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Abstract

(v-Chloroalkyl)silanes [Cl3−mMemSi(CH2)n�Cl: m=0–3, n=1–3] underwent Friedel–Crafts alkylation with benzene in the
presence of aluminum chloride to give alkylated products. Such alkylation reactions took place at temperatures ranging from
room temperature (m=0–1, n=2, 3; m=3, n=1) to 80 (m=1, 2; n=1) and 200°C (m=0; n=1), depending on the
substituent(s) of the silicon and the alkylene-chain spacer between the silicon and C�Cl bond of (v-chloroalkyl)silanes. In the
alkylation to benzene, the reactivities of (v-chloroalkyl)silanes increase as the number (m) of methyl-group(s) at the silicon and
the alkylene length between the silicon and C�Cl bond increases. While decomposition of alkylation products was observed at two
more methyl groups substituted at silicon in the cases of (chloromethyl)silanes such as (chloromethyl)dimethylchlorosilane and
(chloromethyl)trimethylsilane. The reaction with (chloromethyl)trimethylsilane occurred at room temperature to give
trimethylchlorosilane, toluene and xylene via a decomposition reaction of the products. No (trimethylsilylmethyl)benzene was
formed. In the alkylation to benzene, the reactivity of (v-chloroalkyl)silanes decreases in the following order: m=3\2\1\0;
n=3\2�1. The results are consistent with the stability of the carbocation generated by the complexation of (v-
chloroalkyl)silanes with aluminum chloride. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Friedel–Crafts alkylations catalyzed by Lewis acid
have for a long time [1,2] been widely used and are an

established route for the introducing of alkyl sub-
stituent to aromatic rings both in the laboratory and in
the petrochemical industry. While the alkylations with
silicon compounds [3] such as alkenylchlorosilanes [4–
7] and (chloroalkyl)chlorosilanes [8–11] attracted rela-
tively little attention in this field because of the limits of
the syntheses and separation of alkenylchlorosilanes
[12,13] and (chloroalkyl)chlorosilanes [14,15], even
though organylchlorosilanes such as methylchlorosi-
lanes, vinylchlorosilanes, phenylchlorosilanes, etc. are
used as starting materials in the silicone industry. Some
benzene derivatives containing the Si�Cl functionality
synthesized by alkylation with the limited (chloroalkyl)-
chlorosilanes such as (v-chloroalkyl)methyldichloro-
silanes and (v-chloroalkyl)trichlorosilanes were re-
ported [8–11], but the details of the alkylations have
not been reported. We have studied the Friedel–Crafts
alkylation of benzene with alkenylsilanes such as al-
lylchlorosilanes [16] and vinylchlorosilanes [17,18]
in the presence of aluminum chloride and have
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Table 1
Reaction conditions of benzene with (v-chloromethyl)silanes (1a–d) and alkylation products

Silane 1 (unreacted) Alkylation products (%)Reaction conditions a

Temperature (°C) Time (h) 2 di-

1a 55 200 20 2a, 31
80 2099
80 1610 2b, 711b 13

1c b 80 3 2b, 18 1
2c, 22

r.t. 4 Other products c1d

a The reaction was carried out in the presence of 20 mol% aluminum chloride catalyst.
b Decomposition products, 2c (22%), dimethyldichlorosilane (25%), and toluene (15%), also were obtained.
c Toluene and trimethylchlorosilane as major products were obtained along with a small amount of xylene.

extended the alkylations of (v-chloroalkyl)chlorosilanes
to aromatic compounds, eventually making multifunc-
tionalized compounds with Si�Cl bonds as shown in the
polyalkylation with vinylsilanes [17,18]. As basic re-
search for a systematic study on the alkylation with
(v-chloroalkyl)silanes, simple benzene, as a representa-
tive among aromatic compounds, reacted with various
(v-chloroalkyl)silanes (Cl3−mMemSi(CH2)n�Cl: m=0–
3; n=1–3) in the presence of aluminum chloride cata-
lyst. In this paper, we wish to report in detail the
activation effect of the C�Cl bond of (v-
chloroalkyl)silanes by AlCl3 catalyst on the substituents
at the silicon and on the alkylene-chain spacer between
C�Cl and the silicon in this alkylation to benzene.

