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Abstract: A variety of a-acetoxyethers can be prepared by addition of an alcohol to a
glyoxylate and in situ acetylation using acetyl chloride. They can then be resolved using
Pseudomonas fluorescens lipase. Selectivity is highly dependent on the substrate, with high
enantiomeric excesses achieved in most cases, with some notable exceptions. Use of alternative

lipase enzymes helps overcome such limitations. © 1999 Elsevier Science Ltd. All rights reserved.

There is currently considerable pharmaceutical interest in nucleoside analogues due to their potential to
act as antiviral, antibacterial, and anticancer agents,' Of particular interest to us are the 3,5-diheteronucleosides®
such as Lamivudine (3TCT™7 1)* and dioxolane C 2* which exhibit anti-HIV, anti-HBV and anti-cancer’
activity. Because of the different activity and toxicity profiles of the two enantiomers of such compounds,

highly enantioselective routes are required for their synthesis.™*
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We have previously reported a synthetic route to Lamivudine where the key acetal chirality was
introduced via a novel enzymatic hydrolysis of a racemic ¢t-acetoxysultide using Pseudomonus fluorescens
lipase (PFL).® The preparation of homochiral secondary acetates by enzymatic resolution is a well established
procedure, often giving very high selectivities with appropriate substrates.” There are a_ limited number of
examples of enzymatic resolutions of O,0-stereogenic centres®'’ however all these involve a specific substrate,
and did not fully investigate the viability and generality of enzymatic resolution as a means of homochiral O,0-
acetal synthesis. The potential of chiral acetals in stereocontrolled synthesis'' and our previously developed .-
acetoxysulfide methodology, led us to embark on a programme to extend this work to the equivalent o-

acetoxyethers.
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The o-acetoxyether substrates Sa could be readily prepared via a convenient ‘one-pot’ procedure
involving addition of an alcohol to methyl'* or menthy!'* glyoxylate followed by in situ acetylation of the
intermediate hemiacetal (Scheme 1). This is analogous to the method we developed for a-acetoxysulfide Sb
synthesis which involved addition of a thiol to an aldehyde and subsequent acetylation of the resultant
hemithioacetal intermediate using acetic anhydride in pyridine.® Comparison of equivalent ci-acetoxy-sulfide
and -ether systems revealed a general trend for lower yields in the case of the a-acetoxyethers. with more
reactive acylating agents (acid chlorides) being required to give acceptable yields (see table). This suggests the
position of equilibrium for formation of hemithioacetal 4b lies further towards association than for hemiacetal

da, although both favour association rather than dissociation with glyoxylate precursors.
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Scheme 1.

With these substrates in hand, we began to investigate the enzymatic hydrolvsis reaction.
Pseudomonas fluorescens lipase was employed due to its previous success in the resolution of «-
acetoxysulfides. We were very pleased to observe that the switch from oxygen to sulfur did not alter the
efficiency of the reaction in most cases, although with certain substrates there was a tendency for the reaction to
proceed further than the optimum 50% conversion (table 1). It is worth noting the considerable variance in
reaction timescale which ranges from <lhour (entry 6) to >10 hours (entries 7 and 12). The hemiacetal 4a
byproduct could clearly be seen in NMR spectra of the crude reaction mixtures, however on purification using
column chromatography, only the resolved acetate and alcohol (from decomposition of 4a) could be isolated.”

Excellent selectivity is observed with methyl esters (R' = Me) and a variety of ether substituents (R7).
There are however some particularly notable exceptions. When R is a long alkyl chain, generally good
selectivity is observed (entries 1.2 and 3), including those substrates containing a terminal alkene. However.
the penteny! substituted substrate (entry 5) gives anomalously low selectivity even though the reaction proceeds
refatively quickly. Similar, but less dramatic results, are observed with the bromopropy! system (entry 3).
although this is perhaps more understandable considering the combination of atom size and electronic effects
of the bromine substituent. Cinnamy! (entry 6) and benzyl (entry 7) substituents are tolerated well. however
with methylenecyclohexane. no reaction is observed even after prolonged reaction times. This may be due to a
combination of steric effects and the enhanced hydrophobicity of the cyclohexyl group. High
chemoselectivity is observed for acetate hydrolysis. even in the presence of multiple ester functionality
(entry 8). Note also that diethylacetal groups remain intact under the mild reaction conditions (entries 9 and
12). Steric effects close to the «-acetoxyether chiral centre would appear to dramatically reduce the rate of
hydrolysis as demonstrated by the isopropyl substituted substrate (entry 10).

