Dy,

J

1844 J. Med. Chem. 2007, 50, 18401849

Application of the Phosphoramidate ProTide Approach to 4-Azidouridine Confers
Sub-micromolar Potency versus Hepatitis C Virus on an Inactive Nucleoside
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We report the application of our phosphoramidate ProTide technology to the ribonucleoside analogue 4'-
azidouridine to gencrate novel antiviral agents for the inhibition of hepatitis C virus (HCV). 4°-Azidouridine
did not inhibit HCV, although 4’-azidocytidine was a potent inhibitor of HCV replication under similar
assay conditions. However 4"-azidouridine triphosphate was a potent inhibitor of RNA synthesis by HCV
polymerase, raising the question as to whether our phosphoramidate ProTide approach could effectively
deliver 4”-azidouridine monophosphate to HCV replicon cells and unleash the antiviral potential of the
triphosphate. Twenty-two phosphoramidates were prepared. including variations in the aryl, ester, and amino
acid regions. A numnber ot compounds showed sub-micromolar inhibition of HCV in cell culture without
detectable cytotoxicity. These results confirm that phosphoramidate ProTides can deliver monophosphates
of ribonucleoside analogues and suggest a potential path to the generation of novel antiviral agents against
HCV intection. The generic message is that ProTide synthesis from inactive parent nucleosides may be a

warranted drug discovery strategy.

Introduction

The hepatitis C virus (HCV) was identified for the first time
in 1989 as a single-stranded positive sense RNA virus of the
Flaviviridae tamily.! According to the World Health Organiza-
tion (WIO). more than 170 million people are estimated to be
chronically inlected by this virus, which is a major cause of
severe liver disease.?

Al present, treatment options comprise immmunotherapy using
recombinant interferon (often pegylated) in combination with
ribavirin. The clinical benefit of this treatment is limited, and a
vaccine has not yet been developed. The development of
selective inhibitors of essential viral enzymes such as the serine
protease NS3 or the RNA-dependent RNA polymerase NS5k
are expected to improve the potency and tolerability of future
treatinent options for HCV infected paticnts.?*

Nucleoside analogues have already been validated as an
important class of polymerase inhibitors of other viral targets,
such as HCMV, SV, HIV, and HBV.S All antiviral agents
acling via a nucleoside analoguc mode of action need to be
phosphorylated, most of them to their corresponding 5'-
triphosphates. by ccliular and/or viral enzymes. The nucleotide
triphosphate analogues will then inhibit the requisite polymerase
and/or compete with natural nucleotide triphosphates as sub-
strates for incorporation into viral nucleic acid during viral
replication.?

Recently, 4™-azidocylidine was discovered as a polent inhibitor
of HCV replication in cell culture. The corresponding 5'-
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triphosphate was described as a competitive inhibitor. of
cytidylate incorporation by HCV polymerase and a potent
inhibitor of native, membrane-associated HCV replicase in
vitro.®

Interestingly, the corresponding uridine analogue, 4'-azido-
uridine (1), was inactive as an inhibitor of HCV replication in
the cell-based.replicon system.”

It was hypothesized that (1) (1, Figure 1) may be a poor
substrate for phosphorylation by cellular enzymes. The first
phosphorylation step to produce the 5’-monophosphate has often
been found to be the rate-limiting step in the pathway to
intracellular nucleotide triphosphate lorination, suggesting that
nucleoside monophosphate analogues could be useful antiviral
agents. However. as unmodified agents, nucleoside monophos-
phates arc unstable in biological inedia and they also show poor
membrane permeation because of the associated negative
charges at physiological pH.%?

