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Stereoselective Formation of Cyclopropylsilane
through Intramolecular Rearrangement of
[(Allyloxy)dimesitylsilyl]lithiums

Atsushi Kawachi, Hirofumi Maeda and Kohei Tamao

A [(sec-allyloxy)dimesitylsilyl]stannane having a phenyl group on the olefin part reacts with #n-BuLi in
THEF to give a cyclopropylsilane as a single diastereomer, in contrast to the [2,3]-sila-Wittig rearrange-
ment affording an allylsilane, previously observed for a substrate having an alkyl group on the olefin
part. The substituent effect is revealed by ab initio calculations in terms of the regioselectivity in the

reaction of silyllithiums with an olefin.
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Previously we demonstrated the [2,3]-sila-Wittig rear-
rangement [ 1], the silicon analogs to the [2,3]-Wittig re-
arrangement: the [(fert-allyloxy)diphenylsilyl]lithiums [2]
generated from the [(fert-allyloxy)diphenysilyl]stannane
and n-BuLi underwent the [2,3]-rearrangement to afford
the lithium allylsilanolates. During the course of this
study, we have found that when a phenyl group is attached
to the terminus of the olefin, the reaction mode of the
rearrangement changes in such a way that a cyclopropyl-
silane is formed in a stereoselective manner, in contrast
to the [2,3]-sila-Wittig rearrangement observed for sub-
strates having alkyl group(s) on the olefin part [2].

(E)-[(sec-allyloxy)dimesitylsilyl]stannane (£)-1 hav-
ing a phenyl group on the olefin was treated with n-BuLi
(1.2 mol amt.) in THF at 0 °C for 3 h, as shown in Scheme
1. The reaction was then quenched with a 5% aqueous
solution of NH4CI to afford the cyclopropylsilane 2 in
68% yield as a single diastereomer. It was found that (Z)-
1 afforded the same diastereomer 2 in 79% yield. The
relative configuration of 2 was determined by the X-ray

diffraction analysis of the single crystals [4], as shown in
Figure 1. Both the phenyl group and the methyl group
are trans to the silyl group. This product is thus desig-
nated as (r-Si-trans, trans)-2.

The formation of the cyclopropylsilane can be ratio-
nalized as shown in Scheme 1. The silyllithium 3 gener-
ated in situ undergoes intramolecular addition to the ole-
fin on the B-carbon (C(f)) in the initial step. The result-
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Scheme 2.

ing 1-oxa-2-sila-cyclobutane 4 is so reactive due to the
ring strain that it readily suffers a nucleophilic substitu-
tion on the a-carbon (C(at)) by the benzyllithium moiety,
resulting in the ring cleavage of the oxasilacyclobutane
and the formation of the cyclopropane ring during the
second step.

Figure 1. Crystal structure of (r-Si-trans,trans)-2*H>0.
The H,O molecule and hydrogen atoms except for H1, H2,
H3, and H34 are omitted for clarity.

The stereoselective formation of (r-Si-trans, trans)-2
was followed as shown in Scheme 2, which includes the
Newmann projections of 3 and 4 along the C(a)-C(3) bond
axis. The silyllithium (£)-3, coming from (£)-1, favors
the conformer (£)-3a to avoid the steric repulsion between
the phenyl group and the mesityl group(s). The syn addi-
tion of (£)-3a to the olefin gives 4a. The cyclization in
4a with inversion of configuration at the lithiated ben-
zylic carbon provides (r-Si-trans, trans)-2. Alternatively,
4a may undergo epimerization at the lithiated carbon to
give another epimer 4b. The cyclization in 4b with re-
tention of configuration at the lithiated benzylic carbon
also provides (r-Si-trans,trans)-2. In a similar manner,
the conformer (Z)-3a, coming from (Z)-1, also provides
the same (7-Si-trans, trans)-2 as a single diastereomer via
the common intermediates 4a and/or 4b. We cannot de-
termine the reaction stereochemistry, inversion or reten-
tion, because the stereochemical courses of the
benzyllithium derivatives are sensitive to several factors
such as the nature of the leaving group.

The observed regioselectivity of the reaction of the
silyllithium to the olefin was rationalized by ab initio
molecular orbital calculations (MP2/6-31G**//HF/3-21G)
of the model compounds 5 and 6, as shown in Figure 2
[5]. The alkyl-substituted compound 5 exhibits the maxi-

mum of the molecular orbital coefficient in the LUMO
on C(y) and thus accepts the nucleophilic attack at this
position, resulting in the sila-Wittig rearrangement. In
contrast, the phenyl-substituted compound 6 exhibits the
maximum of the molecular orbital coefficient in the
LUMO on C(B) and thus accepts the nucleophilic attack
on C(P), resulting in the cyclopropylsilane formation.
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Figure 2. Molecular orbital coefficients on
LUMO of the model compounds 5 and 6.

In summary we have demonstrated the stereoselective
formation of the cyclopropylsilane based on the intramo-
lecular rearrangement of the [(allyloxy)silyl]lithiums.
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