8, 121.1 (o’ OPh),
126.1, 125.9 (*‘m’, OPh), 145.6 (‘ipso’, OPh), 154.8 (*p’,
OPh), 174.9 (COOCH,CH,).
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Synthesis of p-nitrophenyl-(benzoxy-a,a-cyclo-
leucinyl)-phosphorochloridate

C, H,,CIN,O P, MW=438.80.

O

OEN{\:%O_LQ

NH

O

This 1s synthesised according to Standard procedure 4,
using benzyl-1-amino-1-cyclopentanoate hydrochlornide salt

(0.835 g, 3.25 mmol), para-nitrophenyl-dichlorophosphate
(0.85 g, 3.25 mmol), and TEA (0.91 mL, 6.7 mmol) in DCM

(30 mL), to yield 1.215 g (85%) of crude product used
without further punification.

*'P-NMR (CDCl,, 121 MHz): & 7.99, 7.90.

"H-NMR (CDCl,; 300 MHz): & 8.1 (2H, 2d, °J=8 Hz, O
Ph), 7.4-7.2 (7H, m, OPh+CH,Ph), 5.18 (2H, s, CH,Ph), 5.0
(1H, bs, NH), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95-1.73
(4H, m, 4H cyclopentane).

SC-NMR (CDCl,; 75 MHz): & 24.4 (2CH, cyclopent),
38.8, 38.7, 38.6, 38.5 (2CH,, cyclopent), 68.0 (CH,Ph), 68.6
(Cg cyclopentane), 121.8, 121.7 (*o” OPh), 126.1, 125.9
(‘m’OPh) 129.1, 129.0, 128.8, 128.6 (CH,Ph), 135.7 (‘1ipso’,
CH,Ph), 145.6 (“1pso’, OPh), 154.8, 154.7 (‘p’, OPh), 174.5,
174.4 (COOCH,Ph).

Synthesis of p-chlorophenyl-(methoxy-o,c.-cyclo-
leucinyl)-phosphorochloridate

C,,H,.CL,NO,P, MW=352.15.

O

a%\_%o_l‘l_a

NH

Me(Q

This 1s synthesised according to Standard procedure 4,
using methyl-1-amino-1-cyclopentanoate hydrochloride salt

(0.443 g, 2.5 mmol), para-chlorophenyldichlorophosphate

(0.613 g, 2.5 mmol), and TEA (0.7 ml, 5 mmol) in DCM (20
mlL), to yield 0.852 g (98%) of crude product used without
turther punfication.

3IP_NMR (CDCl,, 121 MHz): § 9.55, 9.5.

"H-NMR (CDCl,; 300 MHz): § 7.35-7.15 (4H, m, OPh),
4.95 (1H, bs, NH), 3.78 (3H, s, OCH,), 2.2-2.00 (4H, m, 4H
cyclopentane), 1.95-1.7 (4H, m, 4H cyclopentane).

SC-NMR (CDCl,; 75 MHz): § 24.3 (2CH, cyclopent),
38.7 (2CH, cyclopent), 53.3 (CH,0), 68.6 (Cq cyclopen-
tane), 122.0 (‘o> OPh), 130.1 (*m’, OPh), 133.2 (*p’, OPh),
149.9 (“ipso’, OPh), 175.1-175.0 (COOCH,).
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Synthesis of p-chlorophenyl-(ethoxy-a.,c-cyclo-
leucinyl)-phosphorochloridate

C,.H,,CI,NO,P, MW=366.18.

O

c14<\_/%o_l‘l_@

NH

EtO

This 1s synthesised according to Standard procedure 4,
using ethyl-1-amino-1-cyclopentanoate hydrochloride salt
(0.477 g, 2.5 mmol), para-chlorophenyldichlorophosphate
(0.613 g, 2.5 mmol), and TEA (0.7 mL, 5 mmol) in DCM (20
mL), to yield 0.880 g (97%) of crude product used without
turther punfication.

*'P-NMR (CDCl,, 121 MHz): & 9.85, 9.70.

"H-NMR (CDCl,; 300 MHz): 8 7.35-7.15 (4H, m, OPh),
4.9 (1H, bs, NH), 4.22 (2H, 2q, °J=7.1 Hz, OCH,CH,),
2.2-2.0 (4H, m, 4H cyclopentane), 1.953-1.7 (4H, m, 4H
cyclopentane), 1.27 (3H, t, °J=7 Hz, OCH,CH..

PC-NMR (CDCl,; 75 MHz): & 14.4 (CH,CH,), 24.4
(2CH,, cyclopent), 38.8, 38.7 (2CH, cyclopent), 62.5, 62.4
CH,CH,), 68.1 (Cqg cyclopentane), 122.2, 122.1 (‘0 OPh),
130.1 (‘m’, OPh), 133.2 (*p’, OPh), 149.8 (“ipso’, OPh),
174.8 (COOCH,CH,).

Synthesis of p-chlorophenyl-(benzoxy-a.,c-cyclo-
leucinyl)-phosphorochloridate

C,H,,C1,NO,P, MW=428.25.