2. Results and discussion

(Chloroalkyl)chlorosilanes (Cl3−mMemSi(CH2)n�Cl:
m=0–2; n=1–3) undergo the Friedel–Crafts alkyla-
tion with benzene in the presence of aluminum chloride
catalyst to give (v-silylalkyl)benzenes containing an
Si�Cl bond as a useful functionality (Scheme 1). In
these reactions, the alkylation reactivities of (v-
chloroalkyl)benzenes depend on the substituents at sili-
con and the alkyl-chain length between C�Cl and
silicon. Both effects were estimated by experimental and
simple computer calculation studies.

2.1. Effect of substituents at silicon on the alkylation
of (chloromethyl)silanes to benzene

To study the effect of substituents at the silicon of
(v-chloroalkyl)silanes on the Friedel–Crafts alkylation,
the alkylation to benzene was carried out by varying
the substituents at the silicon of simple
(chloromethyl)silanes (Cl3−mMemSiCH2Cl (1a), m=0;
1b, m=1; 1c, m=2; 1d, m=3) in the presence of
aluminum chloride. In this reaction, a 10-fold excess of
benzene with respect to 1 was used in each experiment

to reduce the formation of dialkylated compounds.
These results are summarized in Table 1.

As shown in Table 1, the alkylation reactivity of
(chloromethyl)silanes (Cl3−mMemSiCH2Cl) to benzene
increases as the number of methyl-substituent(s) at the
silicon of (chloromethyl)silanes increase, depending on
the substitutents at the silicon atom. In particular, 1a
substituted with all chloro-groups at the silicon reacted
with benzene under drastic conditions, the high temper-
ature of 200°C in a sealed stainless steel tube, to afford
the alkylated product. After a 20 h reaction period,
only 49% of 1a was consumed to give 2a in 31% yield.
But the alkylation reaction with 1a was not observed at
an 80°C reaction temperature described in the literature
[9]. The alkylation reactions with 1b and 1c occurred at
80°C to afford 2b in 71% yield and a 1:1 mixture of 2b
and 2c in 61% yield, respectively. In the case of 1d, the
reaction occurred at room temperature to give
trimethylchlorosilane, toluene, and xylene (trace) which
would be expected to be formed by the decomposition
of (trimethylsilylmethyl)benzene, and (trimethylsilyl-
methyl)toluene. These results indicate that the electron-
withdrawing chloro group(s) at the silicon of
(chloromethyl)silanes deactivate the alkylation, while
the electron-donating methyl group(s) facilitate it
[16,19] and also the decomposition reaction. The effect
of the substituents at the silicon of
(chloromethyl)silanes on the alkylation to benzene can
be rationalized in terms of the stability of the carboca-
tion intermediate [20], generated by the reaction of
(chloromethyl)silanes with aluminum chloride, attack-
ing benzene electrophilically.

In the alkylation with (chloromethyl)silanes, 1c and
1d, substituted with two more methyl-groups at silicon,
unexpected products, toluene, xylene, and chlorosi-
lanes, were obtained. In the case of the reaction with
1c, both alkylation products of normal 2c and unex-
pected 2b were obtained along with decomposed prod-
ucts, dimethyldichlorosilane, toluene, xylene, etc.
(Scheme 2).
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Scheme 2. Scheme 3.

Scheme 4.

Reaction pathway to these unusual products whether
coming from the decomposition of an alkylation
product or starting material was investigated. In detail,
the reaction of benzene with 1b in the presence of 20
mol% aluminum chloride at 80°C was monitored at
various reaction times using GLC. In this reaction, the
distributions of both alkylation products, 2b and 2c,
were summarized along with those of the decomposed
products, dimethyldichlorosilane and toluene in Table
2.

