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Abstract

The reactions of various alkoxytrichlorosilanes prepared in situ from tetrachlorosilane and alcohols, with Grignard reagents bearing a
bulky substituent such as the isopropyl, sec-butyl, and cyclohexyl group afforded triisopropyl-, tri(sec-butyl)-, and tricyclohexylalkoxysi-
lane in high yields. The reactions of n-butoxytrichlorosilane with these Grignard reagents produced triisopropyl-, tri(sec-butyl)-, and tri-
cyclohexyl(n-butoxy)silane in 94%, 96%, and 92% yields, respectively. Methoxymethyldichlorosilane reacted with the same Grignard
reagents to give diisopropyl-, di(sec-butyl)-, and dicyclohexylmethoxymethylsilane in 84%, 83%, and 83% yields. Treatment of methoxy-
dimethylchlorosilane with the Grignard reagents readily afforded isopropyl-, sec-butyl-, and cyclohexylmethoxydimethylsilane in excel-
lent yields. Similar treatment of methoxydimethylchlorosilane with tert-butylmagnesium chloride gave tert-butylmethoxydimethylsilane
in 62% yield.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The reactions of Grignard reagents with chlorosilanes
and alkoxysilanes offer a convenient route to the synthesis
of various industrial useful organosilicon compounds.
However, some limitations are encountered for the synthe-
sis of organosilicon compounds bearing bulky substituents
on the silicon atom. For examples, the reactions of 4 equiv.
of isopropylmagnesium chloride with tetrachlorosilane and
tetramethoxysilane in THF afford diisopropyldichlorosi-
lane and diisopropyldimethoxysilane, respectively, as the
major products. In these reactions, no triisopropylchlorosi-
lane and triisopropylmethoxysilane are produced. Indeed, it
is difficult to prepare tri(alkyl)chlorosilanes with sterically
bulky substituents on the silicon atom by the Grignard
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method. It has been reported that the tri(alkyl)chlorosilanes
with the bulky substituents at the silicon center can only be
prepared by the reaction of the Grignard reagent with tetra-
chlorosilane in the presence of a catalyst such as copper cya-
nide. The reaction of tert-butyl-Grignard reagent with
dimethyldichlorosilane affords no tert-butyldimethylchlo-
rosilane, although the reaction in the presence of a catalytic
amount of copper cyanide gives tert-butyldimethylchloro-
silane in moderate yield [1]. The use of more reactive organo-
lithium reagents than Grignard reagents, however, affords
the tri(alkyl)chlorosilanes with bulky substituents [2]. The
reactions of the organolithium reagents having the sec-
and tert-alkyl group with di(alkyl)dichlorosilanes readily
produce the respective tri(alkyl)chlorosilanes. On the other
hand, hydrochlorosilanes react with the Grignard reagents
involving a bulky substituent to give the tri-substituted
hydrosilanes [3]. For examples, the reaction of trichlorosi-
lane with 3 molar equiv. of isopropylmagnesium chloride
produces triisopropylsilane in high yield. Similarly, the
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reaction of tert-butylmagnesium chloride with dimethyl-
chlorosilane affords tert-butyldimethylsilane in high yield.

In an effort to introduce the bulky groups onto the
silicon atom of tetrachlorosilane, we have found that the
reaction of isopropylmagnesium chloride with alkoxytri-
chlorosilanes prepared by a one-pot procedure from
tetrachlorosilane and alcohols readily affords triiso-
propylalkoxysilanes. In this paper, we report the syntheses
of tri(alkyl)alkoxysilanes with bulky substituents on the sil-
icon atom, which are commercially important materials.
We also report the reactions of methoxymethyldichlorosi-
lane and methoxydimethylchlorosilane with the bulky
Grignard reagents.
2. Results and discussion

2.1. Reaction of iso-PrMgCl with alcohol and then with

tetrachlorosilane

First we investigated the reactions of alkoxytrichlorosil-
anes with isopropylmagnesium chloride to prepare tri-
isopropylalkoxysilanes. The alkoxytrichlorosilanes used in
this reaction were prepared by the reaction of tetrachlorosi-
lane with alkoxymagnesium chlorides, which were synthe-
sized in situ by the reaction of isopropylmagnesium chloride
with alcohols. The reaction was carried out according to the
following method, that is, 1 equiv. of alcohols was added to
a THF solution involving 5 equiv. of isopropylmagnesium
chloride, followed by addition of 1 equiv. of tetrachlorosi-
lane to the resulting mixture, and the mixture was heated
to reflux after addition of toluene. In these reactions, tri-
isopropylalkoxysilanes were obtained in moderate yields,
together with significant amounts of triisopropylsilane
(Scheme 1). As can be seen in Table 1, the reaction of meth-
i-PrMgCl  +  ROH ROMgCl ROSiCl3
SiCl4

i-Pr3SiOR  +  i-Pr3SiH
i-PrMgCl

Scheme 1.