@%\—%O_‘g_@

NH

BnQO

This 1s synthesised according to Standard procedure 4,
using benzyl-1-amino-1-cyclopentanoate hydrochloride salt
(0.640 g, 2.5 mmol), para-chlorophenyl-dichlorophosphate
(0.613 g, 2.5 mmol), and TEA (0.7 mL, 5 mmol) in DCM (20
mL), to yield 1.041 g (97%) of crude product used without
turther punfication.

*'P-NMR (CDCl,, 121 MHz): 8 9.39, 8.95.

'H-NMR (CDCl,; 300 MHz): & 7.4-7.15 (9H, m, O
Ph+CH,Ph), 5.20 (2H, s, CH,Ph), 5.0 (2H, s, CH,Ph), 5.0
(1H, bs, NH), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95-1.75
(4H, m, 4H cyclopentane).

PC-NMR (CDCl,; 75 MHz): § 24.4 (2CH, cyclopent),
38.8, 38.7, 38.6 (2CH,, cyclopent), 68.1, 68.0 (CH,Ph), 68.2
(Cqg cyclopentane), 121.9, 121.8 (*o” OPh), 130.5, 1304,
129.3, 129.2 (*‘m’OPh, CH,Ph), 133.2 (‘p’, OPh), 135.7
(‘ipso’, CH,Ph), 149.9 (‘ipso’, OPh), 174.3, 174.2
(COOCH,Ph).
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Synthesis of p-trifluorophenyl-(methoxy-a,c-cyclo-
leucinyl)-phosphorochloridate

C,.H,.CIF,NO,P, MW=385.70.

O

|
F;C@—O—I{—Cl

NH

MeQO

This 1s synthesised according to Standard procedure 4,
using methyl-1-amino-1-cyclopentanoate hydrochloride salt
(0.443 g, 2.5 mmol), para-trifluorophenyldichlorophosphate
(0.700 g, 2.5 mmol), and TEA (0.7 ml, 5 mmol) in DCM (20
mL), to yield 0.931 g (97%) of crude product used without
turther punification.

*'P-NMR (CDCl,, 121 MHz): 3 8.80, 8.62.

"H-NMR (CDCl,; 300 MHz): 8 7.65 (2H, 2d, *J=8 Hz, O
Ph), 7.35 (2H, 2d, °J=8 Hz OPh), 5.02 (1H, bs, NH), 3.78
(3H, s, OCH,), 2.25-2.05 (4H, m, 4H cyclopentane), 1.95-
1.7 (4H, m, 4H cyclopentane).

SC-NMR (CDCl,; 75 MHz): & 22.8 (2CH, cyclopent),
37.5,37.2 (2CH, cyclopent), 51.5 (CH,0O), 68.4 (Cq cyclo-
pentane), 120.0 (‘o’, OPh), 124.8 (d, J=270 Hz, CF;), 126.6
(‘m’, OPh), 129.5 (*p’,q, J=32 Hz, OPh), 152.8 (‘ipso’,
OPh), 175.2 (COOCH,).

Synthesis of p-trifluorophenyl-(ethoxy-o,c.-cyclo-
leucinyl)-phosphorochlorndate

C, .H,,CIF,NO,P, MW=399.73.

F3C

Cl

EtO

This 1s synthesised according to Standard procedure 4,
using ethyl-1-amino-1-cyclopentanoate hydrochloride salt
(0.477 g, 2.5 mmol), para-trifluorophenyldichlorophosphate
(0.700 g, 2.5 mmol), and TEA (0.7 mL, 5 mmol) in DCM (20
mlL), to yield 0.950 g (89%) of crude product used without
turther punification.

*'P-NMR (CDCl,, 121 MHz): 3 8.49.

"H-NMR (CDCl,; 300 MHz): & 7.45 (2H, m, OPh), 7.2
(2H, m, OPh), 5.12 (1H, bs, NH), 4.05 (2H, m, OCH,CH,;),
2.15-2.0 (4H, m, 4H cyclopentane), 1.9-1.65 (4H, m, 4H
cyclopentane), 1.2 (3H, 2t, °J=7 Hz, OCH,CH.,.

BC-NMR (CDCl,; 75 MHz): § 14.3 (CH,CH,), 24.2,
24.1 (2CH,, cyclopent), 38.6, 38.5, 38.4 (2CH,cyclopent),
62.0 CH,CH,), 68.4 (Cq cyclopentane), 121.5 (‘o’, OPh),
125.0 (d, J=270 Hz, CFy), 127.5 (*'m’, OPh), 129.9 (*p’.q,
J=32 Hz, OPh), 152.8, 152.7 (‘ipso’, OPh), 174.9, 174.6
(COOCH,CH,;).
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Synthesis of p-trifluorophenyl-(benzoxy-a,a.-cyclo-
leucinyl)-phosphorochloridate

C.,.H,,CIF,NO,P, MW=461.80.

