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Abstract

(−)-Cholesteryl (R)S-(E)-t-butylethenesulfinate2 was prepared in enantiopure form through the reaction of (E)-
t-butylethenesulfinyl chloride and (−)-cholesterol in the presence of quinine (ca. 36% yield). Diastereomerically
enriched versions of (S)-2 were prepared with d.e.s up to 75%. Grignard substitution reactions of2 proceed with
high stereospecificity to provide a new access to enantiomerically enriched (E)-2-t-butylethenylaralkyl sulfoxides
in good yield and excellent e.e. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The importance of enantiopure sulfoxides in synthetic chemistry is well-documented,1 and versions of
the Andersen strategy2 remain the most popular approach for their preparation. The original Andersen
protocol involves the reaction of menthol with a sulfinyl chloride. The resulting diastereomeric mixture
of menthyl sulfinate esters must be separated prior to organometallic substitution directed toward
enantiomerically pure sulfoxide formation (Scheme 1).

Scheme 1.
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A number of useful adaptations of the Andersen approach have been developed. Some of the
improvements include the use of other alcohols such as diacetone-D-glucose,3 (1R,2S)-(−)-trans-2-
phenylcyclohexanol4 and cholesterol.5 As part of that follow-up work, the kinetic selectivity of the
alcoholysis of the sulfinyl chlorides has been exploited to provide d.e.s of sulfinate sometimes exce-
eding 97%.3 More recently, it has been determined that chiral auxiliaries such as oxazolidinones6 and
Oppolzer’s amide7 serve as viable substitutes for optically active alcohols.

The approach has led to the preparation of several sulfoxides mostly with R groups of Me,5 p-tolyl,2,3

tBu3 and polysubstituted aryl,8 driven by the need for such groups in subsequent sulfoxide chemistry and
by the availability of the requisite sulfinyl chlorides. The first synthesis of 1-alkenesulfinyl chlorides was
recently reported,9 and it was viewed that application of the Andersen protocol to the 1-alkenesulfinyl
chlorides may create a useful preparation of homochiral vinylic sulfoxides.α,β-Unsaturated sulfoxides
possess considerable utility for the induction of carbon stereogenicity in organic synthesis.10 Herein is
our initial report of an ongoing study in this area; it describes our first success which originates from
3,3-dimethyl-2-butenesulfinyl chloride.11

2. Results and discussion

At the outset of the project we set broad goals, and consequently initial experiments covered a
wide area in order to find the system that would prove most accommodating. In very small scale
experiments, up to six 1-alkenesulfinyl chlorides were treated with various chiral alcohols including those
established for the synthetic protocol: menthol, cholesterol, (1R,2S)-(−)-trans-2-phenylcyclohexanol and
DAG. The three pieces of information that arose from these experiments were: (i) simple sulfinate
formation following our established procedure9 did not exhibit much kinetic selectivity; (ii) silica gel
chromatography would not be an effective method of separation of the diastereomers; and (iii) whereas
most of the alcohols led to oily reaction mixtures, cholesteryl esters were consistently solid mixtures of
diastereomers, lending hope that crystallization would provide access to enantiopure 1-alkenesulfinate
esters appropriate for conversion to sulfoxides.

It was apparent from these experiments that one of the more obliging pair of reactants would be
t-butylethenesulfinyl chloride19,12 and (−)-cholesterol (Scheme 2). On this basis, experiments were
undertaken to optimize the product of their condensation, cholesteryl (E)-t-butylethenesulfinate2. The
reactants were brought together under a variety of conditions with parameters such as identity and
configuration of base, reaction temperature and sequence of addition of reactants. Formation of the
sulfinate in high chemical yield and high d.e. was viewed as the ideal outcome.

Scheme 2.

Table 1 indicates some moderate d.e.s that could be obtained upon formation and isolation of
sulfinate2, but more importantly, after a maximum of two recrystallizations, enantiopure sulfinates were
isolated.13 D.e.s of2 could readily be measured through1H NMR in C6D6 while the use of (R)-(−)-2,2,2-
trifluoro-1-(9-anthryl)ethanol allowed configurational assignment of the diastereomers.14 Samples of2
enriched in theS-isomer were obtained from the mother liquor once substantial amounts of theR-isomer
crystallized. Alternatively, the use of quinidine promotes preferential formation of (S)-2, and the d.e. of
these samples can be increased slightly through recrystallization from acetone (Table 1, entry 7).
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Table 1
Preparative approaches to cholesteryl (R)S-(E)-t-butylethenesulfinate (2, Scheme 2)

Optically active forms of2 were subjected to a number of sulfinate substitution reactions with
nBuMgCl to find the preferred conditions for efficient sulfoxide formation (Table 2, Scheme 3). Re-
actions in benzene15 with that Grignard reagent afforded sulfoxide in high yield while maintaining the
stereochemical integrity of the sulfinyl group (entries 5 and 6), and hence these conditions were adopted
for reactions with other Grignard reagents. Reactions of enantiopure (R)-2 with commercial Grignard
reagents were efficient and stereoselective affording a series oft-butylethenyl sulfoxides3.16

The sulfoxides3 were readily separated from the cholesterol by flash chromatography and their confi-
gurations and enantiomeric excesses were established using (R)-(−)-2,2,2-trifluoro-1-(9-anthryl)ethanol.
Good yields were found in all cases and e.e.s >90% were obtained for all Grignard reagents employed
except for MeMgBr. Experiments with that Grignard reagent were repeated several times and the e.e.s
obtained were consistently near 85%. The use of (S)-2 with 71% d.e. demonstrates the high stereospe-
cificity of the displacement reactions and provides a route to vinylic sulfoxides enriched in the other
enantiomer.

As well as offering the initial results for a new procedure for enantiomerically enriched vinylic
sulfoxides, our experiments also suggest that Grignard substitution reactions withα,β-unsaturated
sulfinates proceed with inversion of configuration, a result in keeping with previous observations with
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Table 2
Sulfoxides from Grignard substitutions of2 (Scheme 3)

Scheme 3.

other sulfinates.10a,17We are currently pursuing additional homochiralα,β-unsaturated sulfinates in order
to generalize the utility of this chemistry.
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