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Abstract

A new method for the preparation of a 1,4-diene system in the steroid side chain, providing the possibility
of stereocontrol at C-3 has been described. Its usefulness has been examined for �22,25-24-alkyl steroid
synthesis. The proposed approach is based on the Ireland±Claisen rearrangement of �23-22-alcohols followed
by C-25 silylation of the formed ester and Peterson ole®nation as the ®nal step. # 2000 Elsevier Science
Ltd. All rights reserved.
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The present study has been initiated by our interest in �22-steroids bearing an alkyl substituent
at C-24. Pericyclic processes have proved to be very e�ective for the stereoselective preparation of
these compounds,1 which are of great interest as convenient intermediates in synthetic approaches
to biologically important steroids.2 The possibility of realizing transfer of stereochemistry from
the starting material 1 (Eq. (1)) to the product 2 in a predictable manner has attracted the attention
of many chemists. Thus, the Claisen rearrangement has been used for the preparation of vitamin
D,3 brassinosteroids,4 sterols,5 and oogoniol.6 The substituent R may be either a terminal iso-
propyl fragment7 or a C-24 alkyl group,8 which opens additional possibilities for the preparation
of various types of side chain and their further transformation.
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A more di�cult task is the preparation of related sterols with side chains 3±5 containing an
additional �25-double bond (Fig. 1). They are known as constituents of algae,9 plants,10 and
marine organisms.11

The synthesis of such compounds implies the construction of a 1,4-diene system having an
alkyl substituent at C-3 with de®ned con®guration. Here we report the ®rst application of the
Ireland ester enolate variant of the Claisen rearrangement12 to the preparation of these 1,4-dienes,
in particular, to the synthesis of �22,25-24-alkyl steroids (Scheme 1) from the allylic alcohol 613

(available in four steps from stigmasterol).

Treatment of the propanoyl ester 7 with an excess of base and silylating agent led ®rst to the
product 9 of the Ireland±Claisen rearrangement which underwent further C-25 silylation to give
the silane 10. Its hydrolysis a�orded the acid 11. The synthetic sequence from the ester 7 to the
acid 11 could be carried out in one pot, without isolation of intermediates.14

The ®nal part of the synthetic route to �22,25-ole®ns was rather straightforward. Hydride
reduction of the acid 11 gave the corresponding alcohol 12. Its mesylation initiated the Peterson
ole®nation reaction a�ording the desired �22,25-24-methyl derivative 13.15

Figure 1. Structures of side chains of some natural �25-steroids

Scheme 1. A synthetic route towards �22,25-steroids based on an Ireland±Claisen rearrangement
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