BnO

O
|
I" Cl
N

H

This 1s synthesised according to Standard procedure 4,
using benzyl-1-amino-1-cyclopentanoate hydrochloride salt

(0.700 g, 2.73 mmol), para-trifluorophenyl-dichlorophos-
phate (0.75 g, 2.73 mmol), and TEA (0.75 mL, 5.47 mmol)

in DCM (25 mL), to yield 1.089 g (86%) of crude product
used without further purification.

*'P-NMR (CDCl,, 121 MHz): § 9.39, 8.95.

'H-NMR (CDCl,; 300 MHz): & 7.50 (2H, m, OPh),
7.4-7.15 (7TH, m, OPh+CH,Ph), 5.20 (2H, s, CH,Ph), 4.95
(1H, bs, NH), 2.2-2.0 (4H, m, 4H cyclopentane), 1.95-1.73
(4H, m, 4H cyclopentane).

C-NMR (CDCl,; 75 MHz): § 24.3 (2CH, cyclopent),
38.8, 38.7, 38.6 (2CH, cyclopent), 68.1, 68.0 (CH,Ph), 68.2
(Cq cyclopentane), 121.4, 121.3 (‘o’, OPh), 125.1 (d, J=270
Hz, CF,), 126.6 (*‘m’, OPh) 129.2, 128.8, 127.8 (Bn), 129.8
(‘p’,q, J=32 Hz, OPh), 135.7 (‘ipso’, CH,Ph), 133.5 (*ipso’,
OPh), 174.5, 174.4 (COOCH,Ph).

Synthesis of Phenyl-(methoxy-L-phenylalaninyl)-
phosphorochlordate

C, H,,CINO,P, MW=353.74.

o I
\ / O—P—2ClI
NH

This 1s synthesised according to Standard procedure 4,
using L-phenylalanine methyl ester hydrochloride (1.08 g, 5
mmol), phenyldichlorophosphate (1.12 g, 0.75 ml, 5 mmol),
and TEA (1.4 ml, 10 mmol) in DCM (40 mL), to yield 1.626

g (92%) of crude product used without further purification.
*'P-NMR (CDCl,, 121 MHz): § 9.1, 8.95.

'H.NMR (CDCl,; 300 MHz): & 7.3-7.1 (10H, m,
CH,Ph+OPh), 5.00 (1H, bs, NH), 4.35 (1H, m, CHphenyl-
ala), 3.79 (3H, 2s, CH,0), 3.00 (2H, m, CH,Ph)

C-NMR (CDCl,; 75 MHz): § 36.3 (CH.phenylalanine),
53.0 (CH;0), 56.6, 56.5 (CHphenylala), 121.0 (‘o> OPh),
126.4 (‘p’, OPh), 130.2 (‘m’, OPh), 150.2 (‘ipso’, OPh),
174.1 (COOCH,).
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Synthesis of
Phenyl-(methoxy-L-leucinyl)-phosphorochloridate
C,;H,,CINO,P, MW=319.72

O

< %O_T_a

MeO

10

15

This 1s synthesised according to Standard procedure 4,
using L-leucine methyl ester hydrochloride (0.91 g, 3
mmol), phenyldichlorophosphate (1.12 g, 0.75 ml, 5 mmol),
and TEA (1.4 ml, 10 mmol) in DCM (40 mL), to yield 1.58
g (99%) of crude product used without turther purification.

*'P-NMR (CDCl,, 121 MHz): 8 9.45. 9.35.

'"H-NMR (CDCl,; 300 MHz): § 7.4-7.2 (5H, m, OPh),
4.90 (1H, bs, NH), 3.95 (1H, m, CHCH,CH(CH,),), 3.78
(3H, s, OCH,), 1.8 (1H, m, CHCH,CH(CH,),), 1.8-1.5 (2H,
m, CHCH,CH(CH,)2), 1.0-0.9 (6H, m, CHCH,CH(CH,),).

SC-NMR (CDCl,; 75 MHz): $ 23.2,23.1,22.4,22.3 (2C,
CHCH,CH(CH,),), 24.9, 24.8 (CHCH,CH(CH,),), 43.6
(CHCH,CH(CH,;),), 53.2 (CH30), 53.7, 53.6 (CHCH,CH
(CH,),), 120.9 (o> OPh), 1264 (‘p’, OPh), 130.2 (*m’,
OPh), 150.1 (*ipso’, OPh), 173.6 (COOCH,).
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Synthesis of

Phenyl-(benzoxy-L-leucinyl)-phosphorochloridate.

C,.H,,CINO,P, MW=395.82 .

O

< /}o_l‘)_a

BnO

40

45

This 1s synthesised according to Standard procedure 4,
using L-leucine benzyl ester hydrochloride (1.29 g, 5.0
mmol), phenyl-dichlorophosphate (1.12 g, 0.75 ml, 5.0
mmol), and TEA (1.4 mL, 10.0 mmol) 1n DCM (40 mL), to
yield 1.88 g (95%) of crude product used without further
purification.

*'P-NMR (CDCl,, 121 MHz): & 9.93, 9.57.

