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Direct reactions of 1,1-bis(cyclopentadienyl)zirconacyclo-
pentadienes with various halosilanes afford the corresponding
siloles in excellent yields. The reactions are very sensitive to the
steric bulkiness of both zirconacyclopentadienes and halosilanes.

Although much attention has been focused on the unique
electronic properties of siloles (silacyclopentadienes) and their
applicability toward materials, synthetic methods for siloles are
rather limited.1-2 Among recent advances in the silole synthesis,3
zirconacyclopentadiene route32 is unique and widely applicable.
However, in this route, zirconacyclopentadienes are required to
be converted first to the corresponding 1,4-diiodobutadienes,
which are dilithiated and then treated with halo- or alkoxysilanes.
As a simpler method, direct reactions of zirconacyclopentadienes
with halosilanes have been reported to give rather disappointed
results, whereas zrconacyclopentadienes react with various
main-group elements like germanium, tin, etc. to produce the
corresponding heteroles in high yields.#> The reaction of
zirconacyclopentadiene 1 with silicon tetrabromide affords the
corresponding 1,1-dibromosilole in only low yield under rather
drastic reaction conditions (Eq. 1); 1 does not react with neat
silicon tetrachloride.# We report herein that the direct reactions
afford a convenient and useful method for the synthesis of
siloles, if proper selection of reactants and solvents is made.
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The results of the reactions of zirconacyclopentadienes 1 —
3 with a series of halosilanes are summarized in Table 1.
Typically, to a solution of 1 in chloroform, dichloromethylsilane
(2 equiv.) was added and the reaction mixture was stirred for 24
h at rt; a colorless precipitate of zirconocene dichloride was
formed gradually. Complete consumption of 1 and the formation
of 1,2,3,4,5-pentamethylsiloleS as a sole product were confirmed
by 1H, 13C, and 29Si NMR spectra of the reaction mixture.
Filtration of the precipitate followed by Kugel-rohr distillation
gave the silole in 88% yield. Similarly, reactions of 1 with
dichlorophenylsilane and silicon tetrafluoride in chloroform at rt
gave 1-phenyl-7 (89% yield) and 1,1-difluoro-2,3,4,5-
tetramethylsiloles® (96% yield), respectively. Compared to the
reaction of 1 with silicon tetrabromide (Eq. 1), these reactions
proceed smoothly under much milder conditions with high
product yields.

Remarkable solvent effects were found for the reaction of 1
with dichloromethylsilane. = While the reaction in dichloro-
methane-d, proceeds with a similar rate to that in chloroform-d,
the reaction in benzene-dj is very sluggish; heating at 50 °C for 2
days is required for the complete consumption of 1. The reaction

Table 1. Reactions of zirconacyclopentadienes with several
halosilanes in chloroform at rt
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in THF-dg is extremely slow and not completed even after
heating at 50 °C for 6 days. Among investigated solvents,
chloroform and dichloromethane are the most suitable solvents
for the reaction. The reaction rates do not depend monotonously
on the solvent polarity which is estimated by the dielectric
constant (£).° While the & values are in the order of
dichloromethane (8.93) > THF (7.52) > chloroform (4.81) >
benzene (2.28), the order of the reaction rates is dichloromethane
= chloroform > benzene >> THF. The observed solvent effects
suggest that the reaction is accelerated by a polar solvent but a
highly coordinating solvent like THF stabilizes 1 to render the
reactivity toward halosilanes.

The reaction of 1 with trichlorosilane is much faster than
that with dichloromethylsilane but gives a 1 : 2 : 1 mixture of
three siloles, 1,1-dichloro- (4),32 1-chloro-1-hydro- (5),10 and
1,1-dihydro-2,3,4,5-tetramethylsiloles (6)10 in 72% total yield

(Eq. 2). Similarly, the reaction of 1 with dichlorosilane in

chloroform or benzene is completed within a minute to afford a
1:3 mixture of 5 and 6 in 97% total yield (Eq. 3). These
products were identified by MS and NMR spectroscopy. While
the detailed mechanism of the present silole formation remains
open, the reaction may proceed via stepwise 6-bond metathesis
mechanisms, %11 where both hydrides and chlorides serve as
leaving groups on silicon. The formation of 6 in the reaction of
1 with trichlorosilane (Eq. 2) may be explained by the formation
of dichlorosilane through the -chlorine-hydrogen exchange
reaction between trichlorosilane and zirconocene chloride
hydride.

The existence of hydrides in silanes is not essential to
promote the reaction; 1 reacts smoothly with silicon tetrafluoride
to give the corresponding difluorosilole in high yield as
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mentioned above. Zirconacyclopentadiene 1 does not react with
silicon tetrachloride, 1,1-dichlorosilacyclobutane, chlorodi-
methylsilane, or diphenylsilane in chloroform even at 60 °C for
several days. Although the addition of CuCl has been reported to
promote the reactions of zirconacyclopentadienes toward
halostannanes in THF,S no significant effect of CuCl as an
additive was observed for the reaction of 1 with silicon
tetrachloride in THF.

In contrast with the reaction of 1 in Eq. 3, the reactions of
2 and 3 having more crowded zirconacyclopentadiene rings with
dichlorosilane produce the corresponding siloles as single
products,  1,1-dihydro-2,3,4,5-tetraethylsilole]2 and 1,1-
dihydro-2,5-bis(trimethylsilyl)-3,4-dimethylsilole,3¢ in 92 and
97% yield, respectively (Table 1). It is suggested that because
the Si-H bond metathesis requires a more congested transition
state than the Si-Cl bond metathesis, the former reaction is more
sensitive to the steric bulkiness of a zirconacycle. Zirconacycle 2
does not react with dichloromethylsilane in chloroform even at 50
°C. The reaction of 2 with trichlorosilane as well as the reaction
of 3 with dichloromethylsilane produces a complex mixture.

In conclusion, the direct reactions of zirconacyclo-
pentadienes with halosilanes provide a convenient and useful
method for synthesis of various siloles, while the reactions are
affected critically by the steric factors of the zirconacycles and
halosilanes and by solvents.
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