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Summary: Heating trichlorosilane with conjugated dienes
or an acetylene solution at 150 or 180 °C in the presence
of a catalytic quantity of tetrabutylphosphonium chloride
resulted in elimination of HCl and dichlorosilylene
transfer to the unsaturated substrates to afford silacy-
clopentenes or 1,4-disilacyclohexa-2,5-dienes, respec-
tively, in good to excellent yields. The trapping reaction
with hex-3-yne gave 1,1,4,4-tetrachloro-2,3,5,6-tetraethyl-
1,4-disilacyclohexa-2,5-diene in 79% yield, and its struc-
ture was determined by X-ray crystallography.

The chemistry of silylenes has seen remarkable
development in recent decades and impacted greatly on
organosilicon chemistry.1 Although the thermolysis of
polysilanes is widely used to generate unstable silylene
intermediates,2 dichlorosilylene can only be generated
by heating hexachlorodisilane or chloromonosilanes at
temperatures well above 500 or 900 °C, respectively, in
the gas phase.3 In another unrelated experiment,
hexachlorodisilane was heated in the presence of an
amine at 80-100 °C to give polydichlorosilanes, the
synthesis of which was postulated to occur via dichlo-
rosilylene.4 Additionally, Benkeser attempted to trap the
dichlorosilylene with diphenylacetylene5a in the amine-
catalyzed coupling reaction of activated organic chlo-
rides with trichlorosilane5 but was not successful.
Karsch and co-workers also reacted polarized 1,3-
diazabutenes with HSiCl3 to obtain [4 + 1] cycloadducts6

but did not explain the product formation in terms of a
dichlorosilylene reaction.6 Dichlorosilylene was gener-
ated at room temperature by R-elimination of trimeth-
ylchlorogermane from (trichlorosilyl)trimethylgermane

and trapped with p-phosphanyl phosphaalkenes.7 In
view of these earlier reports, we wish to report the
surprisingly facile transfer of dichlorosilylene from
HSiCl3 to appropriate substrates at 150 or 180 °C in
the presence of catalytic quantities of tetrabutylphos-
phonium chloride ([Bu4P]Cl). Dichlorosilylene reactions
with conjugated dienes (1) and acetylenes proceeded as
shown in eqs 1 and 2, giving products in good to

excellent yields. The possibility of the intermediary of
[:SiCl2] is discussed.

Recently, we communicated the novel phosphonium
chloride catalyzed dehydrohalogenative Si-C coupling
reaction of alkyl chlorides with HSiCl3, which gives
organotrichlorosilanes in excellent yields.8 This reaction
works effectively with activated and nonactivated or-
ganic halides at temperatures ranging from 130 to 170
°C. For the mechanism, we proposed an intermediate
pentacoordinated hydridotetrachlorosilane anion,
[HSiCl4]- (I), formed by the interaction of [Bu4P]Cl with
HSiCl3, which loses hydrogen chloride to give a tetrabu-
tylphosphonium cation/trichlorosilyl anion pair (II).8
Then the trichlorosilyl anion of the intermediate II
attacks the alkyl chloride to produce the Si-C coupling
product.8 As an alternative, the possibility exists for the
trichlorosilyl anion to lose chloride ion to give the
intermediate dichlorosilylene, [:SiCl2]. The latter then
could insert into the C-Cl bond to form the Si-C-
coupled products.9 To test whether dichlorosilylene is
generated by heating HSiCl3 in the presence of [Bu4P]-
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Cl, we reacted HSiCl3 with 2,3-dimethylbutadiene (1c),
known as a good trapping agent of silylene,1 at 150 °C
in the presence of 10 mol % of [Bu4P]Cl.10 The dichlo-
rosilylene-trapping product, 1,1-dichloro-3,4-dimethyl-
silacyclopent-3-ene (2c),11 was obtained in 92% yield
along with a 2:3 mixture of (E)- and (Z)-1,4-bis(trichlo-
rosilyl)-2,3-dimethylbut-2-enes12 as minor products. The
results obtained in this reaction with a variety of
conjugated dienes are listed in Table 1.