'"H-NMR (CDCl,; 300 MHz): & 7.5-7.2 (10H, m, O
Ph+CH,Ph), 5.2 (2H, 2s, CH,Ph), 4.95 (1H, bs, NH), 4.2-4.1
(1H, m, CHCH,CH(CH,),), 1.95-1.80 (1H, m, CHCH,CH
(CH,),), 1.7 (2H, m, CHCH,CH(CH,),), 1.0-0.9 (6H m,
CHCH,CH(CH;),).

BC-NMR (CDCl,; 75 MHz): 8 23.2,23.1,22.4,22.3 (2C,
CHCH,CH(CH,),), 249 (CHCH,CH(CH,),), 43.5
(CHCH,CH(CH,),), 53.8, 53.3 (CHCH,CH(CH,),), 67.8,
67.7 (CH,Ph), 120.7 (‘0> OPh), 126.4 (*p’, OPh), 130.2,
129,1, 128.8, 128.7 (‘m’OPh, CH,Ph), 1358 (‘1pso’,
CH,Ph), 150.2 (‘ipso’, OPh), 174.1 (COOCH,Ph).
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Synthesis of p-nitrophenyl-(benzoxy-L-leucinyl)-
phosphorochloridate. C, ,H,,CIN,O.P, MW=440.81

0,N Cl

O
' —— g ==

BnQO

This 1s synthesised according to Standard procedure 4,
using L-leucine benzyl ester hydrochloride (1.08 g, 5.01
mmol), para-nitrophenyl-dichloro phosphate (1.362 g, 5.01
mmol), and TEA (1.4 mL, 1.4 mmol) in DCM (40 mL), to
yield 2.08g (95%) of crude product used without further
purification.

>'P-NMR (CDCl,, 121 MHz); & 9.87, 9.38.

"H-NMR (CDCl;; 300 MHz): 8 8.25-8.10 (2H, m, OPh),
7.35-7.25 (7TH, m, OPh+CH,Ph), 5.15 (2H, 2s, CH,Ph), 4.95
(1 H, bs, NH), 4.15 (1H, m, CHCH,CH(CH,),), 1.95 (1H,
m, CHCH,CH(CH,)2), 1.7 (2H, m, CHCH,CH(CH,)2),
1.0-0.9 (6H, m, CHCH,CH(CH,),).

C-NMR (CDCl,; 75 MHz): § 23.2,23.1,22.1, 22.0 (2C,
CHCH,CH(CH,),), 24.8 (CHCH,CH(CH,),), 43.4, 43.3
(CHCH,CH(CH,;),), 54.2, 53.9 (CHCH,CH(CH,),), 68.0
67.9 (CH,Ph), 121.6 (‘o> OPh), 126.2, 126.1 (‘m’OPh),
129.2, 129.0 (CH,Ph), 135.4, 135.3 (‘ipso’, CH,Ph), 143.8,
145.7 (‘ipso’, OPh), 154.7, 154.5 (*p’, OPh), 173.0, 172.8
(COOCH,Ph).

Synthesis of pchlorophenyl-(benzoxy-L-leucinyl)-
phosphorochlondate. C, H,,Cl,NO_P, MW=430.26

O

{\ />_o_f‘)_c1

BnO

This 1s synthesised according to Standard procedure 4,
using L-leucine benzyl ester hydrochloride (0.644 g, 2.5
mmol), para-chlorophenyl-dichlorophosphate (0.613 g, 2.5
mmol), and TEA (0.7 mL, 5 mmol) 1n DCM (20 mL), to
yield 0.968 g (90%) of crude product used without further
purification.

*'P-NMR (CDCl,, 121 MHz): § 9.71, 9.55.

'H-NMR (CDCl,; 300 MHz): § 74 7.0 (9H, m, O
Ph+CH,Ph), 5.15 (2H, s, CH,Ph), 4.5 (1H, d, 3]=7 Hz, NH),
4.0 (1H, m, CHCH,CH(CH;),), 1.9-1.8 (1H, m, CHCH,CH
(CH;),), 1.7 (2H, m, CHCH,CH(CH,),), 0.85 (6H, m,
CHCH,CH(CH,),).

C-NMR (CDCl,; 75 MHz): 8 23.4,23.3,22.5,22.4 (2C,
CHCH,CH(CH,),), 25.0 (CHCH,CH(CH,),), 43.8, 43.7
(CHCH,CH(CH,),), 54.0, 53.8 (CHCH,CH(CH,),), 68.2
(CH,Ph), 122.5 (‘o> OPh), 130.5, 1304, 1293, 129.2
(‘m’OPh, CH,Ph), 133.2 (*p’, OPh), 135.7 (“ipso’, CH,Ph),
149.9, 149.8 (“ipso’, OPh), 173.4, 173.2 (COOCH,Ph).
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Synthesis of 4-chlorophenyl-(methyl-2-amino-2-
methylpropanoate)-phosphorochloridate.
C,,H,,CI,NOP, MW=326.11

[
NH
BHO\I(.K"”

O

This 1s synthesised according to Standard procedure 4,

using 2-aminoisobutyrate methyl ester hydrochloride (280.0
mg, 1.82 mmol), 4-chlorophenylphosphodichloride (447.4

mg, 1.82 mmol), and TEA (368.3 mg, 3.64 mmol, 507.3 uL)
in DCM (20 mL), to yield 3554 mg (vield 91.1%) of crude
product used without further purification.

