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Abstract: A novel enzymatic resolution of o-acetoxysulfides has been used as the key step in the synthesis of
the important antiviral nucleoside analogue lamivudine. The synthesis proceeds via a configurationally stable
hemithioacetal which cyclises in situ to form the required oxathiolane nucleus, which can then be converted into
the target nucleoside in 4 steps.

Our continued interest in reactive organosulfur intermediates! has led us to embark on a programme to
develop an efficient enantioselective route to lamivudine (1), a highly promising drug candidate for HIV? and
HBV? infections. Although the two enantiomers have similar potencies, the lower toxicity of the “unnatural”
enantiomer means that enantioselective routes are of considerable importance, particularly if they are amenable to
large scale synthesis. Previous syntheses of the (+)-isomer have used D-mannose4 and D-galactose’ as the
source of chirality, whereas the desired (-)-isomer is available from L-gulose® and (+)-thiolactic acid.” A
procedure using a lipase resolution of an oxathiolane intermediate has recently been reported?® as has a large scale
resolution of (£)-(1).? The 5-fluore derivative of (1) has been resolved by lipase hydrolysis of the
corresponding butyrate ester. 10
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The enantioselective synthesis of lamivudine (1) provides a considerable challenge to the synthetic
chemist due to the presence of two acetal chiral centres, both sharing the same oxygen atom. Current approaches
for the synthesis of homochiral §,0-acetals!! include the use of 7-thiomenthol originally reported by Eliel,!2
and the asymmetric Pummerer reaction.!3 Despite the particularly encouraging work recently reported by Kita
et al.,133-¢ our attempts at using an approach based on the asymmetric Pummerer reaction gave only minimal
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chirality transfer from the sulfoxide, and was also limited due to problems accessing the required homochiral
sulfoxide precursor. !4 We have recently developed an alternative strategy for the preparation of homochiral a-
acetoxysulfides, based on a pseudomonas fluorescens lipase resolution.!5 We now describe how we have used
this new methodology for the synthesis of lamivudine.

The key intermediate ot-acetoxysulfide (4) could be prepared by two routes (scheme 1). Coupling of the
sodium salt of methyl 2-mercaptoacetate (2) with bromoacetaldehyde diethylacetal in DMF, followed by
oxidation of sulfide (3) to the sulfoxide and Pummerer rearrangement (Ac,0, NaOAc, 90 °C) gave (4) in 40%
overall yield. Use of higher temperatures for the Pummerer rearrangement (120 °C) in the absence of NaOAc led
to formation of an enol ether by loss of ethanol. Alternatively, conversion of bromoacetaldehyde diethylacetal
into the xanthate ester, and treatment with ethylenediamine!® gave the thiol (6). Addition of (6) to methyl
glyoxalate!7 in CH,Cl, in the presence of 4A molecular sieves gave an isolable hemithioacetal ((+)-(9)) which
was usually acetylated in situ using Ac,0 and pyridine in CH,Cl, with catalytic 4-(N,N-dimethylamino)pyridine
(DMAP). This route gave a better overall yield (63%), however problems with oxidation of the thiol (6) to the
disulfide led to variable yields in some cases. The dimethy] and dibenzylacetals (7) and (8) were prepared by
analogous routes.
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Reagents and conditions: i} Na, DMF; ii) BrCH,CH(OEY) 5, 52%; iii} mCPBA, CH,Cl,, 96%; iv) Ac,0, NaOAc,

90 °C, 81%; v) KSC(S)OEL, acetone, 95%; vi) HoNCH,CHNH,, 91%; vii) MeOC(O)CHO, CH,Cl,, 4A sieves;
viii) Ac, O, pyridine, DMAP, 73%.
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Scheme 1.

The o-acetoxysulfide (4) can be considered as being similar to the acetate derivative of a secondary
alcohol, and as such is a potential candidate for enzymatic resolution using a lipase catalyst.!8 Our initial
attempts at resolution of (4) using Pseudomonas fluorescens lipase!> (pH 7 phosphate buffer, 30 °C, 2h.) gave
disappointing enantiomeric excesses (e.e.s) with CHCl4 cosolvent, however switching to ‘BuOMe resulted in a
dramatic increase in e.e. (scheme 2). Very similar effects were observed in the case of the dimethylacetal (7). In
the case of the dibenzylacetal (8) no reaction was observed in CHCl,, however again switching to '‘BuOMe
restored reactivity but with lower enantiomeric excess compared to the methyl and ethyl acetals. These, we
believe, are the first examples of the use of an enzyme for the direct resolution of S,0-acetal chiral centres, and
we are currently investigating this reaction in more detail, including other acetal systems. !8 The stereochemical
assignments of the products are in accord with the literature model,!® and have been confirmed by the synthesis
of lamivudine (vide infra).

For our synthetic route to be viable, we needed to be able to convert (-)-(4) into the “sugar” ring with
retention of stereochemistry at the resolved chiral centre. Although relatively little is known about the
stereochemical stability of hemithioacetals (¢.g. 9),29 we believed that under acidic conditions any racemisation
processes (either via dissociation or enolisation) should be sufficiently slow to allow cyclisation onto an adjacent
acetal functionality. Thus treatment of (4) with HCl in dry ethanol induces acetate removal by transesterification
to give the hemithioacetal (9) which cyclises in situ to the oxathiolane (10) with only a minor deterioration in the
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high level of stereochemical integrity obtained from the enzymatic reaction (scheme 2). Concomitant
transesterification of the methyl ester by EtOH solvent is also observed. This reaction can also be carried out in
dry MeOH (66% yield), however the ethanol system gave significantly higher yields and selectivities.
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Scheme 2.

Completion of the synthesis of lamivudine follows conventional nucleoside protocols (scheme 3).
Reduction of the ethyl ester (10) and protection as the benzoate proceeded in 84% overall yield. Introduction of
the base (TMSOTH, silylated N-acety! cytosine (11), MeCN) gave the acetylated cytidine derivative (12) as a 1:1
mixture of o and § anomers, which could be separated by chromatography (SiO5, 2:1 EtOAc/CHCI; to 100%
EtOAc eluent). The individual anomers were then deprotected (NH3/MeOH) to give (1) (87.9% e.e.21), and its
o-anomer (13) (94.2% e.e.2!) both in excellent yield. The optical rotations and chiral HPLC analyses of the
products are consistent with previous literature reports and with those of authentic samples, and provide further
verification of the literature model for the enzymatic resolution. 19,22
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Reagents and conditions: i) LiBH,, ‘PrOH (cat.), THF, 96%,; ii) BzCl, pyridine, CH.Cl,, 88%; iii) Silylated
N-acetyl cytosine (11), TMSOTE, CH,CN, 43%; iv) NH,;, MeOH, 98% (both anomers).
Scheme 3.

In conclusion, we have utilised our recently developed methodology for the enzymatic resolution of -
acetoxysulfides in an enantioselective synthesis of the important antiviral agent lamivudine. We are currently
extending this methodology further to related systems, and developing new synthetic procedures involving the
use of homochiral acetals.
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