Qur aryloxy phosphoramidate ProTide approach allows
bypass of the initial kinase dependence by intracellular delivery
of the monophosphorylated nucleoside analogue as a membrane
permeable “ProTide” form.'>!! This technology greatly increases
the lipophilicity of the nucleaside monophosphate analogue with
a consequent increase of membrane permeation and intracellular
availability. Previously we have demonstrated the success of
our approach with the aryloxy-phosphoramidate derivatives of
ddA,'0 d4T.!-'2 LCd4A."? and d4A.'014 These nucleotide
monophosphate analogues were shown to exhibit greatly
enhanced activity against HIV compared to the parent nucleoside
analogues in vitro. In contrast to the parent nucleosides, full
antiviral activity of the monophosphatc analogues was retained
in kinase-deficient cell lines, which was consistent with an
cfficient bypass of the first phosphorylation step in HIV infected
cells. Aryloxy-phosphoramidates are considered to be efficient
lipophilic prodrugs of the corresponding 5‘-monophosphate
species in which the two masking groups are represented by an
amino acid ester and an aryl moiety. Alter passive diffusion
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Figure 1. Structure of AZU and its corresponding phenyl-phos-
phoramidate ProTide.

through cell membranes, the suggested activation pathway!s
involves initial enzyme-catalyzed cleavage of the carboxylic
ester, followed by the internal nucleophilic attack of the acid
residue on the phosphorus center, displacing the aryloxy group.
The putative transient, cyclic mixed-anhydride is then rapidly
hydrolyzed to the corresponding amino acid phosphomonoester.
Last, a suggested phosphoramidase activily catalyzes the cleav-
age of the P—N bond to free the nuclecside monophosphatc
intracellularly. In the current study we tested the possibility to
apply our ProTide approach to the inactive 4’-azidouridine (1)
in order to achieve bypass of the first phosphorylation step and
thereby generate novel antiviral agents (2) with potent activity
against HCV.

Results and Discussion

Cheimistry, The synthesis of 1 has been previously de-
scribed.!® To prepare monophosphate prodrugs (2) of | we
initially followed the previously described phosphorochloridate
chemistry for the synthesis of ProTides developed in our
laboratory, using !-incthylimidazole (NMI) as the coupling
agent.'*!71¥ Several attempts were performed using different
conditions {different amino acid esters, different reaction
conditions) without suecessful isolation of the corresponding
aryloxy-phosphoramidate. These initial unsuccesstul attcmpts
might be explained considering the presence of a bulky group
(azido) al the 4'-position adjacent to the coupling site at the
5’-position; in all previously published ProTide examples the
4’-position was unsubstituted.

The method of Uchiyama. was investigated next.” This
approach is based on the treatment of a nucleoside with [ equiv
of a strong organometallic base. such as a solution of rert-
butylmagnesium chloride (tBuMgCl), to form the corresponding
metal alkoxide. In the case of (1), this reaction was observed
to be very rapid and gave yields between 3% and 20% of desired
products. In the first instance, we synthesized 4"-azidouridine
phosphoramidates starting from an unprotected nucleoside. The
apparent reactivity at the 2’- and 3-positions was low, suggesting
high regioselectivity for the reaction at the 5"-position. In this
way it was also possible to synthesize compounds 13, 21, and
26. 1n order to achieve higher solubility in the reaction solvent
(tetrahydrofuran) and increase reactivity at the 5" position. the
2'- and 3'-positions of 1 were protected with a cyclopentyl
group.?” The (inal synthetic pathway (Scheme 1) involves the
coupling of pheny! dichlorophosphate with different amine acid
ester saits (5) to give the corresponding phenyloxy-phospho-
rochloridates (6), which were purified by flash chromatography
and then coupled with the 2°.3"-0,0-cyclopentylidene derivative
7 of (1) in the presence of tBuMgCl (1 M solution in THF).

The deprotection step was performed with a solution of $0%
formic acid in water for 4 h at room temperature (Scheine 2).
Due to the stereochernistry at the phosphorus center, the final
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compounds were always isolated as mixtures of two diastereo-
isomers. The presence of these diastercoisomers in the final
preparations was confirmed by *'P (two peaks), 'tl, and *C
NMR. A total of 22 phenyi phosphoramidates were synthesized
as reported in Table 1. .