As shown in Table 2, when the reactant 1c consumed
from 57% in 1 h reaction to 100% in 3 h reaction,
unexpected product 2b increases from 8 to 18%, while
normal alkylation product 2c decreases from 24 to 22%.
In this reaction, the decomposed products,
dimethyldichlorosilane and toluene, increase from 11
and 9 to 22 and 18%, respectively. The results suggest
that the alkylation product 2c is initially formed by the
reaction of benzene with 1c and is consumed to give an
unexpected 2b, toluene, dimethyldichlorosilane, etc. To
clarify the formation pathway of 2b in this reaction,
reactant 1c and product 2c in the presence of aluminum
chloride catalyst at room temperature were stirred in
the presence and the absence of HCl gas, respectively.
In these reactions, the reactant 1c remained without
decomposition after 1 h in both cases and compound 2c
was decomposed to give 2b, toluene, and
dimethyldichlorosilane in the presence of HCl gas, but
also to give trace amounts of those in the absence of
HCl (Scheme 3). These results suggest that compound
2c reacted with HCl in the presence of aluminum
chloride to give 2b, toluene, and dimethyldichlorosilane
involving the cleavage reaction of Si�C bonds between
both benzyl and methyl groups at silicon by HCl attack
in competition.

In the case of the reaction with 1d, the decomposed
products, trimethylchlorosilane and toluene, were ob-
served predominantly along with a trace of xylene
without an expected alkylation product, ben-
zyltrimethylsilane (2d). To investigate the reaction path-
way for the formation of decomposed products
compounds 1d and 2d were stirred in the presence and
the absence of HCl at room temperature in the presence
of aluminum chloride catalyst, respectively. In these
reactions, 1d was converted to ethyl(dimethyl)-
chlorosilane (major) [21] and trimethylchlorosilane
(trace) in the absence and the presence of HCl (Scheme
4) and 2d in the presence of HCl was decomposed to
give toluene, trimethylchlorosilane, and 2c (small
amount). It is suggested that such decomposed prod-
ucts were obtained from the cleavage of benzylic car-
bon�silicon and methyl carbon�silicon bonds at the
alkylation products by the attack of HCl formed in the
presence of aluminum chloride. For preparation of the
expected alkylation compounds, (chloromethyl)silanes
are required to have at least two chlorine groups at
silicon, indicating that the substituents at the silicon of
(chloromethyl)silanes play a key role in the synthesis of
(silylmethyl)benzenes using the Friedel–Crafts alkyla-
tion method.

Table 2
Product distribution in the reaction of benzene with 1c a

Reaction time (h) Reactant Products

Others2b 2c Me2SiCl2
b1c

29 131 43 9
20112 32 26

283 23 Trace c300

a The reaction was carried out at 80°C in the presence of 20 mol% aluminum chloride.
b Toluene was obtained as a major product in 75–82 mol% with respect to Me2SiCl2 among decomposition products in three cases.
c Dialkylated products were observed in GLC–MS analysis.
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2.2. Effect on alkylene-chain length between the C�Cl
bond and silicon in the alkylation of
(v-chloroalkyl)silanes to benzene

To study the effect of the alkylation reactivity on the
alkylene-chain length between the C�Cl bond and the
silicon at (chloroalkyl)silanes, (v-chloroalkyl)silanes
such as (chloromethyl)silanes, (chloroethyl)silanes, and
(chloromethyl)silanes were tested. In this study, (v-
chloroalkyl)silanes substituted with two or more
chloro-groups at the silicon [Cl3−mMemSi(CH2)nCl:
m=0, n=2 (1e); m=1, n=2 (1f); m=0, n=3 (1g);
m=1, n=3 (1h)] as representative were used restric-
tively because of the unexpected decomposition of alky-
lation compounds formed by the reaction with
(chloromethyl)silanes containing one or no chloro-
group at the silicon above and compared with
(chloromethyl)silanes 1a,b. (v-
Chloroalkyl)chlorosilanes 1e–h reacted with 10-fold ex-
cess of benzene in the presence of aluminum chloride
catalyst. The results obtained from the reaction with
1e–h are summarized in Table 3.