Table 1
Reaction of SiCl4 with i-PrMgCl in the presence of metal alkoxide

Run SiCl4 (mmol) ROH (mmol) i-PrMgCl (mmol)

1 42 MeOH 42 208
2 42 n-BuOH 42 208
3 42 n-HexOH 42 208
4 42 i-PrOH 42 208
5 42 t-BuOH 42 208
6 42 (MeO)2Mg 42 208
7 42 MeONa 42 208
8 42 Ethyleneoxide 42 208

a Yield was determined by analytical GLC.
b Yield of isolated compounds.
oxytrichlorosilane with isopropyl-Grignard reagent gave
triisopropylmethoxysilane in 59% yield, along with a 19%
yield of triisopropylsilane (run 1).

The reactions with alkoxytrichlorosilanes having an
n-BuO and n-HexO group as the alkoxy substituent with
isopropyl-Grignard reagent gave the respective triiso-
propylalkoxysilanes in moderate yields (run 2 and 3). The
similar reactions with sec- and tert-alkoxytrichlorosilane,
however, afforded triisopropylalkoxysilanes in low yields
(run 4 and 5). Especially, the reaction with tert-butoxytri-
chlorosilane gave the product only in 7% yield (run 5). In
the absence of alcohol, however, the reaction of tetrachlo-
rosilane with isopropylmagnesium chloride in THF affor-
ded triisopropylchlorosilane only in ca. 1% yield, along
with triisopropylsilane and diisopropyldichlorosilane in
26% and 68% yields, even in the presence of a copper cya-
nide catalyst. These results clearly indicate that triisopropyl
substituted silicon compounds can readily be prepared by
introducing an alkoxy group onto the silicon atom of tetra-
chlorosilane, and the steric bulkiness of the alkoxy group
highly influences the product yields in the reaction with
the Grignard reagents.

Magnesium methoxide and sodium methoxide can also
be used as the source of the methoxy group for the prepa-
ration of methoxytrichlorosilane. Thus, the reaction of
3.4 equiv. of isopropylmagnesium chloride with 1 equiv.
of tetrachlorosilane in the presence of 0.5 equiv. of
Mg(OMe)2 in a THF–toluene solution produced triisopro-
pylmethoxysilane in 51% yield, in addition to a 28% yield
of triisopropylsilane (run 6). Similar reaction of isopro-
pyl-Grignard reagent with tetrachlorosilane in the presence
of NaOMe gave the product in 44% yield, together with a
29% yield of triisopropylsilane (run 7). The low yield of tri-
isopropylmethoxysilane in this reaction, compared with
that obtained from run 1, may be ascribed to the poor sol-
ubility of sodium methoxide in the THF–toluene solution.

It is well-known that ethylene oxide reacts with the
Grignard reagent to give the ring-opened magnesium alk-
oxide. We have found that the magnesium alkoxide formed
from the reaction of ethylene oxide with isopropylmagne-
sium chloride can also be used as the source of alkoxy com-
pound for the synthesis of triisopropylalkoxysilanes. Thus,
i-Pr3SiOR i-Pr3SiOR i-Pr3SiH

Yielda (%) Yieldb (%) Yielda (%)

i-Pr3SiOMe 59 53 19
i-Pr3SiOBu-n 51 45 17
i-Pr3SiOHex-n 41 35 18
i-Pr3SiOPr-i 39 33 18
i-Pr3SiOBu-t 7 12
i-Pr3SiOMe 51 28
i-Pr3SiOMe 44 29
i-Pr3SiOCH2CH2CHMe2 47 40 15
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the reaction of 1 equiv. of ethylene oxide with 5 equiv. of
isopropyl-Grignard reagent, and then 1 equiv. of tetrachlo-
rosilane in THF–toluene, afforded isopentoxytriisoprop-
ylsilane in 47% yield, along with a 15% yield of
triisopropylsilane (run 8).