We have previously seporled exieusive siructure —acivity
relationship (SAR) siudies of anti-LI1V  phosphoramidales
exploring the amino acid region, including natural amino acid
vatiation,? un-natural e a-dialkyls, stereocherical variation.?
and amino acid extensions®™ and replacements.® In yenceal,
L-alanine and the unnatural amino acid a.a-dimethylglyeine
showed the best activity for the d4T parent molecule versus
IV

Using the previously described method (Scheme 1), we
synthesized the wL-alanine (12), a.-dimethylglycine (18),
cyclopentylglycine (20), L-phenylalanine (22), t-leucine (27),
L-methionine (29), cthy! t-glutamaie (31), and L-proline (28)
phenylphosphoramidates of 1. cach bearing an cthyl ester.
Further investigations on the aminoe acid variation were con-
ducted on a secries of benzyl esters: v-alanine (17). .-
diimethylglycine (19). cyclopentylglycine (21). 1-phenylalanine
(23), t-valine (24). and glycine (25). We further compared the
importance of the stereochemistry at the amino acid position®
by preparing a p-alanine benzyl ester phosphoramidate (26).
On the basis of the L-alanine pheny! phosphoramidate backbonc.
we also explored the SAR of different esters including methyl
(11). ethyl (12), butyl (13), 2-butyl (14), isopropyl (15), reri-
butyl (163, and benzyl (17). In order to have an indircet proof
of phenyl phosphoramidate metabolis, we synthesized the
N-methylglycine (30) and S-alanine (32) analogucs. which were
considered unfavorable substrates according to the postulated
mechanism ol activation.'*

Recently we noted an increase of in wiiro potency ol a
{-naphthyl-phosphoramidate analogue compared to the corre-
sponding phenyl derivative while investigating the anticancer
activity of BVdU phosphoramidates.®® Theretore. similar phos-
phoramidate analogues were also generated for (1). The
synthesis of the T-naphthyl phospheramidate (33) was pecformed
by reacting I-naphthol with phosphorus oxychloride in an almosl
quantitative reaction lo give the corresponding phosphoro-
dichlonidate (Scheme 39, which was then coupled to an amino
acid ester and the nucleoside analogue according o our standard
procedures. In this case, the separation of the two phosphate
diastereoisomers (34 and 33) was achieved by using a sen-
preparative HPLC purilication with elution conditions of 70%
water/30%, acetonitrile. The 'P NMR spectrum showed the
presence of only onc peak for the first of the two fractions
separated, and the 'H NMR spectrum supported the suggestion
of a single diastereoisomer in this case. The second fraction
contained an excess of the sccond diastereoisomer together with
a minor proportion (estimated at 7% by *'P NMR integration)
of the first dinstereoisomer (see Supporting Information for
data). ’

Antiviral Activity. The pheny! phosphoramidates described
above (11—32) were characterized in vitro as inhibitors of HCV
replication in a HCV replicon assay as previously reported.®”
Data are presented in Table 1 as ECsq values (representing the
concentration of compounds reducing HCV replication by 50%:)
and CCsp values (representing the concentration of compounds
reducing cell viability by 50%) as determined using the WST
assay. All compounds showed CCsy values greater than 100 @M.
The parent compound 1 did not inhibit MCV replication
significantly in the replicon system (ECso > 100 yM). In
contrast. a nwnber of phosphoramidate derivatives showed
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Scheme 1. General Synthetic Pathway for the Synthesis of AZU Aryloxy-phosphoramidates
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potent inhibition of HCV 1Lplication Assuming that 4-
azidouridine-5"-triphosphate is the active HCV polymerase
inhibitor, these results support the notion that the active
phosphoramidates successfully delivered 4’-azidouridine mono-
phosphate intraceltulfarly, that 4'-azidouridine (1) is inefficiently
phosphorylated to the monophosphate in replicon cells, and that
#'-azidouridine monophosphate can be phosphorylated to the
S-triphosphate in replicon cells. As shown in Table 2, 4-
azidouridine triphosphate notably inhibited recombinant HCV
polymerase NS5b in vitro, and did so with similar sub-
micromolar potency, like that of the previously described NS3b
inhibitor R1479-TP (4"-azidocytidine triphosphate).€ Therefore,
the application of our phosphoramidate approach shown to be
a successful tool in overcoming the phosphorylation bleck of 1
and converting an inactive nucleoside analogue to a potent
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inhibitor of HCV replication, thus accessing the full potential
of the 4’-azidouridine wiphosphate.

