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The Simmons-Smith reaction1 and recent modifica-
tions2 thereof has emerged as a powerful method for the
diastereo-3 and enantioselective cyclopropanation of al-
kenes.4 In view of their effectiveness as cyclopropanating
agents, it was surprising that Simmons-Smith reagents
had not been exploited further in organic synthesis.5
Motivated by this, and by our interest in catalytic
asymmetric epoxidation,6,7 we initiated a program focused
toward the use of Simmons-Smith reagents for the
synthesis of epoxides, and in this paper we report our
success in achieving this goal (Scheme 1).
We were intrigued by the possibility that Simmons-

Smith reagents could react with sulfides to generate
ylides (Scheme 1).8,9 These zinc-derived sulfur ylides
could then be used to generate epoxides from aldehydes
and might offer a more attractive alternative to the more
traditional routes to sulfur ylides, in terms of enhanced
chemoselectivity, stereoselectivity and milder reaction
conditions. A major concern, however, was whether the
sensitive epoxides would be compatibile with the reaction
conditions, in particular, whether they would survive in
the presence of EtZnCl, a potential Lewis acid.
Initially, we decided to investigate the reaction of zinc

carbenoids derived from Et2Zn and ClCH2I (e.g., EtZnCH2-
Cl 1, Scheme 1) with sulfides. Such species are implied
intermediates in the generation of active zinc carbenoids
by the Furukawa protocol3 and have been the subject of
recent structural investigation.10 We treated an aldehyde
with Et2Zn, ClCH2I (this is higher yielding than CH2I211),
and tetrahydrothiophene and were pleased to obtain

epoxide in high yield (Table 1).12 Aromatic and aliphatic
aldehydes worked well, and the reaction even tolerated
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Scheme 1. Application of Organozinc Reagents
toward Epoxidation

Table 1. Organozinc-Mediated Epoxidation Reactions of
Aldehydes

a Product ratios are based on analysis by gas chromatography
and/or 1H NMR. b Yields refer to isolated products.
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unsaturated aldehydes (entry 6) without undergoing
cyclopropanation. This indicated that reaction of the zinc
carbenoid with the sulfide was much more rapid than
reaction with the alkene. R-Alkoxy (entries 7 and 8) and
R-amino aldehydes (entries 9 and 10) also reacted
smoothly, giving epoxides but as mixtures of diastereo-
isomers. In all cases, the diastereoselectivity was similar
to that observed in reactions of trimethylsulfonium ylide
with the aldehydes.13 However, in no case was any
racemization detected, whereas it has been reported that
in the case of the aldehyde derived from phenylalanine

substantial racemization occurs in the ylide epoxidation
process.14 The epoxide derived from phenylalanine (entry
10) is extremely important as it is a key intermediate in
the syntheses of many HIV protease inhibitors.14,15 The
mild conditions reported here makes this method com-
petitive with other literature methods.
In summary, we have developed a novel application of

organozinc reagents toward the epoxidation of carbonyl
compounds via the intermediacy of sulfur ylides. Ongo-
ing studies include the design and synthesis of chiral
sulfides for asymmetric epoxidation.
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