*'P-NMR (CDCl,, 121 MHz): & 7.05 (s)

"H-NMR (CDCl,; 300 MHz): 8 7.38 (2H, d, °J=9.0 Hz,
OPh), 7.29-7.24 (2H, 2d, °J=9.0 Hz, OPh), 4.87-4.83 (1H,
2bs, NH) 3.84 (3H, s, OCH,), 1.73-1.71 (6H, 2s, [CH,],C

SC-NMR (CDCl;; 75 MHz): & 27.0, 27.3, ([CH,]-0).
53.7 (OCH,), 58.9 (C[CH,],), 122.5 (‘0’, OPh), 129.7 (*m’,
OPh), 131.8 (‘p’, OPh) 148.7, 148.9 (“ipso’, OPh), 175.5,
175.7 (COOCH,;).

Synthesis of 4-chlorophenyl-phosphodichloridate.
CH,Cl,;0,P, MWW=245 43

This was synthesised according to Standard procedure 3,
using phosphorus-oxychloride 1533 mg, 10.00mmol, 932
ul), 4-chlorophenol (1.285 g, 10.00 mmol) and TEA (1.011
g 0.00 mmol, 1394 uL.) in ethylether (100 mL) to give an o1l
(1.897 g, 77.3% yield).

*'P-NMR (CDCl,, 121 MHz): § 5.18.

"H-NMR (CDCl,; 300 MHz): 8 7.45 (2H, d, 3]J=9.0 Hz,
OPh), 7.30 (2H, d, °J=9.0 Hz, OPh).

BC-NMR (CDCl,; 75 MHz): 8 122.5 (‘0’, OPh), 130.6
(‘m’, OPh), 133.2 (‘p’, OPh), 148.5 (‘1pso’, OPh).

Cl

O—trge=C

Synthesis of 4-(trifluoromethyl)-phenyl-phosphodi-
chloridate. C;H,CIF,O,P, MW=278.98

— I
F3C4<\_/>70—I"—Cl
Cl

This was synthesised according to Standard procedure 3,
using phosphorus-oxychloride (1.570 mg, 10.24 mmol,
954.5 ul), 4-trifluoromethylphenol (1660 g, 10.24 mmol)
and TEA (1.036 g, 10.24 mmol, 14277 uL.) 1n ethylether (100
mL) to give an o1l (2.521 g, 88.2% vyield).
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*'P-NMR (CDCl,, 121 MHz): 8 4.75.

"H-NMR (CDCl,; 300 MHz): 8 7.77 (2H, d, 318.4 Hz, O
Ph), 7.49 (2H, d, °J=8.4 Hz,

"C-NMR (CDCl,; 75 MHz): 8 121.6 (‘o’, OPh), 123.6
(CF,, J=271 Hz, OPh), 128.2 (*m’, OPh), 129.7 (*p’, J=33
Hz), 152.7 (‘1pso’, OPh).

Synthesis of 4-fluorophenyl-phosphodichloridate.
CH,Cl,.FO,P, MW=228.97

O

F{\_%o_‘li‘._@

Cl

This was synthesised according to Standard procedure 3,
using phosphorus-oxychloride (1.395 mlL, 15.00 mmol),
4-chlorophenol (1.68 g, 15.00 mmol) and TEA (2.1 mlL,
15.00 mmol) 1n ethylether (140 mL) to give an o1l (3.96 g,
96% vield).

*'P-NMR (CDCl,, 121 MHz): § 5.52.

"H-NMR (CDCl,; 300 MHz): & 7.15 (2H, d, 3]=8.0 Hz,
OPh), 7.05 (2H, d, 3]=8.0 Hz, OPh).

C-NMR (CDCl,; 75 MHz): & 116.8 (‘o’, OPh), 122.1
(‘m’, OPh), 146.7 (‘p’, OPh), 138.7 (‘1pso’, OPh).

Experimental data are given in Table I illustrating the
activity ol compounds embodying the present invention, and
of some comparative compounds, with respect to human
breast cancer cell line NDA MB231, human colon cancer
cell line HT115 and human prostrate cancer cell line PC-3.
The compounds include those whose preparations are
described above and compounds made by preparative meth-
ods corresponding to the methods described above.

The experimental procedures used human colon cancer
cell line (HT115), human prostate cancer cell line (PC-3),
human breast cancer cell line (MDA MB 231) and normal
human umbilical vein endothelial cell (HUVEC). Com-
pounds were diluted over a range of concentrations and
added to cells over 1 to 3 days. The cytotoxity was deter-
mined using a MT'T assay at the end of each experiment.