2.2. Reaction of tetrachlorosilane with alcohol and then with

Grignard reagents

Next we carried out the reaction of tetrachlorosilane
with 1 equiv. of alcohol, followed by treatment with Grig-
nard reagents to suppress the formation of the reductive
product, Si–H compound. Thus, the reaction of tetrachlo-
rosilane with 1 equiv. of methanol in THF at room temper-
ature, and then treatment of the resulting mixture with
5 equiv. of isopropylmagnesium chloride in THF–toluene
gave triisopropylmethoxysilane and triisopropylsilane, in
53% and 4% yields, respectively (run 9), as shown in Table
2. The reaction of tetrachlorosilane with n-butyl alcohol
and then with isopropylmagnesium chloride under the
same conditions produced triisopropyl(n-butoxy)silane in
51% yield, along with a 1% yield of triisopropylsilane
(run 10). These results indicate that the formation of the
reductive product, triisopropylsilane is appreciably sup-
pressed owing to the formation of alkoxytrichlorosilane
in the initial step in the reaction.

The suppression for the formation of the hydrosilane
has also been observed in the reactions of tetrachlorosilane
with sec-butyl- and cyclohexylmagnesium chloride. The
reaction of tetrachlorosilane with 1 equiv. of n-butyl alco-
hol in THF, followed by treatment of the resulting mixture
with sec-butylmagnesium chloride in THF–toluene affor-
ded tri(sec-butyl)(n-butoxy)silane and tri(sec-butyl)silane
in 67% and 2% yields (run 11). Similar reaction of tetra-
chlorosilane with methanol, and then with cyclohexylmag-
nesium chloride gave tri(cyclohexyl)methoxysilane and
tri(cyclohexyl)silane in 51% and 1% yields, respectively
(run 12). The fact that the initial formation of alkoxytri-
chlorosilanes in the Grignard coupling leads to the sup-
pression of the production of trialkylsilane indicates that
trichlorohydrosilane is formed by the reaction of the Grig-
nard reagents with tetrachlorosilane, but not with alkoxy-
trichlorosilanes. Once the alkoxytrichlorosilanes were
formed in the reactions, coordination of the alkoxy group
in the alkoxytrichlorosilanes to the magnesium atom in
Grignard reagents would take place. Consequently, the for-
Table 2
Reaction of SiCl4 with alcohol and then with Grignard reagents

Run SiCl4 (mmol) R 0OH (mmol) RMgCl (mmol) R3S

9 42 MeOH 42 i-PrMgCl 208 i-P
10 42 n-BuOH 42 i-PrMgCl 208 i-P
11 93 n-BuOH 93 s-BuMgCl 465 s-B
12 94 MeOH 94 c-HexMgCl 470 c-H

a Yield was determined by analytical GLC.
b Yield of isolated compounds.
mation of the reductive product, alkoxydichlorosilane,
would be suppressed.
2.3. Reaction of alkoxychlorosilanes with Grignard reagents

Since the reaction of tetrachlorosilane with isopropyl-
magnesium chloride produces no triisopropylchlorosilane,
triisopropylalkoxysilanes formed in the above reactions
should be produced by the reaction of alkoxytrichlorosil-
anes with isopropylmagnesium chloride. Therefore, we car-
ried out the GC–mass spectrometric analysis of the mixture
obtained by the reaction of tetrachlorosilane with n-butyl
alcohol in the absence of isopropyl-Grignard reagent. The
results indicated that n-butoxytrichlorosilane was produced
in 59% yield, along with di(n-butoxy)dichlorosilane (18%),
tri(n-butoxy)chlorosilane (8%), tetra(n-butoxy)silane (4%),
and 11% of the unreacted starting tetrachlorosilane. For
the purpose of the preparation of triisopropylalkoxysilanes
in much higher yields, it is essential to prepare the alkoxy-
trichlorosilanes in high yields. In fact, the reaction of pure
n-butoxytrichlorosilane with the bulky Grignard reagents
afforded the corresponding n-butoxytri(alkyl)silanes in
excellent yields. Thus, the reaction of n-butoxytrichlorosi-
lane with 4 equiv. of isopropylmagnesium chloride in a
THF–toluene solution at 90 �C gave n-butoxytriisoprop-
ylsilane in 94% yield (run 13), as shown in Table 3. Treat-
ment of n-butoxytrichlorosilane with sec-butyl- and
cyclohexyl-Grignard reagent under the same conditions
afforded n-butoxytri(sec-butyl)silane and n-butoxytri
(cyclohexyl)silane in 96% and 92% yields, respectively
(run 14 and 15). These results clearly indicate that the reac-
tivity of a Cl–Si bond toward the Grignard reagents can be
greatly enhanced by introducing the alkoxy group onto the
silicon atom. In these reactions, coordination of the alkoxy
group on the silicon atom to the Grignard reagent presum-
ably plays an important role for the formation of trialkyl-
substituted alkoxysilanes.

