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Abstract: The synthesis and antiviral evaluation of 2',3'-dideoxy and 2',3-didehydro-2',3"-dideoxy 4'-
thionucleosides in both cnantiomeric series are described. Enantiomeric  4-O-silylated-4-
hydroxymethyl-4-thiobutyrolactones, produced in high yield from chiral glycidols, provided suitable
chiral synthons: phenylsclenation of these intermediates resulted in anomeric selectivity in nucleobase
glycosidations. L-d4-cytidine analogues showed marked anti-HBV and anti-HIV activity.

The search for new nucleoside analogues as potential chemotherapeutic agents to combat viral infections
has produced numerous variations in the sugar portion of the molecule.3 There had been, until recently,
surprisingly little interest in compounds in which the ring oxygen had been replaced by sulphur,? largely due to
difficulties in the large-scale synthesis of 4-thiopentofuranosides. However, recent synthetic developments have
led 10 examples of 4'-thionucleosides with, inter alia, 2'-deoxy> (1), 2',3-dideoxy® (2) and 2',3'-dideoxy-3'-C-
hydroxymethyl? (3) substituents: several of these compounds have exhibited potent anti-viral activity.
Nucleoside analogues with the unnatural or L-configuration, such as L-ddC,8 3TCY and FTC!Y, which have
shown marked anti-viral activity and, significantly, better selectivities than their corresponding D-enantiomers,
have provided the stimulus for further work. In this paper we report on the high-yielding synthesis of both
enantiomers in the pyrimidine 2',3'-dideoxy-4'-thio series from chiral thiolactones. This methodology was
developed, through the incorporation of a 2-phenylselenyl ligand, to introduce anomeric selectivity which
facilitated the first synthesis and antiviral evaluation of pyrimidine 2',3'-didehydro-2',3"-dideoxy-4'-
thionucleosides (4), 4'-thio analogues of the recently licensed d4T,!! with both D- and L- configurations.
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The enantiomeric thiolactones (5) and (6),!2 the key chiral intermediates in our synthesis, were prepared
as follows: (S)-(-)-glycidol was converted to its zertbutyldiphenylsilyl ether (7)13 and reacted with thiourea in
methanol 4 to give the (R)-thiirane (8) with clean inversion of configuration.}S (Scheme 1). The conversion of
(7) to the (4S)-2-methoxycarbonyl thiolactone (9) was achieved by reaction with dimethyl malonate and sodium
hexamethyldisilazide in refluxing thf; careful control of concentration minimised side-products due to thiirane
polymerisation.16 After demethoxycarbonylation, a short column was employed, as the only purification step,
to produce >100 g lots of (5) in 65% overall yield, with enantiomeric excesses between 82 to 91%, as
measured by chiral hplc.17 Similarly, (R)-(+)-glycidol was converted to the (R)-lactone (6).
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Scheme 1

Either thiolactone [exemplified in Scheme 2 by (R)-(6)] was converted to the corresponding thiolactol
acetates (10) by reduction with diisobutylaluminium hydride in toluene at -78 ©C and subsequent acetylation in
90% yield (Scheme 2). Glycosylations were achieved, in a similar fashion to the published procedures,® by
reaction of these acetates with the bis(irimethylsilyl)-derivatives of a number of substituted uracils and
cytosines, in the presence of tin(1V) chloride in acetonitrile, forming the 5'-O-silylated nucleosides (11, P = [Si])
as a mixture of anomers (~1:1 ratio!8), which could be separated at this stage by flash chromatography. Better
yields were obtained for cytidine glycosylations by using potassium nonaflate, trimethylsilyl chloride and
hexamethyldisilazide. The enantiomeric deblocked nucleosides (11, P = H), with both anomeric configurations

as listed in Table 1, were obtained by fluoride cleavage of the silyl protecting group.!?
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Table 1: D and L 2',3'-dideoxy-4'-thio-Pyrimidine Nucleosides Synthesised.