In the Table:

ArO refers to Ar as defined above with respect to formula
I

I refers to the moiety of the present compounds repre-
sented by, respectively, ROCOCR'R"NH—, as defined
above with respect to formula I, or, with respect to Examples
51, 52 and 53, HOCOCR'R"NH—, as defined above with
respect to formula II; and

B refers to the base moiety of the present compounds as
defined above with respect to formula I or formula II.

BVU stands for 2-bromovinyl uridine.

3-(C=C(CJO]O)MeU stands for methyl propenoate-2'-
deoxyuridine.

GemCyt stands for Gemcitabine.

Examples A, 1, 67 and G are comparative Examples.

Example A 1s 5-(2-Bromovinyl)-2'-deoxyuridine.

Example 1 1s Example 1 above corresponding to com-
pound (7) above.

Example 67 1s propenate-2'-deoxyuridine.

Example G 1s gemcitabine.

Examples 51, 52 and 53 are compounds embodying
tormula II above.
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TABLE
EC50/uM
Breast EC50/uM  EC50/uM
MDA Colon Prostate
ArQO I B MB231 HT115 PC-3
— — BVU 125 78.7 120
PhO MeAlaNH BVU 79 244.5 155
PhO BnAlaNH BVU 34 1.4 19
PhO EtAlaNH BVU 56 52 36
p-CEF3PhO BnAlaNH BVU 31 7.4 9.3
p-FPhO MeAlaNH BVU 159 17 58
p-FPhO EtAlaNH BVU 46 11 42
p-FPhO BnAlaNH BVU 17 3.5 16
p-NO2PhO  BnAlaNH BVU 28 9
p-NO2PhO  EtAlaNH BVU 177 118.7 365
p-NO2PhO  MeAlaNH BVU 105 96.7 104
p-CIPhO EtAlaNH BVU 28.7 14.9 3.4
p-CIPhO BnAlaNH BVU 6.2 3.4 2.4
p-CIPhO MeAlaNH BVU 61 70.2 13
PhO Bn(Me2Gly)NH BVU 19 14.5 5.1
p-CEF3PhO MeAlaNH BVU 47 79.2 15
PhO Me(cPntGly)NH BVU 79 77 16
PhO Et(cPntGly)NH BVU 44 81.3 41
PhO Bn(cPntGly)NH BVU 78 9.7 33
p-NO2PhO  Me[cPntGly]NH BVU 56 38.2 RE
p-NO2PhO  Et[cPntGly)NH BVU 13 57.3 15
p-NO2PhO  Bn[cPntGly]NH BVU 8.4 17.2 2.2
PFPhO Me[cPntGly]NH BVU 57 59.7 51
PFPhO Et[cPntGly|NH BVU 9.9 18.1 2.7
PFPhO Bn[cPntGly|]NH BVU 9.4 17 3.7
p-CEF3PhO EtAlaNH BVU 33.8 4.6
PhO Me(Me2Gly)NH BVU 41.1 77.9 1.5
PhO Et(Me2Gly)NH BVU 217.9 39.7 76.1
p-CEF3PhO Me(cPntGly)NH BVU 28.8 21.2
p-CEF3PhO Et(cPntGly)NH BVU 45.6 15.1 4.3
p-CEF3PhO Bn(cPntGly)NH BVU 6.9 6.4
p-CIPhO Me[cPntGly]NH BVU 2.6 99 .3 52.2
p-CIPhO Et[cPntGly]NH BVU 12 97.9 83.2
p-CIPhO Bn[cPntGly|NH BVU 3.9 8.9 6.3
PhO Mel.euNH BVU 18.5 7.7 75.7
PhO Me[Phe|NH BVU 19.8 32.1 86.9
PhO Bnl.euNH BVU 2.8 7 7.16
p-NO2PhO  BnLeuNH BVU 6.3 10.7 7.2
p-CIPhO Bnl.euNH BVU 4.3 28R.5 193.1
p-CIPhO Me(Me2Gly)NH BVU 8.7 183.4 441.6
p-CIPhO Et(Me2Gly)NH BVU 5.9 174.3 1.15
p-CIPhO Bn(Me2Gly)NH BVU 2.3 4.5 9.12
p-NO2PhO  Me(Me2Gly)NH BVU 9.4 24.7 2228
p-NO2PhO  Et(Me2Gly)NH BVU 2 224 82.4
p-NO2PhO  Bn(Me2Gly)NH BVU 4.5 16.7 27.2
p-CLEF3Ph Bn(Me2Gly)NH BVU 1.3 7 0.61
0-CIPhO BnAlaNH BVU 5.4 16.2 5.4
0-CIPhO Bn(Me2Gly)NH BVU 5.7 3.9 6.59
- [-AlaNH BVU 2054
- LeuNH BVU 438.1
- PhAlaNH BVU 66
PhO Bn[PhAla]NH BVU 5.1
PhO Me[D-Ala]NH BVU 3092.7
PhO Bn[D-Ala]NH BVU 20.8
p-NO2PhO  Bn[D-Ala]NH BVU 20.2
p-CIF3 Me[Me2Gly][NH BVU 83.6
p-CE3 Et[Me2Gly]NH BVU 24.7
p-FPhO Et[Me2Gly|NH BVU R6.8
p-CEF3PhO Bn[L-PhAla]NH BVU 6.3
p-CEF3PhO Bn[L-Leu]NH BVU 1.9
PhO tBu|L-Ala]NH BVU 31.5
p-NO2PhO  Bn[L-PhAla]NH BVU 16.6
p-FPhO Me{Me2Gly)NH BVU
p-NO2PhO  Me(Me2Gly)NH 5-(C= 20.7
CC[O]O
Me)U
— — 5-(C= 93.7
CC[O]O
Me)U
PhO MeMetNH BVU — — 6.3
PhO MeTrpNH BVU — — 16
PhO BnMetNH BVU — — 6.3
PhO BnlleNH BVU — — 1.6
PhO EtlleNH BVU — — 30.6
PhO MeGIlyNH BVU — — 31
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EC50/uM  EC50/uM

