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Abstract

Enzymatic desymmetrization ofmeso-4-methyl-3,5-syn-dioxolan-1,3,5,7-tetrol was found to be highly enantio-
selective leading to both acetylated enantiomers with high enantiomeric excess. © 1998 Elsevier Science Ltd. All
rights reserved.

Optically active polypropionate units with alternating hydroxyl and methyl groups with a distinct
stereochemistry, are important fragments of the carbon framework of many natural products, especially
macrolide antibiotics1 and ionophores,2 possessing high biological and pharmacological activity. Many
strategies have been developed towards the synthesis of such compounds, mainly starting with a chiral
synthon followed by successive homologation in a stereoselective fashion. Among them, sequences
involving asymmetric aldol reactions3 followed by stereoselective reduction have been successfully
developed.4

A possible alternative strategy could be employed starting from the so-called ‘stereotriad’ of type1 or
2 with defined relative configurations (Fig. 1). If these synthons possess appropriate different functions
at the ends, then this could allow an extended side chain homologation to various polypropionate
derivatives. Stereotriads withsyn–synor anti–antistereochemistry possess ameso-structure which could,
in principle, be desymmetrized by chemical or by biocatalytic methodologies. So far the biocatalytic
approach has been successfully used for the preparation ofsyn–syn5 andanti–anti5,6 stereotriads of type
1, while no report has appeared on the preparation of stereotriads of type2, by desymmetrization of the
appropriatemeso-compound.

Previous reports from this laboratory have described the preparation (by enzymatic reactions)7,8 and
the utilization of the new chiral building block (+)-3 and its enantiomer (−)-3 as a skipped 1,3-syn-polyol.
Optically active compound3 has been prepared in a seven-step sequence from 3-benzyloxypropanol on
a multi-gram scale.
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Fig. 1.

The title compound3 has already been transformed into a series of mevinic acid analogues7b and
utilized for the synthesis of the C1–C10 fragment of the macrolide antibiotic nystatin A1.8

A similar reaction sequence can be utilized for the preparation of the appropriate stereotriad of type2.
As outlined in Scheme 1, the aldol condensation of methylpropionoacetate with aldehyde5 (prepared
from commercially available4), produced a separable diastereomeric mixture of aldols6a and 6b,
with a relevant preponderance of thesyn-diastereoisomer.9 The more abundant aldol6a was then easily
transformed by a series of conventional reactions into the final tetrol8 or its acetyl derivative9.

Scheme 1.a. PCC, CH2Cl2, r.t., 24 h, 82%;b. NaH 60%, n-BuLi, 0°C, 1 h, 40%;c. Et3B/MeOH, NaBH4 in THF,−65°C, 3 h,
89%;d. (CH3)2C(OCH3)2, CSA, r.t., 3 h, 81%;e. LiAlH 4, THF, r.t., 2 h, 100%.f. Pd/C, H2, EtOH, r.t., 1 h, 82%;g. Ac2O, pyr.,
r.t., 12 h, 99%

meso-Compounds8 and 9 were then subjected to biocatalytic desymmetrization, by screening dif-
ferent common enzymes. As shown in Scheme 2, both transesterification (with PPL and PFL)10,11 and
hydrolysis (with PFL)12 proceeded, with varying chemical yields and with high enantiomeric excess,13

to afford enantiomerically pure compounds10 and 11,14 whose absolute configuration has not yet
been determined. It is worth noting the observed enzyme ability (already demonstrated in the related
desymmetrization of the chiral synthon3), to distinguish between the two enantiotopic primary hydroxy
groups which are two carbons from the six membered acetonide. It is also surprising that PFL, in both
hydrolysis and transesterification, afforded the same enantiomer (−)-11, while normally it is known that
PFL gives complementary enantioselectivity in the two reactions.

In conclusion, an easy access to a new chiral functionalized stereotriad stereoisomer,15 whose sub-
structure is present in many polypropionate chains of biologically active natural products,16 would allow,
by homologation sequences, the preparation of more extended products of the polypropionate chains.
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Scheme 2.
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