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Summary: In situ tetrakis(triphenylphosphine)palladium
appeared to be a very efficient catalyst for dehydroge-
native double silylation of bis- and tris(dichlorosilyl)-
methanes with acetylenes to produce 1,1,3,3-tetrachloro-
1,3-disilacyclopent-4-enes in fair to excellent yields (32.7-
92.6%), depending upon the substituents R1 and R2 at
alkynes or R at silanes.

Although the hydrosilylation reaction is one of the
most important Si-C bond forming reactions and has
been widely investigated,1 dehydrogenative double-
silylation reactions of unsaturated organic compounds
with hydridosilanes are relatively unexplored. The
dehydrogenative double silylation of acetylenes with
chlorosilanes was first reported by Kumada et al. in
1975.2 The reaction gave stereospecific cis silylation
products in good yields, but the nickel complex catalyst
was unstable and high reaction temperatures of 250-
300 °C were required. Tanaka et al. later reported the
double-silylation reactions of acetylenes, alkenes, and
dienes with o-bis(dimethylsilyl)benzene to give the
corresponding disilacyclohexadiene derivatives.3 Several
nickel, palladium, and platinum compounds were found
to be active catalysts for the reaction.4 In the reaction
mechanism, a five-membered intermediate derived from
the oxidative addition of two Si-H bonds to the catalyst
metal, followed by the evolution of hydrogen, was
proposed.5 The five-membered intermediate containing
two Si-metal bonds interacted with acetylene to afford
the disilacyclic double-silylation products.

Kang et al. recently reported the double silylation of
alkynes, olefins, conjugated dienes, conjugated enones,
and cyanides with o-bis(dimethylsilyl)carborane as a
silylating agent.6 They were able to isolate the nickel-,
palladium-, or platinum-containing five-membered si-

lacarborane intermediates and reported the X-ray struc-
tures (eq 1). From these results, metal-containing five-

membered silacarboranes were proved to be the key
intermediates in the dehydrogenative double-silylation
reactions and the mechanism was clarified.

Recently, we reported the successful preparations of
bis(dichlorosilyl)methane and tris(silyl)methanes by
reacting elemental silicon directly with a mixture of
methylene chloride,7 (dichloromethyl)silanes, or chlo-
roform and hydrogen chloride, respectively.8 Consider-
ing that bis- and tris(silyl)methanes have two Si-H
bonds, we attempted to react them with acetylenes by
hydrosilylation to prepare 1,3-disilacyclopentanes. Sur-
prisingly, 1,3-disilacyclopent-4-enes were obtained as
the major products in fair to excellent yields, depending
upon the reactants, when tetrakis(triphenylphosphine)-
palladium was used as a catalyst. Herein we wish to
communicate the one-step synthesis of 1,3-disilacyclo-
pent-4-enes having four Si-Cl functional groups by the
dehydrogenative double-silylation reaction (eq 2).

As shown in Table 1, acetylene was bubbled into a
solution of 1a (4.91 g) and 0.087 g of tetrakis(triphen-
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ylphosphine)palladium in 75 mL of benzene at reflux
temperature for 8 h. The reaction products were vacuum-
distilled at 0.5 Torr to give 4.88 g of 2-(methyldichlo-
rosilyl)-1,1,3,3-tetrachloro-1,3-disilacyclopent-4-ene (3aa)-
in 92.7% isolated yield, based on reacted 1a.9

The same reaction with 2b,c also gave the double-
silylation products in slightly lower yields than the
reaction with 2a, presumably due to the increased steric
bulk of the acetylenes. The reaction of 1a with diphen-
ylacetylene 2d gave only 4.5% yield of product while the
reaction of 1b with 2d did not proceed. Similarly, only
a small amount of dehydrogenative double-silylation
product was obtained from the reaction of 3-hexyne with
1a.10 Lower reactivities of acetylenes having substitu-
ents at both sides of the triple bond might be explained
by the higher steric interactions between the reacting
acetylenes and silanes. This is in contrast to previously
reported results for other systems, where steric hin-
drance was not a factor.3a,6

Although metal complexes of nickel, palladium, and
platinum are known to be good catalysts for dehydro-
genative double silylation,3-6 reactions using Karstedt’s
platinum catalyst and tetrakis(triphenylphosphine)-
nickel instead of tetrakis(triphenylphosphine)palladium
did not give the same double-silylation products. Reac-

tions using chloroplatinic acid as a catalyst gave the
double-silylation products in lower yields than the reac-
tions using the palladium catalyst. Interestingly, the
reaction of 1a with 2d in the presence of chloroplatinic
acid gave the double-hydrosilylation product 4ad in
excellent yield instead of the dehydrogenative double-
silylation product.10 This indicates that dehydrogenative
double-silylation and double-hydrosilylation reactions
are competing and that the platinum catalyst is less
sensitive to steric effects compared to the palladium
catalyst. The results also indicate that double hydrosi-
lylation is more favored when acetylenes having electron-
withdrawing groups are used. Hydrosilylation is also
more favored in the presence of platinum catalyst than
palladium, likely due to easy complexation of platinum
with carbon-carbon multiple bonds.11

