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Preparations of Bicyclic Chiral Lactone Synthons via Stereospecific Pig Liver Esterase-
catalysed Hydrolyses of meso-Diesters. Ring-size induced Reversal of Stereospecificity

Gabriele Sabbioni, Marion L. Shea, and J. Bryan Jones*

Department of Chemistry, University of Toronto, Toronto, Ontario, Canada M5S 1A1

Stereospecific pig liver esterase-catalysed hydrolysis of monocyclic meso-1,2-diesters provides a convenient
preparative route to both enantiomers of useful chiral lactones and demonstrates a sharply defined and
unprecedented ring-size-mediated reversal of stereospecificity.

The ability of enzymes to catalyse stereospecific trans-
formations of meso-compounds into valuable chiral synthons
is now established as a method of considerable value in
asymmetric synthesis.!—3 For the preparation of useful* chiral
bicyclic lactones such as (9)—(12), the most versatile enzyme
so far documented is horse liver alcohol dehydrogenase.!

However, alcohol dehydrogenases suffer from the disadvan-
tage that expensive and unstable nicotinamide coenzymes are
required.> We now report that the coenzyme problem can be
avoided in bicyclic lactone preparation by exploiting a
cofactor-independent hydrolase such as pig liver esterase
(PLE).3 In addition a very clearly defined and novel reversal
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Scheme 1. i, PLE, 20°C, pH7, 2—6h; ii, BH;-Me,S; iii, (a) CICO,Et, NEt;, (b) NaBH,; iv, LiBH,. The products [except (+)-

(18,2R )-(11), 17% e.e.] were obtained in >97% e.e.

of stereospecificity has been observed. PLE-catalysed
hydrolyses of the meso-diesters (1)—(4) give the correspond-
ing half acid esters (5)—(8) (Scheme 1). These chiral
intermediates may then be converted into either lactone
enantiomer of the compounds (9)—(12) via selective reduc-
tion of the carboxy6.7 or ester® group.

Preparative-scale (up to 3g of substrate) PLE-catalysed
hydrolyses of the meso-diesters (1)—(4)° were effected at
pH7.% For the diesters (1) and (2), the hydrolyses were
enantiotopically specific for the pro-S methoxycarbonyl
group. The ease with which either lactone enantiomer can be
obtained from such acid-ester products was demonstrated by
the conversion of (—)-(1R,2S5)-(5) and (—)-(1R,25)-(6) into
(+)-(1R,28)- and (—)-(15,2R)-(9) and (—)-(1R,2S5)- and
(+)-(18,2R)-(10), respectively.

With the cyclopentyl substrate (3), the enzyme’s stereo-

+ The results of <100% enantiomeric excess obtained in other
PLE-catalysed meso-diester hydrolyses performed at pH 8 were due,
at least in part, to competing chemical hydrolyses at the higher pH
(ref. 3).

specificity changed, with a marginal pro-R enantiotopic
specificity of ester group hydrolysis being manifest in a 17%
enantiomeric excess (e.e.) of the product lactone (+)-(1S,
2R)-(11). The reversal of stereospecificity became complete
for the cyclohexyl diester (4), with the optically pure lactone
(+)-(18,2R)-(12) being isolated after the reduction step. The
e.e.s. of the lactones (9)—(12) were established by n.m.r.
spectroscopyl® and are considered accurate to within £3%.
The absolute configurations were assigned by comparisons
with authentic samples obtained previously.!

In addition to extending the synthetic value of pig liver
esterase-catalysed hydrolyses to an important group of chiral
synthons, the reversal of stereospecificity that these data
reveal represents a fascinating and highly significant new
aspect of the enzyme’s properties. While some inversions of
enzyme stereospecificity within structurally related series of
substrates are known,>-!1 the dramatic ring-size mediated
reversal reflected by the current data is, to our knowledge,
unprecedented. Further investigation of the factors control-
ling this stereospecificity reversal are in progress.
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