The Grignard reagents involving a sec-alkyl group
readily react with alkoxytrichlorosilanes to give tri(sec-
alkyl)alkoxysilanes, however, similar reaction of tert-butyl-
magnesium chloride with n-butoxytrichlorosilane produced
no tri- and di(tert-butyl)-substituted silicon compounds
(run 16), although the reaction of alkoxydimethylchlorosi-
lane with tert-butyl-Grignard reagent gave alkoxy(tert-
butyl)dimethylsilane in high yield.
iOR0 R3SiH

Yielda (%) Yieldb (%) Yielda (%)

r3SiOMe 53 i-Pr3SiH 4
r3SiOBu-n 51 i-Pr3SiH 1
u3SiOBu-n 67 60 s-Bu3SiH 2
ex3SiOMe 51 40 c-Hex3SiH 1



Table 3
Reaction of alkoxychlorosilanes with Grignard reagents

Run ClxSi(OR 0)4�x (mol) RMgCl (mol) RxSi(OR 0)4�x Yielda (%) Yieldb (%)

13 Cl3SiOBu-n 0.029 i-PrMgCl 0.12 i-Pr3SiOBu-n 94 90
14 Cl3SiOBu-n 0.34 s-BuMgCl 1.75 s-Bu3SiOBu-n 96 84
15 Cl3SiOBu-n 0.029 c-HexMgCl 0.12 c-Hex3SiOBu-n 92 85
16 Cl3SiOBu-n 0.17 t-BuMgCl 0.85 t-BuCl2SiOBu-n 22
17 Cl2Si(OBu-n)2 0.11 i-PrMgCl 0.42 i-Pr2Si(OBu-n)2 94 86
18 ClSi(OBu-n)3 0.11 i-PrMgCl 0.42 i-PrSi(OBu-n)3 93 85
19 Si(OBu-n)4 0.082 i-PrMgCl 0.33 i-PrSi(OBu-n)3 95 85
20 Si(OMe)4 0.20 i-PrMgCl 0.44 i-Pr2Si(OMe)2 93 91

a Yield was determined by analytical GLC.
b Yield of isolated compounds.
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We also investigated the reaction of di(n-butoxy)dichlo-
rosilane and tri(n-butoxy)chlorosilane with isopropylmag-
nesium chloride, to learn whether or not the n-butoxy
group can be replaced by the isopropyl group. Thus, the
reaction of di(n-butoxy)dichlorosilane with 4 equiv. of iso-
propylmagnesium chloride at 90 �C in a mixed solvent of
THF and toluene in a ratio of 1:1.5 gave di(n-butoxy)diiso-
propylsilane in 94% yield (run 17). Similar reaction of tri(n-
butoxy)chlorosilane with 4 equiv. of isopropyl-Grignard
reagent afforded tri(n-butoxy)isopropylsilane in 93% yield
(run 18). The results show that in both cases, only the chlo-
rine atom can be replaced by the isopropyl group, but the
n-butoxy group on the silicon atom is stable toward the
Grignard reagent [4]. Again, the results indicate that intro-
duction of the alkoxy group onto the silicon atom can
greatly enhance the reactivity of the chlorine atoms on this
silicon toward the Grignard reagent with a bulky substitu-
ent. In the reaction of tetra(n-butoxy)silane with isopropyl-
magnesium chloride, however, one of the n-butoxy groups
can be replaced by an isopropyl group. Thus, the reaction
of tetra(n-butoxy)silane with 4 equiv. of isopropylmagne-
sium chloride at 90 �C in a THF–toluene solution afforded
tri(n-butoxy)isopropylsilane in 95% yield (run 19). Even in
the prolonged reaction, no di- or triisopropylsilicon deriv-
ative was produced at all. However, the reaction of tetra-
methoxysilane with isopropyl-Grignard reagent under the
same conditions produced diisopropyldimethoxysilane in
93% yield (run 20). In this reaction, no triisopropylmethoxy-
silane was detected by GC–mass spectrometric analysis of
the reaction mixture.
Table 4
Reaction of i-PrMgCl with SiCl4 dissolved in hydrocarbon, followed by treatm