Reactions of 1b with 2a,b yielded 3ba-b in moderate
yields, along with a small amount of the open-chain
hydrosilylation products. Besides the dehydrogenative
1,2-double-silylation products, 1,1-double-silylation prod-
ucts were also reported as byproducts in reactions with
terminal acetylenes.3 However, the 1,1-double-silylation
products were not detected in the reactions of terminal
alkynes 2b,c with 1a, probably due to the high ring
strain of the four-membered-ring products. The dehy-
drogenative 1,2-double silylation was also extended to
alkenes and conjugated dienes. The reaction of 1b with
alkenes at refluxing temperature in the presence of
palladium complex for 20 h did not give any product
but gave open-chain hydrosilylation products in the
presence of chloroplatinic acid. The analogous pal-
ladium-catalyzed reaction of 1b with conjugated dienes
gave open-chain hydrosilylation products.12 This indi-
cates that the reactivity of alkynes in the double-
silylation reaction to afford 3 and 4 is higher than those
of alkenes and alkanedienes in the presence of pal-
ladium or platinum catalyst. In general, trisilyl com-
pounds give cyclized products in higher yields than
dissilyl compounds. The favorable intramolecular cy-
clization reaction of trisilyl compounds may be explained
by the closer interaction of the two dichlorosilyl groups
due to steric repulsion between the silyl substituents
on the R-carbon and the two dichlorosilyl groups.

On the basis of our results and previous reports, a
plausible catalytic cycle is proposed, as shown in Scheme
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Table 1. Dehydrogenative Double Silylations of
Acetylenes with Bis- and Tris(silyl)methanesa

reactantb yield (%)c

3entry R R1 R2
time
(h) 4

1 2a H H 8 3aa 92.6 trace
2 1a SiMeCl2 2b H Ph 3 3ab 83.3
3 2c H Bu 2 3ac 72.3d

4 2d Ph Ph 15 3ad 4.5d

5 2a H H 5 3ba 38.9 2.1d

6 1b H 2b H Ph 2 3bb 32.7 1.5d

7 2d Ph Ph 12 3bd trace
8 1c SiCl3 2a H H 6 3ca 45.3
9 1d SiHCl2 2a H H 4 3da 47.8
10 2b H Ph 2 3db 72.6
a (Methyldichlorosilyl)bis(dichlorosilyl)methane (1a), bis(dichlo-

rosilyl)methane (1b), (trichlorosilyl)bis(dichlorosilyl)methane (1c),
and tris(dichlorosilyl)methane (1d) were synthesized according to
refs 7 and 8. b Reactions were carried out in benzene solvent at
reflux temperature, in the presence of 0.5 mol % of palladium
complex based on 1 used. Acetylene was blown into the reaction
solution at a rate of 50 mL/min. c Isolated yields were based on
reacted 1a unless otherwise noted. d Yields were determined by
GLC using n-dodecane as an internal standard.

Scheme 1
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1. First, an oxidative addition of the Si-H bond of 1 to
palladium presumably takes place to form intermediate
I, and subsequently the second Si-H bond adds to
palladium to liberate hydrogen and form disilacyclic
intermediate II. The formation of intermediate II is
reasonable and consistent with the five-membered si-
lacarborane intermediates reported by Kang et al.6
Although the ring strain of intermediate II should be
higher than that of the five-membered silacarborane
intermediates,6 its existence is not unreasonable; a
three-membered palladacyclopropane intermediate has
been reported and characterized by X-ray spectroscopy
in the bis-silylation of acetylenes catalyzed by a pal-
ladium complex.13 The insertion of an in situ alkyne into
a silicon-palladium bond to produce III, followed by
reductive elimination, provides the dehydrogenative
double-silylation products 3.

In summary, the dehydrogenative double-silylation
reactions of alkynes with bis- and tris(dichlorosilyl)-
methanes 1a-d were effectively catalyzed by a pal-
ladium complex to afford 1,1,3,3-tetrachloro-1,3-disila-
cyclopent-4-enes. Details of the extension of this
chemistry to other substituted bis- and tris(dichlorosi-
lyl)methane compounds will be reported shortly.
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