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Abstract

Lipases from porcine pancreas,Candida cylindraceaandMucor miehei(adsorbed on support, Lipozyme® IM)
catalysed int-butylmethylether the alcoholysis ofrac-conduritol-B peracetate, (±)-1, by n-butanol to give enan-
tiopure (2S,3S)-diacetoxy-(1R,4R)-dihydroxycyclohex-5-ene, (−)-3, and (1S,2R,3R,4S)-tetraacetoxy-cyclohex-5-
ene, (+)-1. The enantioforms (+)- and (−)-conduritol-B, obtained after chemical hydrolysis of (−)-3 and (+)-
1, respectively, may be employed to prepare both the enantiomers of conduritol-B epoxide and cyclophellitol,
powerful inhibitors of glycosidases. © 1999 Elsevier Science Ltd. All rights reserved.

A remarkable interest in the preparation of chiral conduritols (5-cyclohexen-1,2,3,4-tetrols) exists
today because these polyalcohols may be used as starting material in the preparation of densely-
functionalised molecules, including inositol derivatives and pseudosugars, which exhibit important
biological activity.1

The presence of four stereogenic carbon atoms in the framework of conduritols allows them to exist
in 10 different stereoforms, two of which aremeso-compounds, conduritol-A and -D, while the others
constitute four enantiomeric couples, conduritol-B, -C, -E and -F, respectively. Due to their synthetic
importance, the preparation of these tetrols in enantiopure form and the selective transformation of the
OH functions present on the cyclohexene skeleton is particularly useful but not always readily performed.
In this context biocatalysed procedures can afford easy and stereocontrolled access to enantiopure
conduritols. Thus, an efficient desymmetrisation by esterification in the presence ofPseudomonassp.
lipase ofmeso-conduritol-A 1,4-diester, previously transformed into the corresponding 2,3-ketal, has
been reported by Johnson et al.,2 whereas in our laboratory a highly enantioselective asymmetrisation of
conduritol-D tetraester has been obtained through transesterification mediated byMucor mieheilipase.3

The same lipase catalysed the enantiomeric alcoholysis of conduritol-E tetraacetate or 1,2-diacetate
producing, at the same time, selective partially protected derivatives, profitable for synthetic purposes.4
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Table 1
Biocatalysed alcoholysis of conduritol-B tetraacetate, (±)-1a

Within our research project that foresees the development of enzymatic procedures to prepare enantio-
pure bioactive cyclitols, we have taken into consideration the preparation of both (+)- and (−)-conduritol-
B by lipase mediated kinetic resolution of the corresponding racemic peracetate, (±)-1, readily available
in high yield from benzoquinone.5

In a preliminary investigation tetraester (±)-1, dissolved int-BME, has been treated withn-butanol
in the presence of three different lipases. Lipase from porcine pancreas catalysed the alcoholysis of
tetraacetate (±)-1 with a moderate rate to give, after 4 h, a triacetate (−)-2 as the main product, whose
1H NMR spectrum was consistent with the presence of a free OH group in the allylic position of
the molecule. GC analysis on a chiral column of this compound, as its peracetate (−)-1 obtained by
conventional acetylation, evidenced its enantiopure nature;6 conversely its chemical hydrolysis gave (−)-
conduritol-B, (−)-4, allowing assignment of the 1R,2S,3S,4R configuration to triester (−)-2 (Table 1).

In a reaction prolonged for 24 h, in addition to (−)-2, diester (−)-3 in 30% yield and enantiopure form
was observed. The formation of this diester in the alcoholysis process is possible because triester (−)-2
possesses a second function at C-4 of adapted configuration so becoming itself a new substrate for the
lipase.

The reaction catalysed by lipase fromCandida cylindraceagave comparable results in terms of
products formed and enantioselectivity but showed a very low reaction rate. Conversely, when lipase
from Mucor mieheiadsorbed on support (Lipozyme® IM) was employed, after a 4 h reaction, (±)-1
suffered 30% of conversion to give homochiral enantiopure (−)-2 and (−)-3 in equal amounts.7

All the lipases utilised possessRstereopreference. It is noteworthy that ester groups located on C-2 and
C-3 in the enantiomer (+)-1, although having the suitable configuration, do not undergo any alcoholysis.
This unreactivity can be interpreted in terms of steric hindrance exercised by the vicinal allylic ester
group.

Since Lipozyme catalysed the alcoholysis with the best rate, it was selected to perform the alcoholysis
of conduritol (±)-1 on a two gram scale. After 24 h the reaction mixture contained (−)-3 and the
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unreacted (+)-1 in a 1:1 ratio. Chromatographic purification on Silica-gel column (eluting with ethyl ace-
tate:hexane, 6:4) furnished (−)-3 (44% yield, >98% ee)8 and (+)-1 (47% yield, >98% ee).9,10 Treatment
of diester (−)-3 and tetraester (+)-1 with MeOH:NH4OH, 9:1, afforded, quantitatively, (1R,2S,3S,4R)-
1,2,3,4-tetrahydroxy-5-cyclohexene, (−)-4, and (1S,2R,3R,4S)-1,2,3,4-tetrahydroxy-5-cyclohexene, (+)-
4, respectively.11

From a synthetic point of view, theC2 symmetry of conduritol-B allows the exploitation of (+)- and
(−)-4 to prepare, in a highly diastereospecific manner, two different cyclitols (see Scheme 1), already
proven as having inhibitory activity versus glycosidase. Their direct oxidation with 3-chloroperbenzoic
acid can give both the enantiomers of conduritol-B epoxide.12 The selective oxidation with PtO2 of one
of the allylic OH functions present in conduritol-B enantiomers, followed by exhaustive benzylation,
leads to the corresponding enones (+)- and (−)-5,13 of which the former has been employed as the chiral
key-intermediate in an elegant synthesis for (+)-cyclophellitol, recently reported by Letellier et al.14

Scheme 1.

Further investigations are being carried out in our laboratory to prepare regioselective partial enantio-
pure esters of conduritol-B, to be used as starting material in the preparation of new chiral cyclitols.
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