As shown in Table 3, the alkylation of benzene with
(v-chloroalkyl)trichlorosilanes, 1e and 1g, containing
methylene or ethylene as a spacer between C�Cl and
the silicon, respectively, occurred at much lower tem-
perature (room temperature) than at 200°C for that
with 1a in a series of (v-chloroalkyl)trichlorosilanes. In
a series of (v-chloroalkyl)trichlorosilanes such as 1a, 1e,
and 1g, the alkylation reactivity of 1e is slightly less
than that of 1g, but is much higher than that of 1a,
indicating that (v-chloroalkyl)silanes such as (2-
chloroethyl) (1e) and (3-chloropropyl)silane (1g) are
affected little by the electronic nature of the silyl-group
in their reactivity to alkylation. The alkylation reaction
with (2-chloroethyl)chlorosilanes 1e and 1f under mild
conditions afforded (2-silylethyl)benzenes 2e and 2f in
88 and 91% yields, respectively. In the case of both
3-chloropropylchlorosilanes 1g and 1h, the normal

alkylation products, [3-(silyl)propyl]benzenes 2g and 2h,
were obtained in 89 and 80% yields along with [1-
methyl-2-(silyl)ethyl]benzenes (2g% and 2h%) as minor
products in 2 and 13% yields, respectively. The forma-
tion of [1-methyl-2-(silyl)ethyl]benzenes as minor prod-
ucts from the reactions with 1g and 1h can be
rationalized in terms of the stability of carbocation
intermediates which a primary carbocation generated
from the complexation of (3-chloropropyl)silanes with
aluminum chloride is rearranged to a more stable sec-
ondary carbocation at b-carbon to the silicon [10]. In
the alkylation reaction of both (3-chloropropyl)silanes
1g and 1h to benzene, 1g substituted all chloro-groups
to the silicon was shown to be more selective than 1h
for the formation of (3-silylpropyl)benzene, implying
that the production of isomeric compounds can be
affected by the substituents on the silicon of (3-chloro-
propyl)silanes. It seems likely that the methyl-sub-
stituent at the silicon of 1h facilitates the rearrangement
of the primary carbocation to the secondary carboca-
tion in the AlCl3-catalyzed reaction compared with 1g
facilitated by the s–p interaction between the Si�C
bond and the secondary-carbocation as observed in
other alkylation [3,16,22] and allylsilylation reactions
with allylsilanes [23,24].

2.3. Approximate calculation of the substituent effect at
the silicon of (chloroalkyl)silane for the acti6ation
energy of the C�Cl bond catalyzed by AlCl3

To estimate the activation effect of the C�Cl bond on
the substituents at the silicon of (v-chloroalkyl)silanes
in the alkylation to benzene, the following four-step
reaction pathway from the starting material 1 to the
product is considered. First, the C�Cl bond of
(chloroalkyl)silane 1 interacts with the aluminum chlo-
ride catalyst to afford a 1–AlCl3 complex which is
generated to give a carbocation intermediate (C+···−

ClAlCl3) as an ionic pair [25]. This carbocation inter-
mediate electrophilically attacks the benzene ring to
generate a benzenonium ion intermediate, which even-
tually gives alkylated benzene through deprotonation
by the aluminum tetrachloride anion. Finally the hy-
drogen aluminum tetrachloride complex affords alu-
minum chloride and hydrogen chloride. In this
mechanism, the carbocation intermediate generation
step is considered to simplify the calculation even
though it should not be ruled out that the 1–AlCl3
complex generated in the first step may interact directly
with benzene to give the benzenonium ion intermediate
[1,26]. In such an assumption, the stability of the carbo-
cation intermediate generated affected by the sub-
stituents at the silicon of (chloroalkyl)silanes. The
activation energy of the C�Cl bond by AlCl3 at the
variation of methyl- and chloro-substituent(s) at the
silicon of (v-chloroalkyl)silanes was estimated by

Table 3
Reaction conditions of benzene with 1e–h and alkylation products

Reaction conditions aSilane Alkylation products (%)

Temperature 2 OthersTime (h)
(°C)

r.t. 1.5 –1e 2e (88)
2 b1f 2f (91)1r.t.