R R

R R
HOH,C S NYII\ HOH,C SN I\ HOH,Cy, S\ N IN HOH,C/, S N IN
N Ot Y

a-D B-

B-D L a-L
Uridines, Y = O, Uridines, Y = O, Uridines, Y = O, Uridines, Y = O,
R =H, Me R =H, Me R =H, Me R =H, Me

R = Et, Br (Mixed ov/3)

Cytidines, Y = NH Cytidine Y = NH Cytidines,Y =NH  Cytidine, Y = NH
R=H R=H, R=H R=H
R = F (Mixed o/f) R = F, I (Mixed o/p)

Thiolactones (5) and (6) provided a useful entry to 2',3'-didehydro-2',3'-dideoxy-4'-thionucleosides, a new
class of compounds, using methodology developed in the cotresponding oxa-series.?® Thus O-silyl-(S)-
thiolactone (5) was phenylselenated at the 2 position, via the in situ generated trimethylsilyl keteneacetal, which
produced better diastereofacial selectivity than with the 4-oxa analogue.20¢ This selectivity was further
improved by optimising the quenching conditions; adding saturated aqueous sodium sulphate to the reaction
mixture maintained at -78 OC produced (12) with at least 15:1 a- to B-face selectivity.21 Reduction and
acetylation of (12) was achieved as described for (10), which furnished the desired glycosylating agent (13),
reproducibly in >75% yield from the thiolactone (5) (Scheme 3).
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i) LIN(TMS)2, thf; then TMS-CI, then PhSeBr, all in situ at -78 ©C,
i) DIBALH, PhMe; then Acy0O, DMAP, DCM.

Scheme 3

Coupling of (13) with bis-O-silylated uracil-derived bases, in the presence of tin(IV) chloride in
acetonitrile, furnished the glycosylated products (14) (Scheme 4) in 50 to 90 % yield with 15:1 or better
selectivity for the desired B-anomer, yielding pure B-product after flash chromatography. The literature has
seen some debate as to the origins of similar directed glycosylations.22 We have observed that when cytosine
was glycosylated under our preferred conditions, using potassium nonaflate / trimethylsilyl chloride /
hexamethyldisilazide, [-selectivity was maintained, perhaps demonstrating a minor influence of tin co-
ordination on the directing effect in our system.

The 2'-selenyl functionality was removed either reductively with wributyltin hydride,23 or via selective
selenium oxidation with mCPBA,24 then elimination. The reductive deselenation, which gave the 2',3'-dideoxy
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uridine and thymidine analogues (15) with anomeric selectivity, worked well on 100 mg scale in 70% yield, but
was of little utility on larger quantities. Indeed, a gram scale reaction gave <15% yield of the required uridine
contaminated by ~20% of the a-anomer, a consequence of partial scrambling of the all B-substrate. In contrast,
oxidative elimination of the selenyl functionality worked well and was amenable to scale-up. This introduced,
regiospecifically, the olefinic functionality of the novel 2',3'-didehydro-2',3'-dideoxy analogues (16) in >70%
isolated yield. The silyl protecting group was removed in typically >85% yield with tetraethylammonium
fluoride in thf-methanol. The products (17) were conveniently handled as lyophilised solids after purification on
silica flash columns, eluted with gradients of methanolic ammonia in chloroform. The enantiomeric compounds
(18), with the unnatural or L-configuration, were similarly synthesised from the (R)-thiolactone (6) (Table 2).
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Table 2: D and L 2',3'-didehydro-2',3'-dideoxy-4'-thio-Pyrimidine Nucleosides Synthesised.
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All reported compounds were screened in vitro for antiviral activity against the following viruses: HIV
(HeLa CD4 cells), HSV-1 (Vero), HSV-2 (Vero), VZV (MRCS5), HCMV (MRCS), Influenza (MDCK), and
HBYV (Hep G2/PSA). Marked inhibition of the replication of Human Immunodeficiency and Hepatitis B viruses
was observed with the L-d4-cytidine analogues (Table 3), with no associated toxicity. The activity appears to
reside in this unnaturally-configured series and the low levels of activity observed with the D-d4C compounds
are probably due to ~7% of the enantiomer present. No other activity was seen up to 100 UM concentrations.

Table 3: In vitro Antiviral Evaluation of Cytidine Analogues: representative IC 5¢ figures in pM.

B-D-Configuration B-L-Configuration
2',3' Substitution | dd dd d4 d4 dd dd d4 d4
S-Substituent H F H F H F H F

HIV-(HeLa CD4) | 38 >50 23 <50 >50 >50 0.8 0.4
HBV-(HepG2) >100 | >100 |15 >50 >100 | >100 0.8 35
CCip50 (Vero) >500 | >500 | >500 | >500 [>500 [>500 |>500 | >500
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