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Of the variety of synthetically useful transformations1 that
vinylcyclopropanes can undergo, the 1,3-alkyl migration (ring
expansion) reaction and the 1,5-hydrogen migration (retro-ene)
reaction are by far the most common.2,3 These processes generally
occur competitively at elevated temperatures. However, for cis-
disubstituted vinylcyclopropanes1, the formation of retro-ene
product3 is kinetically favored over the ring expansion product
2.4 In this report, we describe a novel application of this retro-
ene reaction for the stereoselective synthesis ofE-vinylsilanes,5

as well as evidence that the silyl substituent (R) SiR3) can
accelerate the sigmatropic process.

Our studies focused on the thermal rearrangements ofcis-1-
silylmethyl-2-vinylcyclopropanes4. Upon heating in dilute toluene
solution, substrates4 isomerize readily to vinylsilanes5 in nearly
quantitative yields and, in most cases, with complete stereo-
selection. The isolated yields of products and reaction half-life
times6 for these reactions are summarized in Table 1. Initial
experiments utilizing compound4a indicate that the reaction is

complete within several hours at 110°C, which is nearly 100°C
lower than that reported2a for systems which lack the C1 silyl
group (1, R ) H). Compounds4b-d likewise undergo clean
isomerization upon thermolysis to produce 1E,4Z-dienylsilane5
as single stereoisomers. The correspondingtrans-vinylcyclopro-
pane isomers are inert under these reaction conditions and can
be recovered unchanged even after 20 days in refluxing xylenes.7

The data provided in Table 1 help to define some of the features
of this sigmatropic rearrangement process. First, the presence of
an electron-withdrawing group located at the C5 terminus of the
vinylcyclopropane, as seen for compounds4b-d, has a detri-
mental effect on the rate of isomerization. This is most likely
due to loss of conjugation of the olefin with the C5 substituent
upon forming dienes5b-d. It is also interesting that the reactions
of E-vinylcyclopropane4c and itsZ-isomer4d both lead to the
1E,4Z-vinylsilane product, indicating that the formation of olefin
stereochemistry in diene5 occurs independently of the starting
olefin geometry. On the other hand, the fact that theE-isomer4c
rearranges faster than theZ-isomer4d suggests that the rate of
isomerizationdoesdepend on theE/Z-geometry of the vinylcy-
clopropane.8

It is also informative to consider the vastly different reaction
half-lives for substrate4c (13 h) versus compound4e (0.7 h).
These data indicate that the presence of a carbomethoxy sub-
stituent at C3 on the ringenhancesthe rate of isomerization, which
is opposite to the effect observed in the thermolysis of4b which
has the electron-withdrawing group at the C5 olefin terminus. In
the case of4e, the development of conjugation of the olefin with
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Table 1. Thermal 1,5-Hydrogen Rearrangements of
Vinylcyclopropanes4

substrate4
isolated %
yield of 5

t1/2

(110°C)

a R ) Ph, R1 ) R2 ) R3 ) H 97 3.2 h
b R ) Ph, R1 ) R2 ) H; R3 ) CO2Me 97 7.8 h
c R ) Ph, R1 ) R2 ) H; R3 ) Ph 96 13 h
d R ) Ph, R1 ) R3 ) H; R2 ) Ph 96 17 h
eR ) Ph, R1 ) CO2Me, R2 ) H; R3 ) Ph 98 0.7 h
f R ) Me, R1 ) CO2Me, R2 ) H; R3 ) Ph 96a 3 h
g R ) OEt, R1 ) CO2Me, R2 ) H; R3 ) Ph 94b 2 h

a A 5:1 ratio of 1E,4E:1Z,4E-isomers was observed by1H NMR.
b The 1.3:1 ratio of 1E,4E:1Z,4E-isomers was observed by1H NMR.
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the C3 ester group lowers the activation energy for rearrangement.
The thermolyses of ester-bearing compounds4e-g further reveal
that the rate and stereoselectivity of the 1,5-hydrogen migration
have a subtle dependence on the nature of the silyl substituents
R. For instance, whereas the triphenylsilyl derivative4e yields
exclusively the 1E,4E-diene product, the trimethylsilyl compound
4f produces diene5f as a 5:1 mixture of 1E,4E- and 1Z,4E-
isomers.11 The erosion of stereoselectivity in forming the C1/C2

olefin in 5f suggests that the size of the silyl substituents plays a
dominant role in controlling the stereochemistry of hydrogen
migration. To our surprise, the isomerization of triethoxysilyl
compound4gproceeds with almost complete loss of stereocontrol
at C1/C2, giving dienes5gas a 1.3:1 mixture of 1E,4E- and 1Z,4E-
isomers.9,10 Moreover, the longer half-life times for4f and4g (3
and 2 h, respectively) compared to4e (0.7 h) indicate that the
observed order of reactivity (Me3Si < (EtO)3Si < Ph3Si) is not
the result of ligand electronegativity effects.11

The Woodward-Hoffmann rules12 classify the concerted 1,5-
hydrogen migration as a thermally allowed suprafacial process.
Earlier studies on the vinylcyclopropane 1,5-hydrogen rearrange-
ment have found that the ring-opening provides the 1,4-pentadiene
product with exclusive cis-stereochemistry at C4/C5.2a,bThe high
stereochemical control and silyl rate accelerating effect observed
in our examples can best be explained by considering the two
conformational isomers 1 and 2 shown in Figure 1.13 The
arrangement in rotamer 1 allows the silyl group and the axial
ring hydrogen to avoid the steric interactions present in rotamer
2 and enables the C-Si bond to be antiperiplanar14 to the cleaving
C-C bond of the ring. This latter feature provides the opportunity

for the C-Si bond to assist the ring cleavage through hypercon-
jugation,15 a phenomenon which has been well-documented for
electrophile-promoted additions to silylmethylcyclopropanes16 and
allylsilanes5 but which has not been previously observed in
sigmatropic reactions.17,18The presence of an electron-withdraw-
ing substituent R1 such as CO2Me (4e-g) may help to polarize
the cyclopropyl C-C bond to enhance this hyperconjugation
effect and thus the rate of isomerization. It is also evident in Figure
1 that decreasing the steric bulk of the silyl substituents, as seen
in the thermolysis of trimethylsilyl derivative4f, reduces the
severity of the unfavorable interactions within conformer 2.
Consequently, the strong conformational bias favoring rotamer 1
needed for high stereoselection may be diminished in this case.

In summary, new methodology for the stereoselective synthesis
of E-vinylsilanes has been developed on the basis of the thermal
1,5-hydrogen migration reaction ofcis-1-silylmethyl-2-vinylcy-
clopropanes. The stereochemical results indicate that the hydrogen
transfer occurs in a concerted, suprafacial manner through a highly
defined transition structure having the carbon-silicon bond
antiperiplanar to the breaking carbon-carbon bond of the ring.
This conformation allows the silyl substituent to facilitate the
rearrangement through hyperconjugation. Experiments are now
underway to further define this silicon substituent effect in terms
of its synthetic utility and its potential for controlling the course
of other sigmatropic processes.
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