Run SiCl4 (mol) i-PrMgCl (mol) Diluent of SiCl4 Solvent of i-PrMg

21 0.12 0.58 THF THF
22 0.40 1.90 THF THF
23 0.12 0.58 Toluene THF
24 0.12 0.70 Toluene THF
25 0.07 0.42 Toluene Toluene–THF
26 0.07 0.42 Isooctane Isooctane–THF

a Yield was determined by analytical GLC.
b Yield of isolated compounds.
2.4. Reaction of tetrachlorosilane with isopropylmagnesium

chloride and then with methanol

When 4.8 equiv. of a THF solution of isopropylmagne-
sium chloride was added to 1 equiv. of tetrachlorosilane in
THF, followed by addition of 1 equiv. of methanol to the
resulting mixture, triisopropylmethoxysilane and triiso-
propylsilane were obtained in 59% and 26% yields, respec-
tively (run 21), as shown in Table 4. Inverse addition of
tetrachlorosilane in THF to isopropylmagnesium chloride
(4.8 equiv.) in THF, and then addition of methanol
(1 equiv.) gave the similar results. Two products, triisopro-
pylmethoxysilane and triisopropylsilane were obtained in
61% and 27% yields (run 22). In both cases, significant
amount of triisopropylsilane was obtained. When a toluene
solution of tetrachlorosilane was added to isopropylmag-
nesium chloride (4.8 equiv.) in THF, followed by addition
of methanol (1 equiv.), again triisopropylsilane was ob-
tained in 28% yield, along with a 57% yield of triisopropyl-
methoxysilane (run 23). We followed the progress of
reaction by GLC, and found that the formation of triiso-
propylsilane was observed only in the early stage of the
reaction. Presumably, trichlorosilane is formed by the reac-
tion of tetrachlorosilane with isopropylmagnesium chlo-
ride, and trichlorosilane thus formed reacts with
isopropylmagnesium chloride to give triisopropylsilane
(Scheme 2) [5].

Interestingly, when isopropylmagnesium chloride in
THF was added to a toluene solution of tetrachlorosilane,
the yield of triisopropylsilane decreased significantly. Thus,
ent with MeOH

Cl MeOH (mol) Addition i-Pr3SiOMe i-Pr3SiH

Yielda (%) Yieldb (%) Yielda (%)

0.12 i-PrMgCl 59 55 26
0.40 SiCl4 61 27
0.12 SiCl4 57 53 28
0.12 i-PrMgCl 78 75 7
0.07 SiCl4 80 76 7
0.07 SiCl4 78 74 6



Cl3Si Cl

H MgCl

CHH2C

CH3

H2C CHCH3

SiCl4 + i-PrMgCl

Cl3SiH  +

Cl3SiH  +  3 i-PrMgCl i-Pr3SiH  +  3MgCl2

Scheme 2.
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treatment of isopropylmagnesium chloride (5.8 equiv.) in
THF with a toluene solution of tetrachlorosilane, followed
by addition of methanol (1 equiv.), produced triisopropyl-
silane in only 7% yield. In this reaction, the desired triiso-
propylmethoxysilane was increased up to 78% yield (run
24). When a toluene solution of tetrachlorosilane was
added to isopropyl-Grignard reagent (5.8 equiv.) in a
mixed solvent of toluene–THF, followed by treatment with
methanol (1 equiv.) gave triisopropylmethoxysilane and
triisopropylsilane in 80% and 7% yields, respectively (run
25). Similarly, the reaction of isopropyl-Grignard reagent
in an isooctane–THF solution with tetrachlorosilane in iso-
octane, and then addition of methanol afforded triisopro-
pylmethoxysilane in 78% yield, in addition to a 6% yield
of triisopropylsilane (run 26). These results clearly indicate
that the use of hydrocarbon rich media in the reaction of
isopropylmagnesium chloride with tetrachlorosilane can
suppress the production of triisopropylsilane.