77
TABLE-continued
EC50/uM

Breast

MDA Colon
Ex ArQO I B MB231 HT115
75 PhO BnGlyNH BVU — —
77 p-Cl PhO BnGlyNH BVU — —
78 p-CF, PhO BnValNH BVU — —
80 PhO Me2 AspNH BVU — —
81 PhO Et2GIluNH BVU — —
82 m-CIPhO BnAlaNH BVU — —
83 m-CIPhO BnMe2GlyNH BVU — —
84 p-FphO BnMe2GIlyNH BVU — —
85 PhO BnValINH BVU — —
R6 p-CIPho BnValNH BVU — —
87 p-FphO BnVaINH BVU — —
RE PhO BnPhGIlyNH BVU — —
89 p-CIPhO BnPhGIlyNH BVU — —
91 p-CEF3PhO BnPhGIlyNH BVU — —
94 PhO 1-BuAlaNH BVU — —
95 PhO 2-BuAlaNH BVU — —
G — — GemCyt 2.8 606.1
31 PhO BnAlaNH GemCyt 42.6 5.7
40 p-CIPhO BuAlaNH GemCyt 9.2 16.1
41 p-CIPhO Bn[Me2Gly|[NH  GemCyt 3.1 317.1

Gemcitabine (Example G 1n the Table) and compound
CPF31 (Example 31 1in the Table: gemcitabine-[phenyl-
(benzoxy-L-alaninyl)]-phosphate) were compared 1n a
mouse model with xenograits of human cancer (colon
HT115 and prostrate PC3).

Mice were dosed daily at a range of concentrations
(0.01-10 uM) and tumour volume assessed versus control.

Kaplan-Meier statistics were computed regarding inci-
dent-free survival.

In the attached drawings:

FIG. 1 shows for the mouse xenograft the tumour volume
for prostate data at day 13 using Gemzar™ (gemcitabine
available ex. Lilly);

FIG. 2 shows for the mouse xenograit the tumour volume
for prostate data at day 13 using CPF31;

FIG. 3 shows the incident free survival functions v. day
for each of CPF31 and gemcitabine; and

FI1G. 4 shows for the mouse xenograft the tumour volume
for colon data at day 24 using, respectively, Gemzar and
compound CPF31.

Referring to the drawings, CPF31 can be seen to be
significantly less toxic than gemcitabine.

CPF31 was significantly eflective at reducing prostate and
colon tumour volume relative to control at daily dosing of 5
and 10 uM (3 and 6 pg/ml). Gemcitabine was not effective
at the highest non-toxic concentration.

Gemzar 1s seen from FIG. 1 to be toxic above 1 uM. In
contrast, CPF31 1s seen from FIG. 2 to have substantially
lower toxicity.

FIG. 3 shows that CPF31 has significantly lower side
cllects on a comparable basis: 3 animals show serious
toxicity (10% body mass loss) in GMZ and mm CPF31 on day
10, collectively 4 in GMZ and 1 1n CPF31 on day 11 and 5
in GMZ and 1 1n CPF on day 13. Using Chi1 square analysis
by combining 5 and 10 uM groups, the significance 1s
p=0.193, 0,078 and 0.0289 on day 10, 11 and 13. It 1s clear

that by day 13, CPF31 displayed signficantly less side

eflects, and the anti-cancer effects continue to exceed that of
(emzar.

FIG. 3 shows the Kaplan-Meier survival curve, incidence
free survival: based on the loss according to weight loss. A
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Prostate

PC-3

29
150
1.6
158
31
21
6.3
4.5
31.2
0.9
1.6
0.75
0.5
0.7
51
0.8
3.12
0.22
15.4
08.%8

Cox proportion analysis shows that CPF31 1s far less toxic
than GMZ based on the weight-loss calculated loss
(p=0.043).

CPF31 was found to be active at 5 uM 1n vitro, whereas
Gemzar was found to be active at 600 uM, with respect to
the same colon cell line. FIG. 4 shows the results of testing
both 1n vivo at 5 uM. The greater activity of CPF31 in
reducing tumour volume 1s shown in FIG. 4.

