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Recently the importance of theγ-effect of tin, the ability of
tin to stabilize an electron-deficient center at theγ-position, has
been recognized not only from mechanistic aspects1 but also
from synthetic view points.2 The magnitude of theγ-effect of
tin has been studied extensively mainly in solvolytic reactions,1e

and it is compared with theγ-effect of silicon and theâ-effects
of silicon3 and tin.4 However, it is rather difficult to evaluate
theγ-effect of tin when we consider its synthetic applications.
Since we have been interested in synthetic applications of the
γ-effect of tin, we devised a system where intramolecular
competition betweenγ-elimination of tin andâ-elimination of
tin or silicon can be examined. We report herein the preliminary
results of this study and its applications to novel tin carbenoids5

which undergo inter- and intramolecular cyclopropanation
reactions with olefins.

In order to generate a carbocation having bothγ-tin andâ-tin
or silicon, we carried out the addition ofR-tin-substituted
carbocations to allyltin and -silicon compounds. Thus, the aryl-
((alkoxycarbonyl)oxy)methylstannane16 was treated with

BF3‚OEt2 in the presence of allyltributylstannane or allyltri-
methylsilane (Scheme 1). The reaction with allyltributylstan-
nane gave rise to exclusive formation of the allylated product
(2). The reaction with allyltrimethylsilane, however, afforded
cyclopropane37 together with a small amount of2. These
results indicate thatâ-elimination of tin is faster thanγ-elimina-
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Table 1. Cyclopropanation Reactions of1 with Olefinsa

aReaction condition: 0.20 mmol of1, 1.1 equiv of olefin, 1.1 equiv
of BF3‚OEt2 in toluene (0.50 mL) at-23 °C for 0.5-1 h. b cis/trans
) >98/2 by1H NMR9. c cis/trans) 89/11.d Isolated yieldVia flash
chromatography.e 2.0 equiv of olefin was used.f 19% (based on1) of
dicyclopropanated compound was obtained.
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tion of tin, whereasγ-elimination of tin is faster thanâ-elimina-
tion of silicon. Sinceâ-elimination of silicon is known to be
very fast and is utilized in various synthetic reactions,8

γ-elimination of tin is hoped to enjoy versatile synthetic
applications.
The success of the cyclopropanation reaction with the

allylsilane prompted us to investigate the generality of this
reaction. Thus, we examined the BF3‚OEt2 promoted reaction
of 1 in the presence of various olefins (Scheme 2). As
summarized in Table 1, the present reaction is generally
applicable to alkyl-substituted olefins and conjugated olefins
such as styrene derivatives and 1,3-dienes. Although aryl-
substitutedR-((alkoxycarbonyl)oxy)stannanes served as good
precursors for tin-substituted carbocations, the reactivities of
alkyl-substituted analogues were low and the starting materials
were recovered unchanged under similar conditions.
The intramolecular version of this reaction was also successful

(Table 2). The cyclization to form six- and seven-membered
rings took place smoothly, but the eight-membered ring product
was obtained in low yield even with BF3‚OEt2.
The synthetic utility of the present cyclopropanation reaction

is demonstrated by the following very simple and straightfor-
ward synthesis of sesquicarene (6).10 In this case the acetoxy
group is a better leaving group than the (methoxycarbonyl)oxy

group. Thus, the starting material for the cyclopropanation (5)
was prepared by the addition of stannyllithium to the readily
available aldehyde4,11 followed by the reaction with acetic
anhydride (Scheme 3). The treatment of5 with BF3‚OEt2 in
CH3CN gave the cyclized product6 in 66% yield. Presumably,
pre-equilibration of theE/Z isomers12 of the allyl cation
intermediate takes place as shown in Scheme 3.
In summary, theγ-elimination of tin was proved to be faster

than theâ-elimination of silicon, although it is slower than the
â-elimination of tin. Using the facileγ-elimination of tin, inter-
and intramolecular cyclopropanation reactions ofR-((alkoxy-
carbonyl)oxy)stannanes with olefins have been developed.
Further mechanistic investigations and studies concerning
synthetic applications are underway.
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Table 2. Intramolecular Cyclopropanation Reaction

a BF3‚OEt2 (1.1 equiv) was used instead ofp-TsOH‚H2O.

Scheme 3
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