1r.t. 2g% (2) c1g 2g (89)
1h r.t. 1 2h (80) 2h%(13) d

a The reaction was carried out in the presence of 20 mol% alu-
minum chloride catalyst.

b Bis[(methyldichlorosilyl)methyl]benzenes.
c 2g% is [2-(methyldichlorosilyl)ethyl]benzene an isomeric product.
d 2h% is [1-methyl-2-(methyldichlorosilyl)ethyl]benzene as an iso-

meric product.
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Fig. 1. Potential energy diagram for the activation of 1 by AlCl3.

alkylation among 1a–e. The activation of the C�Cl
bond of 1e, which contains the methylene spacer be-
tween the C�Cl bond and the silicon, is the lowest in
energy even though the silicon of 1e is substituted with
three chloro-groups, reflecting that the electron with-
drawing effect of the trichlorosilyl-group through the
methylene s-bond on the activation of the C�Cl bond
is negligible. In this calculation, the energy sum (DE) of
the reactant 1 and AlCl3, and the ionic pair intermedi-
ate decreases in the following order: 1a\1b\1c\
1d\1e. The data of these simple calculations coincides
with experimental values in the trend of alkylation
reactivity of 1a–e to benzene.

In conclusion, the Friedel–Crafts alkylation of (v-
chloroalkyl)silanes to benzene in the presence of alu-
minum chloride catalyst was generally affected on both
factors of the electronic nature of the substituents at the
silicon atom and the alkylene-chain length between the
C�Cl and the silicon of (v-chloroalkyl)silanes. Firstly,
in the electronic nature of substituents at the silicon
atom of (v-chloroalkyl)silanes, as the number of elec-
tron-donating methyl substituent(s) at the silicon of
(chloromethyl)silans increases, the reativity for the ally-
lation increases as follows: 1aB1bB1cB1d. The de-
composition of alkylation products obtained in the
reaction with 1c and 1d occurred in the presence of
HCl: in particular, the alkylation with 1d only gives the
decomposed products, toluene, xylene, and
trimethylchlorosilane, etc. as major products without
the normal alkylation product 2d. Secondly, as the
alkylene-chain spacer between the C�Cl and silicon
increases from 1a to 1e and 1f, the reactivity of the
silanes increases. It is consistent with that the genera-
tion of carbocation intermediate is affected by the
inductive effect of silyl group as the electronic nature of
the substituents at the silicon, reflecting that the reactiv-
ities on the alkylation of 1 and the decomposition of
products decrease with increasing the number of
chloro-groups at the silicon. In the alkylation to
benzene, the reactivity of (v-chloroalkyl)silanes
[Cl3−mMemSi(CH2)n�Cl: m=0–3, n=1–3] decreases
in the following order: m=3\2\1\0; n=3\2�1.
The alkylations are required for at least two chlorine
groups at the silicon of (v-chloroalkyl)chlorosilanes in
an synthetic approach to benzene derivatives bearing
Si�Cl functionality which may be useful as starting
materials in silicone industry.

3. Experimental

3.1. General comments

All reactions and manipulations were carried out
under prepurified dinitrogen using Schlenk techniques.
Glassware was flame-dried before use. Dried solvents

Table 4
The binding energy (BE) a and the reaction activation energy (Ea) b of
(v-chloroalkyl)silane with AlCl3 and the energy sum (DE) c of BE
and Ea at the HF/6-31G* level of theory d

Ea (kcalBE (kcal DE (kcal1
mol−1) mol−1) mol−1)

H3SiCH2�Cl −9.2 34.9 25.6
−5.61a 44.6 39.0

1b 29.2−7.0 36.2
−8.5 22.01c 30.5

−11.31d 30.6 19.3
18.7−7.5 26.31e

a BE is an energy difference between the sum of the reactant 1 and
AlCl3 and the 1–AlCl3 complex.

b Ea is an energy difference between the 1–AlCl3 complex and the
carbocation intermediate.

c DE is an energy sum of the sum of the reactant 1 and AlCl3 and
the carbocation intermediate.

d All calculations included the zero-point energy scaled by 0.9315.

means of ab initio MO SCF calculation using GAUS-

SIAN-94 software [27]. All possible geometries of (v-
chloroalkyl)silane, AlCl3 and their reactant interaction
complexes, and carbocation intermediates [28] were ex-
amined at the HF/3-21G level [29] and the stable
conformers were selected. The selected conformers were
reoptimized at the HF/6-31G* level [30]. The potential
energies of the reactants 1a–e, AlCl3 catalyst, the inter-
action complexes of 1a–e with AlCl3, and the forma-
tions of carbocation intermediates were calculated and
compared to the substituent contribution to C�Cl bond
activation at 1a–e in Fig. 1. The data of calculated
energies for the reactants 1a–e, catalyst AlCl3, the
complexes of 1a–e with AlCl3, and the formation of the
carbocation intermediate are summarized in Table 4.