The mnvention claimed 1s:
[1. A chemical compound having formula I:

()
ZF

V4
HHNA\S/
P
[N i
R—0O—C > 1‘\T I" O
R" T O Q <
Ar/ A%
OH
wherein:
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 alkvlene chain so as to
provide, together with the C atom to which they are
attached, a cyclic system;

Q 1s selected from the group comprising —O
—CH,—;

X and Y are independently selected from the group
comprising H, halogen, OH and —CH;;

Ar 1s a monocyclic aromatic ring moiety or a fused
bicyclic aromatic ring moiety, either of which said ring
moieties 1s carbocyclic or heterocyclic and 1s optionally
substituted, any such substituent being selected from
the group comprising halogen, halomethyl, oxo,

and
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hyroxy, carboxy, carboxyC,_,, alkyl, alkoxy, alkovl,
alkoyloxy, aryloxy, aryloyl, aryloyloxy, amino,

C,_galkylamino, diC,_.alkylamino, cyano, azide, nitro,
thiol, C, _ alkylthiol, sulphony, sulphoxide, heteocyclic
groups, alkyl groups and aryl groups;

7. 1s H,

nis O,

/' 1s —NH,, and a double bond exists between position
3 and position 4,
or a pharmaceutically acceptable derivative of a compound
of formula I the derivative which upon administration to a
recipient 1s capable of providing directly or indirectly a
compound of formula 1.}

[2. A compound according to claim 1 wherein R is
selected from the group comprising a C,_,. primary or
secondary alkyl group, a C._, carbocyclic aryl group or a
C,_salkylCs_,, aryl group.}

[3. A compound according to claim 2 wherein R is
selected from the group CH;, —C,H; and —CH,CH.]

[4. A compound according to claim 3 wherein R is
—CH,C.H. ]

[S. A compound according to claim 1 wherein Ar is an
optionally substituted C, monocyclic aromatic ring moiety.}

[6. A compound according to claim 5 wherein Ar is
selected from the group comprising —C.H., pCF,C.H,—,
pFCH,—, pNO,C,H,—, pCIC,H,— and oCIC,H,— ]

[7. A compound according to claim 1 wherein R' and R"
are, independently, selected from the group comprising H,
C,_ primary, secondary and tertiary alkyl, C,_jalkylC._,
aryl, or, when together they form an alkylene chain, they
provide, together with the C atom to which they are attached,
a C,_g carbocyclic aliphatic ring.]

[8. A compound according to claim 7 wherein R' and R"
are, independently, selected from the group comprising H,
methyl, benzyl and CH,CH(CH,),, or, R' and R" together
with the C atom to which they are attached, provide a C._
ring. |

[9. A compound according to claim 8 wherein R' and R"
are each methyl.]

[10. A compound according to claim 8 wherein one of R’
and R" is H and one of R' and R" is methyl.]

[11. A compound according to claim 8 wherein R' and R",
together with the C atom to which they are attached, provide
a pentyl ring.}

[12. A compound according to claim 1 wherein R' and R"
correspond to the side chains of a naturally occurring amino
acid.}

[13. A compound according to claim 1 wherein Q is O.}

[14. A compound according to claim 1 wherein, each of X
and Y is F]

[15. A compound according to claim 1 wherein, X is OH
and Y is H.]

[16. A compound according to claim 1 wherein, X is H
and Y is OH.]

[17. A compound selected from the group comprising:

Gemcitabine-| phenyl-(benzoxy-L-alaninyl)]-phosphate;

(Gemcitabine-|para-chlorophenyl-(benzoxy-L-alaninyl)]-

phosphate and

Gemcitabine-| para-chlorophenyl-(benzoxy-o.,c.-dimeth-

ylglycinyl)]-phosphate.}

[18. A compound according to claim 1 for use in the
treatment of cancer.]

[19. A method for the treatment of cancer comprising
administration to a patient 1 need of such treatment an
effective dose of a compound according to claim 1.]
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[20. A pharmaceutical composition comprising a com-
pound according to claim 1 with a pharmaceutically accept-
able carrier, diluent or excipient.]

[21. A method of preparing a pharmaceutical composition
comprising the step of combining a compound according to
claim 1 with a pharmaceutically acceptable excipient, carrier
or diluent.}

[22. A process for the preparation of a compound of
formula I according to claim 1, the process comprising
reacting of a compound of formula (III):

(I11)

z

HHNA‘\S/
)2\ 1 }‘

O N

(IV)

O g 0
R og> N L" Cl
1
A

wherein Ar, n, Q, R, R, R", X, Y, Z and 7' " have the
meanings described in claim 1 and a double bond exists
between position 3 and position 4.]

23. A compound of formula:

O+

NH

BnO

wherein Bn is benzyl.

24. A pharmaceutical composition comprising an effective
amount of the compound of claim 23 and a pharmaceutically
acceptable excipient, carrier, or diluent.

25. A method for the treatment of cancer comprising
administering to a patient in need therveof an effective
amount of the compound of claim 23.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