As with most lipase catalysed resolutions the stereoselectivity of the hydrolysis can often be
rationalised as being controlled by the relative sizes of the two groups either side of the reacting chiral acetate
centre.” If the smull methyl ester group is replaced with a much larger menthyl ester, then this would be
expected to reverse the absolute stereochemistry at the chiral centre being resolved. The menthyl substitutent is
useful in this case as it ullows direct reading of diastereomeric purity by '"H NMR without requiring shift
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reagents or relying on other techniques. Use of a menthyl group also complicates the situation due to its
chirality and inherent optical rotation, however the van't Hoff superposition principle suggests that the new

acetal chiral centre contributes a negative rotation.'®

Rj\Oj\/O‘Rz Pseua’omonc‘zs Sluorescens lipase R1\Ofk'/o‘R 5 - R1\O)OJ\{O‘R2
Sae pH 7 buffer, TBME, 30°C Lac 8
(52) (6) (4a)
Entry ! R'O R2 " Yield | t(h) |Yield |[de oree| [«Pn() |E
1 iof(Sa) of (6)°] of (6) (%)
1| CH0 | CHpsCHy, | 71 [ 175 43 | 505 243 |29
2 | CHO | -CHCH=CH, | 58 | 94 | 32 | 95 315 |16
3 CH,0 -(CH2)ZCH=CH2! 40 [ 25 | 37 90 247 L25
4 [ CHiO | -(CH2iCH=CH, 62 | 15 | 47 19 | 88 |1
5 | CH;0 -(CHyBr | 43 46 | 43 53 +15.7 6
6 | CHO | -CH,CH=CHPh | 75 | 08 | 39 >95 391 (145
7 | CHz0 -CH,Ph ! 63 | 125 35 >95 +34.2 81
8 | CH;0 | -CH,COft \ 67 | 35 | 27 >95 564 |25
9 | CH0 | -CHoCH(OEY), 66 | 90 | 37 >95 +21.4  [145
10 | CH30 -CH(CHz), | 49 | nr®| - -

11 | CH,0 | -CH,c-CoHys . 59 | nr2 | — -

12 ‘L-Menthle{ -CH;CH(OEt), | 78 14.5 | 38 789 -61.1 (-36.0)° 99

13 [L-Menthyll -CH,CH, | 69 | 475 as 93¢ 881 (756)° (853 |

- - S
%1 r. = no reaction; °Standard conditions: 100mg substrate. phosphate buffer (pH7. 2ml). rers-butyl
methvl ether (1ml), PFL (8-10mg), 30°C, time (h); “Determined by 'H NMR using (-)-Eufhfcy:
‘%Determined by '"H  NMR; “Optical rotation  of  diastereomeric  mixture:
E=tin[(1-c)(1-ee )]}/ {In[(1-c)( 1 +eey)]}.

Table 1. Yields for c:-acetoxyether formation and results of hydrolysis experiments.

At present, the absolute contigurations of the products have not been unumbiguously determined. a
situation which is further confused by differing signs of optical rotations in the resolved products. Previous
results had been much more consistent in their signs. although of course, differing substitutents cun eusily lead
to significantly different optical rotations.

Although some substrates were not resolved efficiently. use of altemnative lipuse enzymes helps
overcome such limitations. For example, the penteny! substituted substrate (table 1. entry 4) 15 resolved with
excellent efficiency using Mucor miehei lipase (MML) by methyl ester hydrolysis (scheme 2. eqn. 1).
Similarly, the isopropyl substituted substrate (table 1, entrv 10) is efficiently resolved using Candida

eviindracea lipase (CCL) (scheme 2, eqn. 2).
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2 54% vyield, 46% e.e.,

(0]
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OAc [ct]g0 -21.4°

Scheme 2.
In conclusion, we have demonstrated the enzymatic resolution of a broad range of a-acetoxyethers

achieving very high levels of stereocontrol in many cases, and good to moderate yields. We are currently using
this new chemistry in the synthesis of 2, and are investigating the possibility of extending this methodology
further to related systems. and developing new synthetic procedures involving the use of homochiral acetals.
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