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The dibromocarbene or bromofluorocarbene addition to substituted allyldisilanes afforded instable gem-
dibromocyclopropanes or a gem-bromofluorocyclopropane, respectively. These gem-bromohalogenocy-
clopropanes undergo a spontaneous ring opening at room temperature to give halogenated dienylsilanes
or bromo dienes or dibromotetraenes.

� 2010 Elsevier Ltd. All rights reserved.
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Scheme 1. Disrotatory electrocyclic ring opening of gem-dibromocyclopropanes.
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Scheme 2. Synthesis of the 3-bromo-1-trimethylsilylpenta-2,4-diene 3.
1. Introduction

gem-Dibromocyclopropanes are known to give bromoallylic
bromides by heating.1 According to the Woodward–Hoffmann–
DePuy rule,2 a disrotatory electrocyclic ring opening of the cyclo-
propane with concomitant loss of the bromide anion affords an
allylic cation which then captures an anion (Scheme 1). Generally,
the ring opening occurs by thermolysis at a temperature >100 �C,
but in a few cases, concerning only strained polycyclic compounds,
the gem-dibromocyclopropane is not isolable and the obtained
products result from the opening of the cyclopropane followed
by the evolution of the bromoallylic cation.

Previously, we have shown that the dibromocarbene addition to
the 1,4-bis(trimethylsilyl)but-2-ene 1 and thermolysis of the ad-
duct 2 under vacuum at 100 �C afforded 3-bromo-1-trimethylsilyl-
penta-2,4-diene 3 in 75% yield (Scheme 2).3

Herein, we report on the dibromocarbene addition4 to the 2,3-di-
methyl-1,4-bis(trimethylsilyl)but-2-ene 4 and the 2,3,6,7-tetra-
methyl-1,8-bis(trimethylsilyl)octa-2,6-diene 5 resulting from a
reductive silylation of the 2,3-dimethylbuta-1,3-diene (Scheme 3).5

From 4, a very clean reaction occurred to give 9 in the good
yield of 81% (Scheme 4).6,7

The synthesis of product 9 is explained by the instability of
adduct 6 and surprisingly a protolysis of 8. Previously, Magnus ob-
tained 9 by heating 1,1-dibromo-2,2,3,3-tetramethyl-cyclopropane
in PhNMe2 at 150 �C.8 Therefore, in comparison with 1, the pres-
ence of the two additional methyl groups in the disilane 4 induced
ll rights reserved.

ntelli).
a spectacular ring opening. To the best of our knowledge,1 this
result corresponds to the first ring opening at room temperature
of a monocyclic gem-dibromocyclopropane.

This result prompted us to synthesise the corresponding
fluorine derivative. After addition of bromofluorocarbene to 4, we
have obtained the silylated fluoropentadiene 12 in 72% yield
(Scheme 5).9 There are substantially fewer reports in the litera-
ture of bromofluorocarbene.10 The unprecedented reaction of
commercially available ethyl dibromofluoroacetate with sodium
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Scheme 3. Reductive silylation of the 2,3-dimethylbuta-1,3-diene.
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Scheme 4. Dibromocarbene addition to the 2,3-dimethyl-1,4-bis(trimethylsilyl)-
but-2-ene 4.
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Scheme 5. Preparation of the 3-fluoro-2,4-dimethyl-1-trimethylsilylpenta-2,4-
diene 12.
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methylate, carried out in the presence of an alkene, afforded appro-
priate bromofluorocarbene in good yield.11 The presence of the
fluorine atom did not prevent the spontaneous ring opening of
the bromofluorocyclopropane 10 at room temperature. As previ-
ously,3 the more stable transoid configuration of the allylic cation
11 induced the configuration of the double bond of 12.

Attention was next directed to the Lewis acid promoted
addition reaction of 12 to aldehydes. Surprisingly, with the
4-cyanobenzaldehyde, and in the presence of BF3�Et2O, this dienylsi-
lane led to the Diels–Alder adduct 13 (one isomer) in 63% yield
(Scheme 6).12

In order to extend these results, the bis(allylsilane) 55 was sub-
mitted to dibromocarbene addition (Scheme 7). Two dibromides
14 and 15 were obtained and 14 can be isomerized in more stable
tetraene 15.13 The structure of this latter compound has been con-
firmed by an X-ray crystallographic analysis, which showed that
the molecule is twisted (C2 axis) with a reduced conjugation
(Fig. 1).14

The very high stability of the allylic cations 7 and 11 which are bi-
tertiary and twice b-silylated15 explained the easy ring opening of 6
and 10. Calculations at the B3LYP/6-311++G(3d,3p) level of the the-
ory16 showed that 7 and 11 are very stable allylic cations compared
to the parent cation 16 and the bi-tertiary allylic cation 17 (Fig. 2).

Global electronic indexes, the chemical hardness g,17 the elec-
tronic chemical potential (negative of the electronegativity) l18

and the electrophilic power x,19 as defined within the density
functional theory (DFT) of Parr, Pearson, and Yang,20 are useful
tools to understand the reactivity of molecules in their ground
states (Table 1).21

g � ðELUMO � EHOMOÞ=2; l � ðELUMO þ EHOMOÞ=2; x � l2=2g

The global electrophilic power x measures the stabilization in
energy when the system acquires an additional electronic charge
DN from the environment. A comparison of the electrophilic power
values for 7, x = 20.1 or 11, x = 19.7 and allylic cation 16, x = 33.7,
shows high values particularly for the allylic cation. Consequently,
we can deduce that 7 and 11 (more soft allylic cations) are more
stable than the allylic cation 16.
2. Conclusion

We have shown that from the silylation of 2,3-dimethyl-1,3-
butadiene5 followed by the dibromocarbene or bromofluorocar-
bene addition, we could obtain valuable halogenated dienes and
tetraenes in two steps.
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Figure 1. ORTEP drawing of (E,E)-3,8-dibromo-2,4,7,9-tetramethyldeca-2,4,6,8-tetraene 15.

Table 1
Computation of global electronic indexes for 7, 11, 16 and 17

Cation E (au) EHOMO

(au)
ELUMO

(au)
g
(au)

l (au) x
(eV)

16 �117.006676 �0.578 �0.387 0.096 �0.483 33.7
17 �274.389914 �0.471 �0.295 0.088 �0.383 22.6

7 �3665.442780 �0.381 �0.247 0.067 �0.314 20.1
11 �1191.181743 �0.388 �0.249 0.070 �0.318 19.7
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Figure 2. Allylic cations.
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