As shown in Table 1, L-alanine derivatives represented a
series of active antiviral phosphoramidates (11—17). Low or
sub-micromolar activity was noted in marked contrast to the
inaciive nucleoside parent (1). The terr-butyl ester (16) was the
least active of the series, which was in agreement with the SARs
previously obtained in the d47T series® and may relate to the
relative stability of tertiary esters to enzyme-mediated hydrolysis.
The tsopropy! ester (15) showed high potency and represented
one of the most active phosphoramidates prepared. Similarly,
the 2-butyl ester (14) was highly active in our assay in contrast
to previous observations with other nucleoside analogues.
Together with the benzyl analogue (17), these three esters
provided the most potent compounds of HCV replication
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Table L. Anti HCV Activity and Cytotoxicity Data tor (1) and Pheny! Table 3. Anti HCV Activity and Cytotoxicity Data for (1) and
Phosphoramidate Nucleotide Analogues [-Naphthyl Nucleotide Analogues
compound amino acid  ester ECse(aM)  CCsa(ueMd phosphorus  amino ECsa CCso
0 Al Ve 3 =100 compound configuralion acid cster (uiviy (M)
12 t-Ala Et 13 =100 33 SIR L-Ala  Ban 022 =100
13 L-Ala Bu 1.2 =100 24 R t-Ala  Ba 039 =100
14 L-Ala 2-Bu 0.63 > 100 35 S Lt-Ala Bn 043 >100
15 L-Ala ile 0.77 =100 17 (Phenyl ProTide) SIR L-Ala Bn 0.6t =100
i6 1-Ala Bu h N =100 4’-azidouridine () =100 >100
17 L-Ala Bn 0.61 =100
18 Me,Gly Et 10.3 > 100
19 Me,Gly Bn 3.4 > 100 activily, displaying an ECs, value of 3.4 uM. Therefore, matrix-
g‘i’ Cl;ﬂ:g:y El >:38 i :83 based optimization of amino acid and ester functions may be
> < = . B
e ;h: o F:’ L i preferred over stepwise approaches.
23 Phe Bn <100 510 The inactivity of the f-alanine (32) and of the N-methyl
24 Val Bn <100 =100 glycine (30) compounds might undertine the presence of un
;2 Gly Bu l-g >100 c-amino acid and a free NH as a minimum requirenient in the
by I‘i‘_":"" E!” 7‘; i;gg amino acid structure to enable the inetabolic activation of
- U = LR N . -
28 Pro Et 6.0 100 ur_\{Ioxy-phosphorz’umdu}es. [owever, the prol:.m: com;_)m_md
29 Vet Et 14 > 100 (with a blocked NH) did show modest (28) activity, pointing
30 N-MeGly  Et >100 > 100 lo a complex amino acid SAR.
3; Z‘X:” E: :}gg >:83 In conclusion, ester varialion was widely tolerated except for
Vosidouridine (1) — - - 100 ~ 100 the lcrA1-bul_\l w hich gave a slight u_(lu(,ll.un in potency in the
L-afanine scries (16) and the benzyl in the case of the
. R - enylalg e -\4',;'- 2 o ANIOE TN neo o :
Setisria 3. Synthietis Pabvay oF s Syt of L('Eh-hmrhaldn'lm -d:.‘l-ll\ \l'n]c (l 3) L Alg[m_mu lc.|11«1|.r1ul -(.h\, most
I-naphthylphosphorodichlaridate effective amino acid, with glycine and Ujalamm :.lu_;vx ing only
o slightly reduced potency. Dimethylglycine, t-leucine, and -
OH R preline also provided compounds with antiviral potencies in a
POCY; & fow micromolar range. It therefore appears that the amino acid
” EioN, dicthyl cter I core cc?uld b."’ E'Onsidcrably '«.-‘arieq 10 gi\._f antiviral azents with
782 C (o I, CO potencies within a 10-fold range in replicon cells. Tmportantly.
3h potency optimization requires consideration of both aminu acid
3 ) .

