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Direct synthesis of organochlorosilanes by the reaction of metallic silicon with
hydrogen chloride and alkene/alkyne

Masaki Okamoto, Satoshi Onodera, Yuji Yamamoto, Eiichi Suzuki and Yoshio Ono*†

Department of Chemical Engineering, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo 152, Japan

Organosilicon compounds were directly synthesized from
metallic silicon, alkene/alkyne and HCl, EtHSiCl2 being
obtained with 47% selectivity from Si, C2H4 and HCl at 513
K, and CH2NCHSiHCl2 and EtHSiCl2 with 39 and 23%
selectivity, respectively, when C2H2 was used in place of
C2H4.

Methylchlorosilanes, especially dimethyldichlorosilane, are
produced industrially by the reaction of metallic silicon with
MeCl using a copper catalyst.1 The direct synthesis of
dimethyldichlorosilane is the key step for synthesizing silicone
polymers. Various mechanisms have been proposed for this
direct synthesis.2 We carried out the reaction in the presence of
butadiene as a silylene trapping agent and found that an
appreciable amount of silacyclopent-3-enes was formed to-
gether with methylchlorosilanes.3 This indicates the inter-
mediacy of silylene-type species in this heterogeneous reaction.
It was presumed that the silylene species are formed on the
surface of a silicon–copper alloy, through which silicon atoms
diffuse out to the surface from the phase of metallic silicon. The
intermediacy of the silylene species has also been proposed for
the selective formation of trialkoxysilanes in the direct reactions
of metallic silicon with alcohols.4

HCl also reacts with metallic silicon to afford chlorosilanes,
mainly trichlorosilane.5 We presume that the surface silylene is
also an intermediate for the selective formation of tri-
chlorosilane.

It is well known that the addition of silylenes to alkenes gives
vinylsilanes via silacyclopropane intermediates.6,7 It is very
plausible that silylene species at the surface also react with
alkenes to form silacyclopropanes. In previous work, we have
reported that ethylmethoxysilanes are obtained by the reaction
of metallic silicon, MeOH and C2H4.8 When allyl propyl ether
was used instead of C2H4, allyldimethoxysilane was obtained in
38% selectivity.9

In this work, we report that alkylsilanes are directly prepared
by the reaction of metallic silicon and HCl in the presence of
C2H4 or propene. Organosilanes are also obtained by the
reaction of metallic silicon, HCl and C2H2.

The reactions were carried out in a fixed-bed flow reactor.
The mixture of metallic silicon (8.9 mmol) and copper(i)
chloride (0.79 mmol) as a catalyst was placed in a quartz tube
reactor (id 10 mm) and preheated at 723 K for 10 min. Then,
HCl (3 mmol h21) and C2H4 (12 mmol h21) was fed to the
reactor at 513 K. The reactor effluents were analyzed every 10
min by GC.

Fig. 1 shows the time courses of the rates of formation of
products and cumulative conversion of silicon. Ethyldichloro-
silane and trichlorosilane were obtained as the main products.
The rates of formation of these products increased to the
maximum with reaction time and then decreased. Small
amounts of dichlorosilane and tetrachlorosilane were also
formed. The cumulative conversion of silicon reached 36% in
12 h. Though the reaction was stopped at 12 h in the experiment
in Fig. 1, further increases in silicon conversion would be
attained on further extending reaction time. The overall
selectivity for ethyldichlorosilane for 12 h was 47%. The

selectivities for dichlorosilane, trichlorosilane and tetrachlor-
osilane were 6, 45 and 2%, respectively.

Note that ethyldichlorosilane was the sole organosilane
produced. To explain this fact, we propose the following
reaction scheme involving surface silylene 1 as shown in
Scheme 1. In the absence of C2H4, the surface silylene reacts
with HCl. The subsequent reactions through surface species 2
and 3 lead to the formation of HSiCl3 as the main product. The
formation of HSiCl3 by the addition of HCl to dichlorosilylene
has been reported.10 The silylene intermediate 1 reacts with
C2H4 to form silacyclopropane species 4. The species 4 is
converted into the surface species 5 by attack of HCl. Finally
attack of HCl on the species 5 leads to the cleavage of the two
Si–Cu bonds to form ethyldichlorosilane.

Use of propene instead of C2H4 under similar conditions
resulted in the formation of propyldichlorosilane and iso-
propyldichlorosilane with the selectivities of 10 and 24%,
respectively, together with chlorosilanes.

When C2H2 was used instead of alkenes, vinyldichlorosilane
and ethyldichlorosilane were produced. After preheating the

Fig. 1 Time courses of formation rates of the products and cumulative
conversion of silicon in the reaction of silicon, HCl and C2H4. Preheating:
723 K for 10 min; reaction: 513 K, Si: 8.9 mmol, CuCl: 0.79 mmol. Feed:
HCl (3 mmol h21) and C2H4 (12 mmol h21). Rates of formation of (a)
ethyldichlorosilane, (b) dichlorosilane, (c) trichlorosilane, (d) tetrachlor-
osilane and (e) conversion of silicon.

Scheme 1
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silicon–CuCl mixture at 723 K, only HCl (15 mmol h21) was
fed at 513 K for 10 min. During this period, 1% of silicon
charged in the reactor was consumed to form chlorosilanes, the
main product being HSiCl3. Then, the feed of HCl was changed
to a mixture of HCl (15 mmol h21) and C2H2 (4 mmol h21).
Vinyldichlorosilane and ethyldichlorosilane were produced
together with chlorosilanes. The overall selectivities in the 5 h
reaction for vinyldichlorosilane and ethyldichlorosilane were
39 and 23%, respectively, these two organosilanes accounting
for 62% of the products. About 13% of silicon charged in the
reactor was consumed in 5 h. A plausible mechanism for the
formation of vinyl- and ethyl-dichlorosilane is shown in
Scheme 2.

The silylene intermediate 1 reacts with C2H2 to form a
silacyclopropene surface species, which is attacked by HCl to
form a surface species containing a vinyl group. Silacyclopro-
pene intermediates are often postulated in the reaction of
silylenes with alkynes, though normally only dimeric products,
1,4-disilacyclohexa-2,5-dienes are obtained.7,11 The exclusive
formation of monomeric products indicates the silylene species
do not exist in the vapor phase, but are located on the surface.
Formation of ethyldichlorosilane indicates that the hydro-
genation of the intermediate(s) occurs on the surface.

Table 1 shows the effect of the C2H2 : HCl molar ratio on the
product distribution. Without C2H2, high conversion of metallic
silicon is attained, giving trichlorosilane as a main product. As

the C2H2 : HCl ratio increases, the reactivity of metallic silicon
decreases. The selectivity for organosilanes was highest at a
C2H2 : HCl ratio of 0.26.

The reactions of silicon, HCl and alkene/alkyne offer a new
method for synthesizing organosilanes directly from metallic
silicon.
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Scheme 2

Table 1 Effect of C2H2 : HCl ratio on the Si–HCl–C2H2 reactiona

Si (C2H3)-
C2H2 : HCl conversion HSiCl2 EtHSiCl2 H2SiCl2 HSiCl3 SiCl4
ratio (%) (%) (%) (%) (%) (%)

0.33 15 27 15 4 53 1
0.26 16 34 21 0 45 0
0.2 31 23 11 4 61 1
0.13 37 22 11 5 62 1
0.07 67 10 3 11 76 1
0 85 — — 6 93 1

a Preheating: 723 K for 10 min; reaction: 513 K for 5 h, Si: 8.9 mmol, Cu:
0.20 mmol, HCl: 15 mmol h21.
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