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Abstract

An useful A-ring building block for the total synthesis of vitamin D3 congeners, compound 7, has been
prepared starting from vitamin D2 by a chemo-enzymatic approach that relies on lipase-catalyzed acylation
in an organic solvent for the stereoselective step. # 2000 Elsevier Science Ltd. All rights reserved.

Vitamin D3 1a is a steroid-like vitamin that controls calcium homeostasis and bone
mineralization through its hormonally active form 1a,25-dihydroxycholecalciferol, calcitriol 1b,
that also shows many other important biological activities on cell di�erentiation and proliferation
or on immunological competent cells.1 Therefore, considerable e�ort has been made towards the
synthesis of structurally related congeners that show interesting pharmacological applications,
such as, for instance, calcipotriol 2, that has recently been introduced into clinics for the
treatment of psoriasis.2
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Synthetic approaches to vitamin D3 congeners include the elaboration of structurally related
steroid compounds or total synthesis starting from suitable cyclic precursors.3 A method for the
preparation of the two cyclic fragments corresponding to the A-ring and the de-AB-cholestane
derivative by oxidative cleavage, described for vitamin D3 1a,

4 has been applied by us to vitamin
D2 3 that di�ers from vitamin D3 1a in the side chain (Scheme 1).5

Both cyclic intermediates 4 and 5 are valuable cyclic building blocks for the total synthesis of
vitamin D3 analogues and have been isolated in 44 and 60% yield, respectively.6 The cleavage
of the double bond of compound 5 and further elaboration would permit the construction of
modi®ed side chains,7 whereas for the introduction of the C-1 hydroxy group it has been reported
that the epoxidation of the 5,6-double bond in compound 4 is needed in order to protect the 4-
position by undesired oxidation (Scheme 2).8 The stereochemical control of the C-1 hydroxylation
depends on the stereochemistry of the 5,6-epoxide, since the oxidation of the stereochemically
pure a-epoxide 6 leads mainly to the wrong C-1 a-hydroxylation product 8a, whereas only from
the b-epoxyalcohol 7, could the epoxytriol 8b be obtained with the required con®guration of the

Scheme 1. Reagents: (a) KMnO4, EtOH/H2O; (b) TBDMSCl/imidazole/DMF; (c) Pb(OAc)4, C6H6; Red-Al,
C6H5CH3

Scheme 2.
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C-1 and C-3 hydroxy groups.8 However, depending on the epoxidation procedure, the
diastereomerically pure a-epoxide 6 (m-chloroperbenzoic acid) or prevalent b-epoxyalcohol 7
(vanadyl acetylacetonate/tert-butylhydroperoxide, 7:6, 6.3:1 ratio) can be prepared.8 In our
hands, the vanadyl acetylacetonate/tert-butylhydroperoxide epoxidation of compound 4 a�orded
a 3:1 (b:a) diastereomeric ratio of the epoxides9 and only a careful puri®cation by column
chromatography a�orded the required epoxyalcohol 7.10

We therefore decided to investigate the stereoselectivity of a lipase-catalyzed acetylation of the
above mixture.11 A few lipases did not work successfully or were not selective for preparative
purposes.12 Only Candida antarctica lipase13 catalyzed the required acetylation and, using vinyl
acetate as solvent and reagent, in 0.75 h from the above a/b-epoxides 6 and 7 mixture the pure
unreacted b-epoxyalcohol 7 and a 75:25 mixture of a- and b-epoxyacetates 9 was obtained
(Scheme 3).14

We have also veri®ed the enzymatic preference for the a-stereoisomer in the above
transesteri®cation, preparing the a-epoxyalcohol 6 that was quantitatively converted to the
corresponding acetate in 0.75 h. In conclusion, taking advantage of the stereopreference of the
CAL-catalyzed acetylation of a cyclic epoxyalcohol, the synthesis of diastereomerically pure
b-epoxyalcohol 7 can be presented as an advantageous method for the preparation of a crucial
synthon for the total synthesis of vitamin D3.
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