Table 2. Inhibition of HCV Polymerase (NS5B) Activity in Vitro

[Cso [eeM]
enzyme R1479-TP (4’-azido CTP) 4’-azido UTD
N85B570n-BK 029+ 0.13 0.23 £ 0.0
N85B570-Conl - 032+ 0.0 0.22 +£0.02

inhibitors in the 1.-alanine serics, all having (M inhibition of
HCV. The antiviral activity of these three phosphoramidates
was cxceptional if compared to the parent comnpound 1 (ECsy
> 100 xM), providing strong support tor Lhe notion of ProTide-
mediated kinase bypass.

In the benzyl ester family, t-alanine (17) provided the most
active compound with D-alanine (26) and glycine (25) being
only slightly less potent. These results were striking when
compared to the 60—70 fold reduction in anti-HIV potency for
d4T ProTides with an L-alanine to glycine replacement and a
20—40 fold reduction for the corresponding abacavir Pro-
Tides.2'27 This reinforces our earlier conclusion that a separate
ProTide motif optimization process is needed for cach nucleo-
side analogue versus a given target. [t may be that ccll line
dependent enzyme expression may determine different phos-
phoramidate SARs.

The presence of a methy! (D- and L-alanine, 26 and 17) or
a,a-dimethyl (19) enhanced the activity it compared to larger
and hydrophobic amino acid side chain residues such as L-valine
(24), L-phenylalanine (23), and eyclopentylglycine (21), which
were weakly active in the replicon assay.

An unexpecled correlation was found between amine acid
and ester function. While the t-phenylalaninc derivative was
substantially inactive as a benzyl ester (23}, the corresponding
ethyl ester (22) showed a significantly increused antiviral
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and ester moieties as most clearly shown for the ethyl and benzyl
ssters of the L-phenylalanine analoguces. Moreover, quite distinet
SARs einerged from this family versus HOV as compared to
our prior studies in other families.

We also explored the possibility 1o replace the phenyl
substituent on the phosphate with a more hydrophobic moiety.
F-naphthyl, Previously, we noted an increase of i witro potency
ot 1-naphthyl-phosphoramidates compared to the corresponding
phenyl phosphoramidates when investigating BVdU phospho-
ramidates in an anticancer assay.”® We synthesized 330 the
F-naphthyl analogue of 17 (L-alanine benzy! ester). As shown
in Table 3, compound 33 inhibited HCV replication with an
ECso of 0.22 uM. leading to a further increasc i antiviral
activity (>450-lold) in comparison to 4’-azidouridine (Table
3). One of the two phosphorus diastereoisomers could be
purified using a C-18 reverse phase semipreparative HPLC. One
of the two main fractions oblained showed only one /P NMR
peak. The second {raction was less pure, although the second
diastercoisoner appearcd as the major component ol the
mixture. We have previously reported a incthed for the
predictivn of the phosphorus configuration of such diastereo-
isomers based on & different "1 NMR profile of the methyiene
protons of the benzyl ester.?® Applying this concepl to com-
pounds 34 and 35, we noticed that in one casc (more palar. 35)
a clear AB-system was observed while, for the other diastereo-
isomer (less polar, 34), the two protons displayed an apparent
doublet. Conformational studies were performed using the Sybyl
7.0 sofiware package. The lowest energy conformation found
for each diastereoisomer is shown in Figure 2. Thesc differcnces
in proton profiles can be explained by the ability of one, bul
not the other, diastereoisomer to forin r—s interactions belween
the naphthy! and the pheay! group of the benzy! ester resulting
in a constrained conformation, This interaction can only accur
with the § phosphorus configuration (35) with the two methylenc

Find authenticated court documents without watermarks at docketalarm.com.
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Figure 2. Lowest energy conformations of compounds 34 and 35,

protons becoming nonmagnetically equivalent (AB sysiem). For
the diastercoisomer with R phosphorus configuration (34), this
interaction does not occur and the higher degree of flexibility
around the methylene renders its protons more magnetically
similar (apparent doublet). The biological activities of the
sepurated diastereoisomers (34 and 35) werce cotnparable to cach
other and to the mixture (33) (Table 3).