As shown in Table 1, the reaction with butadiene itself
(1a) gave the silylene-trapping product 2a in 68%

isolated yield, along with a mixture of (E)- and (Z)-1,4-
bis(trichlorosilyl)but-2-enes17 (5%) and crotyltrichlorosi-
lane17 (20%) as minor products. The reactions with other
dienes 1b-e gave 2b-e in higher yields (83-94%), and
the total yield of mono- and 1,4-bis(trichlorosilyl)-2-
butene byproducts was less than 10%. Generally, in-
ternal methyl-substituted dienes 1b,c reacted more
rapidly and gave higher yields of 2 than did the terminal
methyl-substituted diene 1d. It is known that a silylene
intermediate can be inserted into Si-Cl7b or Si-H
bonds18 to form disilanes. However, the insertion prod-
ucts of disilanes or polysilanes were not observed,
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detail are given in the Supporting Information.
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57.

Scheme 1. Proposed Mechanism for the Formation of 2

Figure 1. Molecular structure of 3. Thermal ellipsoids are
drawn at the 30% level (hydrogen atoms are omitted for
clarity). Selected bond distances (Å) and angles (deg): C1-
C4*, 1.344(9); Si1-C1, 1.851(6); Si1-Cl1, 2.050(2); C1*-
Si1*-C4*, 117.4(3); C1-C4*-Si1*, 121.1(5); Cl1*-Si1*-
Cl2*, 105.02(11); C1*-Si1*-Cl1*, 107.7(2).

Table 1. Reaction of Dienes 1 with HSiCl3
a

a The reaction was carried out using a 40:10:1 mol ratio of
HSiCl3 to 1 to catalyst. b Yields were determined by GLC using
n-dodecane as an internal standard. c Isolated yield. d Crotyl-
trichlorosilane and a 48:52 mixture of (E)- and (Z)-1,4-bis(trichlo-
rosilyl)-2-butenes were obtained in 20 and 5% yields as byproducts,
respectively.
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probably due to their decomposition under our reaction
conditions.19

Among the known silylene trapping agents, alkynes
are known to be as effective as conjugated dienes.1b,20

In view of this, the HSiCl3/[Bu4P]Cl reaction was carried
out in the presence of hex-3-yne. This reaction gave the
expected silylene-trapping product, 1,1,4,4-tetrachloro-
2,3,5,6-tetraethyl-1,4-disilacyclohexa-2,5-diene (3), in
79% yield.21 The X-ray diffraction structure of the six-
membered-ring compound 3 showed it to be in the chair
conformation with two carbon-carbon double bonds of
length 1.34 Å. Other silicon-carbon (1.85 Å) and
silicon-chlorine (2.05 Å) bond lengths were within the
expected range (Figure 1).

On the basis of our results, we propose a mechanism
for the [Bu4P]Cl-catalyzed dichlorosilylene generation
and the trapping reaction with 1, as shown in Scheme

1. [Bu4P]Cl interacts with HSiCl3 to form the intermedi-
ate I, which loses hydrogen chloride upon heating to give
the intermediate II.8 Intermediate II subsequently loses
a chloride ion to produce dichlorosilylene, [:SiCl2], and
to regenerate the [Bu4P]Cl catalyst. This [:SiCl2] adds
to carbon-carbon double bonds of conjugated dienes 1
to form the silacyclopropane intermediate III, as is the
case of [:CCl2], which undergoes a ring expansion with
the other vinyl group to give the 1-silacyclopent-3-ene
2.1b In an alternative pathway, the intermediates III
could be attacked by Cl-, to give the ring-opened
1-trichlorosilyl-substituted butenyl anion IV. This in-
termediate IV then could react with hydrogen chloride
to give a single-silylation product or with tetrachlorosi-
lane to give a double-silylation product.

We are presently investigating the utilization of
dichlorosilylene for the preparation of a variety of
organochlorosilanes. These results will be disclosed in
a future paper.
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(trichlorosilyl)hex-3-ene and 3,4-bis(trichlorosilyl)hexanes as minor
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