As shown in Table 4, the energy difference (BE)
between the complex 1–AlCl3 and the sum of 1 and
AlCl3 and the energy difference (Ea) between the com-
plex 1–AlCl3 and the ionic pair intermediate decrease
as the number of methyl-group(s) at the silicon among
1a–d increases indicating that the methyl-group as elec-
tron donor facilitate the C�Cl bond activation by
AlCl3. The activation of the C�Cl bond of 1a is re-
quired for the highest energy in the AlCl3-catalyzed
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were employed in all reactions. Aluminum chloride and
benzene were purchased from Aldrich Chemical and all
(v-chloroalkyl)silanes from Gelest. Reagents were used
without purification except for benzene. Benzene was
dried by distillation from sodium benzophenone ketyl
prior to use. The reaction products were analyzed by
GLC using a packed column (10% SE-30 or SE-54 on
80–100 mesh Chromosorb W/AW, 1/8%%×1.5 m) or a
capillary column (SE-30, 30 m) with a Varian 3300 gas
chromatograph, thermal conductivity detector, and Hi-
tachi D-2500 integrator. Product yields were deter-
mined chromatographically with n-dodecane as an
internal standard, unless otherwise stated. Samples for
characterization were purified by a preparative GLC
using a Donam system series DS 6200 gas chro-
matograph with a thermal conductivity detector and a 4
m×1/8%% stainless steel column packed with 20% OV-
101 on 80–100 mesh Chromosorb P/AW. NMR spec-
tra were recorded on a Varian Unity Plus 600 (FT, 600
MHz, 1H; 150 MHz, 13C) spectrometer in CDCl3 sol-
vent. Mass spectra were obtained using a Hewlett–
Packard 6890 GC–MS. HRMS (high-resolution mass
(70 eV, EI) spectra) were performed by the Korea Basic
Science Institute, Seoul, Korea. Elemental analyses
were performed by the chemical analysis laboratory of
the Korea Institute of Science and Technology. The
structures of products 2a– f were confirmed by compari-
son with purchased samples.

3.2. Reaction of benzene with 1a

To a 25 ml stainless steel bomb was charged alu-
minum chloride (0.29 g, 2.2 mmol), 1a (2.0 g, 10.9
mmol), benzene (8.5 g, 109.0 mmol), and dodecane (0.5
ml, 0.38 g). The reactions were carried out at 80 and
200°C for 20 h, respectively. The progresses of the
reactions were monitored by GLC. Product 2a (31%)
was observed with a 45% consumption of 1a in a 20 h
reaction at 200°C, but not in a 20 h reaction at 80°C.

3.3. General procedure for the reaction of benzene with
compounds 1b–g

To a suspension of AlCl3 (0.4 g, 3.0 mmol) under
nitrogen atmosphere at 0°C was charged a mixture of 1
(15.0 mmol) and benzene (150 mmol). The reaction
mixtures were stirred at 0 or 80°C. The progresses of
the reactions were monitored by GLC. After 1 was
consumed, trichlorophosphine oxide was added. The
complex of aluminum chloride and phosphine oxide
was filtered off. The filtrate was distilled to give reac-
tion products. The reaction products are summarized in
Tables 1 and 3. Data for 2g: 1H-NMR (600 MHz): d

1.58–1.63 (m, 2H, SiCH2), 2.11–2.16 (m, 2H, CH2),
2.71 (t, J=7 Hz, 2H, benzylic-CH2), 7.38 (d, J=7 Hz,
2H), 7.42 (t, 7 Hz, 1H), 7.51 (t, 7 Hz, 2H) (phenyl-H).