Interestingly, application of sumilar ProTide methods to the
aclive 4"-azidocytidine gave little or no boost in anti-HC'V
activity (data not shown), implying a rather efficient phospho-
rylation of this nucleoside analoguc. with which ProTide
methods presumably cannot compete.

Couclusion

A series of phosphoramidate ProTides of 4’-azidouridine were
prepared and evaluated as inhibitors of’ HCV replication in vitro.
The phosphoramidate approach provided novel comnpounds with
highly increased potency in the replicon assay when compared
to the inactive parent compound, corresponding to boosts in
anti-HCV potency ot >450-fold. All phosphoramidates tested
were nontoxic in the replicon assay (CCsp > 100 uM). The most
active compound prepared in the series was the |-naphthyl
L-alaning benzy! ester phosphoramidate with an ECsy of 0.22
#M in the replicon assay. The diastercoisomers of this com-
pound were separated by HPLC and their absolute phosphorus
configurations predicted by modeling and NMR. However. they
did not show any differcnces in biological activity. This report
demenstrates the ability of the ProTide approach to successtully

bypass the rate limiting initial phosphorylation of a ribonucleo- .

side analogue and thus confer significant antiviral activity on
an inactive parent nucleoside.

Experimental Section

Biology. HCV replicon assay was performed in the stable
replicon eell line 2209-23 derived trom Huh-7 cells stably trans-
teeted with a bicistronic HCV replicon (genotype 1b) expressing
the renilla fuciferase reporter gene. as described.” The RNA
syuthesis activity of recombinant HCV polymerase proteins was
measured as incorporation of radiolabeled UMP into acid-insoluble
RNA products using HCV genome derived cIRES RNA as a
template in a primer-independent RNA synthesis assay.” Recom-
binant proteins used were truncated at amino acid position 570 and
derived from genotype (b strain BK (NS3B370n-BK) or Conl
(NS5B570-Conl).

Chermistry. General Procedures. All experiments involving
water-sensitive compounds were conducted under serupulously dry
conditions. Anhydrous tetrahydrofuran and dichloromethane were
purchascd from Aldrich. Proton. carbon, and phosphorus Nuclear
Magnetic Resonance ('H, BC, P NMR) speetra were recorded
on a Bruker Avance spectrometer operating at 300, 125, and 202
MHz, respectively. All PC and 1P spectra were recorded proton-
decoupled. All NMR speetra were recorded in CD,0D at roony
temperatare (20 °C 4 3 °C). Chemical shilts for 'Hland '3C spectra
are quoted in parts per miillion downficld from tetramethylsilanc.
Coupling constants ave referred 1o as ./ values. Signal splitting
patterns are deseribed as singlet (s), doublet (d), tiplet (1), quartet
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(), broad signal (br), doublet of doublet (dd), doublet of triplet
{dv). or multiplet (). Chemical shifts for *'P spectra arc quoted in
parts per million relative to an external phosphoric acid standard.
Many proton and carbon NMR signals were split duc 1o the presence
of (phospbate) diastercoisomers in the samples. The mode of
ionization for mass spcctroscopy was fast atom bombardment (FAB)
using MNOBA as matrix. Column chromatography rcfers to flash
column chromatography carricd out using Merck silica get 60 (40—
60 uM) as stationary phasc.

Far convenience, standard procedures have been given, as similar
procedurcs were employed for reactions concerning the synthesis
of precursors and derivatives of ProTides. Variations from these
procedures and individual purification methods arc given in the
main text. Preparative and spectroscopic data on individual precur-
sor, blocked nucleosides are given as Supporting [nformation only
(sce below), excluding only the first example.

Standard Procedure 1: Preparation of 2,3"-0,0-Cyclopen-
tylidene-4-azidouridine Phosphoramidates. ‘BuMgCl (2.0 mol
cquiv) and 2°,3"-0,0-cyclopentylidene-4'-azidouridine (1.0 mol
cquiv) were dissolved in dry THF (31 mol cquiv) and stirred tor
15 min. Then a | M solution of the appropriate phosphorochloridate
(2.0 mol equiv) in dry THF was added dropwise and then stirred
ovemight. A satrated solution of NH4C'1 was added, and the solvent
was removed under reduced pressure to give a yellow solid, which
was consequently purificd by chromatography.

