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Reductive disilylation (Li + Me3SiCl � THF) of 1,3-cyclohexadiene led to 4,4 -bis(trimethylsilyl)bicy-
clohexyl-2,20-diene (1). In the presence of TiCl4 in dichloromethane, 1 reacted with some acyl chlorides,
anhydrides, and aldehydes to give tricyclo[7.4.0.03,8]trideca-4,12-diene-2-yl derivatives.

� 2008 Published by Elsevier Ltd.
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Scheme 1. Synthesis of 4,40-bis(trimethylsilyl)bicyclohexyl-2,20-diene (1).
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Scheme 2. Formation of the allylic radical 5 and its dimerization into 1.
The bis-silylation of dienic or trienic hydrocarbons is a particu-
larly interesting transformation, which allows the simultaneous
creation of two new Si–C bonds. This reaction constitutes a conve-
nient route to obtain bis(silyl) unsaturated compounds that can
represent useful intermediates or can be used as building blocks
in organic synthesis. A very simple procedure is the reductive dis-
ilylation of 1,3-dienes by lithium and chlorotrimethylsilane giving
rise to a mixture of 1,4-bis(trimethylsilyl)-2-butene derivatives
and 1,8-bis(trimethylsilyl)-2,6-octadiene derivatives.1

In previous work,2 we have obtained stereoselectively unsatu-
rated disilanes with 1,3,5-cycloheptatriene. We have now applied
these results to the reaction of 1,3-cyclohexadiene. In presence of
lithium and chlorotrimethylsilane in THF, cyclohexadiene led to a
mixture of 4,40-bis(trimethylsilyl)bicyclohexyl-2,20-diene (1), 1,4-
bis(trimethylsilyl)cyclohex-2-ene (2), and 3,4-bis(trimethylsilyl)-
cyclohex-1-ene (3).3 After the separation by distillation 1 appeared
as a mixture of isomers (Scheme 1).4

To explain the formation of 1–3, we can expect a sequence of
reactions involving the initial formation of the anion radical 4
which is trapped by trimethylchlorosilane to give allylic radical 5
(further reduction of 5 into allylic anion and its trapping by tri-
methylchlorosilane led to 2 and 3). The stereoselectivity of the
dimerization of 5 comes from a transition state corresponding to
an unlike relative approach5 with an anti geometry indifferent to
the uncontrolled centers bearing trimethylsilyl groups. Transition
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state with a possibility of large molecular orbitals overlap did not
occur (Scheme 2).
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Scheme 3. Reaction of 1 with the acetyl chloride.
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In the aim to reveal the reactivity of 1 toward electrophilic re-
agents, this disilyldiene has been added in the presence of TiCl4

to various compounds. For example, acetyl chloride gave rise to
silylated monoketone 6 and the bicyclohexyl-3,30-diene 7 (Scheme
3).6

In contrast, addition to benzoyl chloride, oxalyl chloride, triflu-
oroacetic anhydride, and acetic anhydride occurred with cycliza-
tion giving rise to the tricyclo[7.4.0.03,8]trideca-4,12-diene-2-yl
skeleton in fair yields except for the last which required 2 equiv
TiCl4. In each case only one stereoisomer has been obtained
(Scheme 4).7

In a similar manner, some aromatic aldehydes underwent a
double alkylation leading, again, to the tricyclo[7.4.0.03,8]trideca-
4,12-diene-2-yl skeleton in fair yields (Scheme 5).8

With o-bromobenzaldehyde, the carbonyl group was too hin-
dered and also electron-poor to favor the double alkylation, and
the desilylated alcohol 13 (two isomers) was the only product with
7 (Scheme 6).9

Pleasingly, 12d was crystallized and X-ray crystallographic
analysis clearly showed that the five stereogenic centers of the
cyclopentane ring were controlled (Fig. 1). For 1, as the chirality
around the C(1)–C(1)0 bond cannot be modified in the course of
the reaction, we conclude that its structure is (R*,S*). Consequently,
as 1 is a mixture of three isomers (1.5:1:1), the two stereogenic
centers bearing the trimethylsilyl groups were uncontrolled
(Scheme 2).
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Scheme 4. Reaction of 1 with acyl chlorides and anhydrides.
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Figure 1. ORTEP drawing for 12d. Non-hydrogen atoms are drawn with 50% pro-
bability thermal ellipsoids.10
All the electrophilic substitution reactions afforded bicy-
clohexyl-3,30-diene 7 among other products.11 Consequently, 1
was treated with TiCl4 at low temperature for 72 h. After usual
work-up, 7 was isolated in 35% yield (Scheme 7). Moreover, when
the reactive mixture was poured into cold anhydrous K2CO3 solu-
tion in deuterium oxide, we have isolated the isotopomere 7d2.
The NMR data showed that two methylene groups were deuter-
ated.12 As allylsilane moiety is stable in aqueous basic medium,
the observed protolysis can involve a metathesis (transmetalation
reaction) of the allylsilane unit to an allyltrichlorotitane which is
easily protolysed in basic medium (titanium presents a strong oxo-
philic character).13
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In conclusion, we have described a direct way to the synthesis
of tricyclic compounds from 1,3-cyclohexadiene. Previous results
in this area used elaborate precursors.14 Moreover, a good control
of the stereochemistry is observed and these results may be ap-
plied to the synthesis of more complex products.
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