13C-NMR (150 MHz): d 23.63, 23.95 (CH2), 37.65
(benzylic-CH2), 126.22, 128.41, 128.50, 140.64 (ipso-C)
(phenyl-carbons). Data for 2g%: 1H-NMR (600 MHz): d

1.53 (d, J=7 Hz, 3H, CH3), 1.88 (dd, J=7, 15 Hz)
1.96 (dd, J=7, 15 Hz) (1H, SiCH2), 3.32 (sex, J=7
Hz, 1H, benzylic-CH), 7.27–7.42 (m, 5H, phenyl-H).
13C-NMR (150 MHz): d 25.65 (SiCH2), 33.92 (CH3),
35.20 (benzylic-CH), 126.63, 126.68, 128.65, 146.43
(ipso-C) (phenyl-carbons). Anal. Calc. for C9H11Cl3Si:
C, 42.62; H, 4.37. Found for an 89:2 mixture of 2g and
2g%: C, 42.59; H, 4.38%. Data for 2h: 1H-NMR (600
MHz): d 0.76 (s, 3H, SiCH3), 1.15 (t, 2H, SiCH2), 1.86
(sex, J=8 Hz, 2H, CH2), 2.71 (t, J=8 Hz, 2H, ben-
zylic-CH2), 7.18–7.31(m, 5H, phenyl-H). 13C-NMR
(150 MHz): d 5.18 (CH3), 21.21 (SiCH2), 24.24 (CH2),
38.34 (benzylic-CH2), 126.06, 128.44, 128.50, 141.39
(ipso-C) (phenyl-carbons). Data for 2h%: 1H-NMR (600
MHz): d 0.50 (s, 3H, SiCH3), 1.47 (d, J=7 Hz, 3H,
CH3), 1.65 (m, 2H, SiCH2), 3.23 (t, J=7 Hz, 1H,
benzylic-CH), 7.27–7.39 (m, 5H, phenyl-H). 13C-NMR
(150 MHz): d 5.80 (CH3), 25.46 (SiCH2), 31.80 (CH3),
35.34 (benzylic-CH), 126.53, 126.65, 128.62, 147.10
(ipso-C) (phenyl-carbons). Anal. Calc. for C10H14Cl2Si:
C, 51.50; H, 6.05. Found for an 80:13 mixture of 2h
and 2h%: C, 51.49; H, 6.07%.

3.4. Reaction of 2 with hydrogen chloride in the
presence of aluminum chloride

Into a 100 ml flask were charged 2c (2.03 g, 11.0
mmol), aluminum chloride (0.29 g, 2.2 mmol), and
n-dodecane (0.4 g) as an internal standard. Gaseous
HCl was bubbled to the stirred reaction solution at
room temperature for 10 min. The reaction mixture was
then analyzed by GLC. Compound 2b (12%), toluene
(23%), and dimethyldichlorosilane (23%) were observed
along with 62% of unreacted 2c.

Using the same procedure described for 2c with HCl,
compound 2d reacted with bubbling gaseous HCl in the
presence of aluminum chloride for 10 min. The decom-
posed products, toluene (62%), trimethylchlorosilane
(62%), and 2c (12%) were observed along with 8% of
unreacted 2d by GLC.

3.5. Aluminum chloride-catalyzed reaction of 1d

Using the procedure described for 2c with HCl, 1d (1
g, 8.2 mmol) was stirred with and without bubbling
gaseous HCl in the presence of AlCl3 (0.2 g, 1.5 mmol)
at room temperature for 30 min. With the 36% con-
sumption of 1d in the absence of gaseous HCl,
ethyldimethylchlorosilane (34%) was observed predomi-
nantly along with a trace of trimethylchlorosilane by
GLC analysis. The reaction of 1d in the presence of
gaseous HCl gave the similarity to the results from the
reaction in the absence of HCl.
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3.6. Computational details

GAUSSIAN-94 software [27] was employed for ab
initio MO SCF calculation on a Cray T3E supercom-
puter. All possible geometries of (v-chloroalkyl)silane,
AlCl3 and their reactant complexes were examined at
the HF/3-21G level [29], and the stable conformers
were selected. The selected conformers were reopti-
mized at the HF/6-31G* level [30]. The cleavage state
of the C�Cl bond at (v-chloroalkyl)silane by AlCl3 as a
transition state was characterized on their respective
potential energy surfaces by performing frequency cal-
culations at the same level of theory. The zero-point
energies (ZPE) were scaled by 0.9135 [31].
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