Standard Procedure 2: Deprotection of 2,3'-Protected 4'-
Azidouridine Phosphoramidates. The appropriate 2°,3’-0,0-
cyclopentylidene-4’-azidouridine phosphoramidate was added to a
solutton 80% of formic acid in water. The reaction was stirred at
room temperature for 4 h. The solvent was removed under reduced
pressure, and the obtained oil was purificd by chromatography.

Standard Procedure 3: Preparation of 4’-Azidouridine Phos-
phoramidates via Free Nucleoside. ‘BuMgCl (2.0 mol cquiv) and
4’-azidouridinc (1.0 mol cquiv) were dissolved in dry THF (31 mol
cquiv) and stirred for 15 min. Then a | M solution of the appropriate
phosphorochloridate (2.0 mol cquiv) in dry THF was added
dropwisc and then stirred overnight. A saturated solution of NHy-
Cl was addced, and the solvent was removed under reduced pressure
to give a yellow solid, which was purificd by chromatography.

HPLC Method Used for the Separation of Compound 34 and
33. Varian ProStar instrument using a Polaris C18-A 10u column;
elution was performed using a mobile phabc consisting of water/
acetonitrile 70% H,0/30% CH;CN, 17 min clution time with o flow

of 20 mL/min. Optimal loading on column: 8 mg of phosphora-
midate per run.

Synthesis of 2°,3-0,0-Cyclopentylidene-4-azidouridine 5'-
O-|Phenyl(methyloxy-f.-alaninyl)] Phosphate (Methyl N-{{1-
[(3aRAR6R,6a5)-4-Azido-tetrahydro-4-(hydroxymethyl)-2,2-
eyclopentylfure|3 4-d|'*dioxel-6-yl|pyrimidine-2,4(1H,3H)-
dione} (Phenoxy)-phosphoryl|-L-alaninate). Prepared according
to the standard procedure I, from 2°,3%-0,0-cyclopentylidenc-4'-
azidouridine (150 mg, 0.427 mmol), '‘BuMgCl (0.85 mL, | M
solution in THF, 0.854 mmol), and phenyl(methyloxy-L-alaninyl)
phosphorochloridate (0.85 mL of solution | M in THF, 0.854
munol). The crude product was purificd by column chromatography,
using as cluent CHCl/McOH (95/5). The pure product was a white
solid (156 mg, 0.263 mmol, 61%). &p (ch-CH;OH): 3.14, 3.04; oy
(dy=CH;OH): 7.66 (1H, t, H6-uridinc), 7.35 (2H, t, 2 CH-phenyl),
7.28—=7.19 (3H, m. 3 CH-phenyl), 5.97 (1H, dd, H1-uriding), 5.70
(1H, dd, H5-uridine), 5.12—5.04 (2H, m, H2 -uridine, H3"-uridine),
4.31-4.27 (2H. m, H3'-uridine), 4.01 (1H. m, CHa), 3. 70 (3H, ¢,
CHi-methyl), 2.21-2.1 { (2H, m, CHy-cyclopentyl). 1.79—1.73 (6H,
m, 3 CHj-cyclopentyl), 1.37 (3H, t. CHx-alanine, J = 9.5 Hz).

Synthesis of 4-Azidouridine 5'-0-{Phenyl{methyloxy-L-alani-
nyl)] Phosphate (Methyl N-[{1{2R,35,4R,5R)-5-Azido-tetraly-
dro-3,4-diliydroxy-3-(hydroxymethyl)furan-2-yl)pyrimidine-2,4-
(1H.3H)-dione} (Phenoxy)-phosphorylj-L-alaninate) (11). Prepared
aceording o the standard procedure 2, from 2°,3°-0,0-cyclopen-
tylidenc-#"-azidouridine 5-O-[phenylimethyloxy-L-alaninyl)] phos-
phate (135 mg, 0.222 mmol), and a solution 80% of HCOOH in
watcr (10 mL). The crude was purificd by column chromatography,
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