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Synthesis of 1-Trimethylsilylcycloalkenes from
1-Bromocycloalkenes by Wurtz-type Coupling

Gopalpur NAGENDRAPPA*

Engler-Bunte-Institut, Bereich Petrochemie, Universitdt Karlsruhe
(TH), D-7500 Karlsruhe, Federal Republic of Germany

Vinylsilanes are acquiring increasing importance in recent
years as intermediates in synthetic organic chemistry'. For
the synthesis of acyclic vinylsilanes several general meth-
ods are available', which are not normally applicable for
cyclic vinylsilanes. There are some examples of obtaining
cyclic vinylsilanes from the corresponding vinyl halides
through metallation followed by silylation®. A method to
prepare small amounts of cyclic vinylsilanes starting from.
cycloalkanones has also been developed®. However, these
methods are not quite suitable for large scale syntheses.

1-Trimethylsilylcyclohexene, which has found use as a
starting compound in the elucidation of reaction mecha-
nisms of «,B-epoxysilanes®, was first synthesised by Petrov
et al. by the Wurtz-type coupling of 1-chlorocyclohexene
with chlorotrimethylsilane®. Surprisingly, there is no report
of exploitation of this simple reaction for the preparation of
any other vinylsilane.

Because of our interest in medium ring compounds®, we
needed medium and large ring vinylsilanes in a study to
compare the rteactions of their epoxides with acyclic and
normal ring a,B-cpoxysilanes’. In extending the Wurtz-
type reaction to other ring systems. we found that cyclic vi-
nyl bromides in general are much superior to their chloro-
analogues as starting haloolefins. They not only give better
yields but are more reactive, and hence require compara-
tively shorter reaction times. Morcover, in the case of me-
dium and large rings. it is much easier to obtain their vinyl
bromides in pure form and good yields starting from easily
available cycloalkenes than the corresponding vinyl chlo-
rides, which are usually prepared by the reaction of cy-
cloalkanones with phosphorus pentachloride®. 1-Bromocy-
cloalkenes can also be obtained by ring expansion reactions
of gem-dibromocyclopropane derivatives”’.

We have used 1-bromocycloalkenes (2a-e) as well as their
chloro-analogues (1a-e) for the present study, and the re-
sults are summarised in the Table.

X Si{CH3)
{ c” . Na/ether /7 c” 33
(HoC)y Il + CISilCH3)3 ——> (HQhn I
bc\ \—/C\
H H
1a-e x =i 3a-e
2a-e x = Br

The tabulated resuits show that cyclic vinyl bromides are
better starting compounds for the Wurtz-type reaction to
prepare vinylsilanes; their use gives better yields, requires
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shorter reaction times, and milder conditions. This super-
iority is also illustrated in the case of 12-membered ring
system. Another point to be noted is that this method
works equally well for large and small scale preparations

We noticed that the reaction of phosphorus pentachloride
with medium ring ketones gives complex mixtures of prod-
ucts from which the desired chloroolefins were isolated in
<85% purity. However. such a problem was not encoun-
tered with cyclopentanone and cyclohexanone. Cyclodode-
canone gave a 62:38 mixture of trans-1- and cis-1-chlorocy-
clododecene which yielded the corresponding vinylsilanes
in the same ratio. From the 58:42 mixture of trans-1- and
cis-1-bromocyclododecene also we obtained the trans- and
cis-vinylsilanes in the same ratio. We conclude, therefore,
that there is probably no isomerisation taking place during
silylation.

1-Trimethylsilylcyclooctene (3d):

To sodium wire (33.3 g, 1.45 mol; granular sodium gives equally
good results) in ether (350 ml) stirred under a nitrogen atmosphere
is added chlorotrimethylsilane (66.8 g, 0.61 mol) in one portion.
After stirring of the mixture for 15 min, 1-bromocyclooctene'” (2d;
86.5 g, 0.458 mol) is added over a period of 1 h. During addition
and 30-60 min thereafter, the reaction mixture becomes slightly
warm and refluxes gently. By the time the refluxing subsides more
than 90% of the starting bromide is found to have reacted. After
stirring the reaction mixture for an additional 3 h, excess sodium
and solid products are filtered off through a plug of glass wool and
the residue is washed with ether (2 x 30 ml). The combined filtrates
are carefully washed with saturated sodium hydrogen carbonate
solution (100 mi), water (2 x 150 m}), and finally with saturated so-
dium chloride solution, then dried with magnesium sulphate, and
concentrated. On distillation, product 3d of 99% purity is obtained;
yield: 74.1 g (89%); b.p. 91-92°C/8 torr.

1-Trimethylsilylcyclododecene (3e):

To sodium wire (6.0 g, 260.9 mmol) in ether (75 ml) under nitrogen
is added chlorotrimethylsilane (12.84 g, 118.2 mmol). After stirring
the mixture for 15 min, 1-bromocyclododecene (2e; 58:42,
frans: cis mixture; 17.5 g, 73.4 mmol) is added over t5 min. The
reaction mixture is then heated to reflux in an oil bath at 60 °C for
§ h, cooled, and worked up as described above to give 3¢ as a 58:42
trans: cis mixture; yield: 12.40 g (73%); b.p. 125-128 °C/1 torr.
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