
A [(sec-allyloxy)dimesitylsilyl]stannane bearing a phenyl
group on the olefin part reacts with n-BuLi in THF to give a
cyclopropylsilane as a single diastereomer, in contrast to the
[2,3]-sila-Wittig rearrangement affording an allylsilane, previ-
ously observed for a substrate bearing an alkyl group on the
olefin part.  The striking substituent effect is revealed by ab initio
calculations in terms of the regioselectivity in the reaction of
silyllithiums with an olefin.    

We previously reported the [2,3]-sila-Wittig rearrange-
ment,1 the silicon analogs to the [2,3]-Wittig rearrangement; the
[(tert-allyloxy)diphenylsilyl]lithiums2 generated from the corre-
sponding silylstannane and n-BuLi underwent the [2,3]-
rearrangement to afford the lithium allylsilanolates.  This
rearrangement offers a new methodology for the synthesis of
allylsilanes from (allyloxy)silanes with the allylic
transposition.3 During the course of this study, we have now
found that when a phenyl group is attached to the terminus of
the olefin, the reaction mode of the rearrangement dramatically
changes in such a way that a cyclopropylsilane is formed in a
stereoselective manner, in contrast to the [2,3]-sila-Wittig
rearrangement observed for substrates bearing alkyl group(s) on
the olefin part.      

(E)-[(sec-allyloxy)dimesitylsilyl]stannane2,4 (E)-1 bearing
a phenyl group on the olefin5 was treated with n-BuLi (1.2 mol
amt.) in THF at 0 °C for 3 h, as shown in Scheme 1.  The reac-
tion was then quenched with a 5% aqueous solution of NH4Cl.
Purification of the reaction mixture by column chromatography
on silica gel afforded the cyclopropylsilane 2 in 68% yield as a
single diastereomer.6 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,7 which were recrystallized from hexane, as shown in
Figure 1.  Referring to the silyl group, both the phenyl group
and the methyl group are trans.8 This product is thus properly
designated as (r-Si-trans, trans)-2.

The formation of the cyclopropylsilane may proceed in two
steps (Scheme 1).  Thus, the silyllithium 3 generated in situ
undergoes intramolecular addition to the olefin on the β-carbon
(C(β)) in the first step, and the resulting 1-oxa-2-sila-cyclobu-
tane9 4 is so reactive due to the ring strain that it readily suffers
a nucleophilic substitution on the α-carbon (C(α)) by the inter-
nal benzyllithium moiety, resulting in the ring cleavage of the
oxasilacyclobutane and the formation of the cyclopropylsilane
during the second step.10,11

The Newmann projections of 3 and 4 along the C(α)–C(β)
bond axis are shown in Scheme 2.  Upon starting from (E)-1,
the syn addition12 of the silyllithium (E)-3 to the olefin pro-
ceeds in the sterically less hindered conformer (E)-3a rather
than (E)-3b, giving 4a.  The cyclization in 4a with inversion of
the configuration at the lithiated benzylic carbon provides (r-Si-
trans,trans)-2.10a  Alternatively, 4a may undergo epimerization
at the lithiated carbon to give 4b, which now cyclizes with
retention of the configuration at the lithiated carbon to also pro-
vide (r-Si-trans,trans)-2.10b,c In a similar manner, (Z)-1 also
provides the same (r-Si-trans,trans)-2 as the single diastere-
omer via the common intermediates 4a and/or 4b.  We cannot
determine the reaction stereochemistry, inversion or retention,
because the stereochemical courses of the benzyllithium deriva-
tives are sensitive to several factors such as the nature of the
leaving group.13 Other rotamers 4c and 4d around the
C(β)–C(γ) bond axis of 4a and 4b, respectively, would give (r-
Si-cis,trans)-2, but these are less favored due to the steric repul-
sion between the phenyl group and the mesityl group(s).    

The regioselectivity of the reaction of the silyllithium to
the olefin, which determines the reaction mode, was rational-
ized by ab initio molecular orbital calculations (MP2/6-
31G**//HF/3-21G) of the model compounds 5 and 6.14 As
shown in Figure 2, the maximum of the molecular orbital coef-
ficient in the LUMO appears on C(γ) in the alkyl-substituted
compound 5, indicating that the nucleophilic attack occurs at
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this position, resulting in the sila-Wittig rearrangement.  In con-
trast, the maximum of the molecular orbital coefficient in the
LUMO appears on C(β) in the phenyl-substituted compound 6,
indicating that the nucleophilic attack occurs on C(β) in 3,
resulting in the cyclopropylsilane formation.15

In summary we have determined the stereoselective forma-
tion of the cyclopropylsilane based on the intramolecular
rearrangement of the [(allyloxy)silyl]lithiums.  Further study is
now in progress for the synthesis of optically active cyclo-
propanes based on this methodology.
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