2.5. Reaction of methoxymethyldichloro- and methoxydi-

methylchlorosilane with Grignard reagents having a bulky

substituent

The reactions of methyltrichlorosilane with Grignard
reagents having a bulky alkyl group afford dialkylmethyl-
Table 5
Reaction of MeSiCl3 and Me2SiCl2 with Grignard reagents in the presence or

Run Chlorosilane (mol) Grignard reagents
(mol)

MeOH (mol) Meth

27 MeSiCl3 0.12 i-PrMgCl 0.48 None i-Pr2
28 MeSiCl3 1.0 i-PrMgCl 4.0 1.0 i-Pr2
29 MeSiCl3 0.12 s-BuMgCl 0.48 None s-Bu2
30 MeSiCl3 1.0 s-BuMgCl 4.0 1.0 s-Bu2
31 MeSiCl3 0.12 c-HexMgCl 0.48 None c-He
32 MeSiCl3 0.25 c-HexMgCl 1.0 0.25 c-He
33 Me2SiCl2 0.048 i-PrMgCl 0.072 None i-PrM
34 Me2SiCl2 0.24 i-PrMgCl 0.6 0.24 i-PrM
35 Me2SiCl2 0.043 s-BuMgCl 0.12 None s-Bu
36 Me2SiCl2 0.45 s-BuMgCl 1.35 0.45 s-Bu
37 Me2SiCl2 0.041 c-HexMgCl 0.12 None c-He
38 Me2SiCl2 0.24 c-HexMgCl 0.71 0.24 c-He
39 Me2SiCl2 0.072 t-BuMgCl 0.18 None t-BuM
40 Me2SiCl2 0.072 t-BuMgCl 0.18 0.072 t-BuM

a Yield was determined by analytical GLC.
b Yield of isolated compounds.
chlorosilanes in moderate yields. For examples, treatment
of methyltrichlorosilane with isopropylmagnesium chlo-
ride in a mixed solvent of THF–toluene produced diiso-
propylmethylchlorosilane in 73% yield (run 27), as
shown in Table 5. Similar treatment of methyltrichlorosi-
lane with sec-butyl- and cyclohexylmagnesium chloride,
however, gave di(sec-butyl)- and di(cyclohexyl)methyl-
chlorosilane only in 17% and 25% yields, in addition to
small amounts of the respective dialkylmethylsilanes
(run 29 and 31).

We have found that the present method involving trans-
formation of tetrachlorosilane to alkoxytrichlorosilane,
followed by treatment with Grignard reagents can also be
used for the synthesis of dialkylmethyl- and
alkyldimethylalkoxysilanes in excellent yields. Thus, the
reaction of 4 equiv. of isopropylmagnesium chloride with
1 equiv. of methanol, followed by treatment of the resulting
mixture with methyltrichlorosilane afforded diisopropyl-
methylmethoxysilane in 84% yield (run 28). Treatment of
sec-butylmagnesium chloride with methanol and then with
methyltrichlorosilane produced di(sec-butyl)methylmeth-
oxysilane in 83% yield. Similarly, the reaction of
cyclohexyl-Grignard reagent with methanol and methyltri-
chlorosilane gave dicyclohexylmethylmethoxysilane in 83%
yield (run 30 and 32). These results clearly indicate that
introduction of the methoxy group onto the silicon atom
in methyltrichlorosilane can greatly enhance the reactivity
of the remaining Cl–Si bond for Grignard coupling.

Similar improvements of the reactivity of the Cl–Si bond
in the chlorosilanes for Grignard coupling have been ob-
served in the reaction of dimethyldichlorosilane with Grig-
nard reagents. Thus, introduction of the methoxy group
onto the silicon atom in dimethyldichlorosilane always af-
fords the products in Grignard coupling in excellent yields
(run 33–38). In particular, the reaction of tert-butylmagne-
sium chloride with dimethyldichlorosilane gave no
coupling product, tert-butyldimethylchlorosilane, while
introduction of the methoxy group onto the silicon atom
absence of MeOH

oxy- or Chlorosilane Hydrosilane

Yielda (%) Yieldb (%) Yielda (%)

MeSiCl 73 i-Pr2MeSiH 0
MeSiOMe 84 64 i-Pr2MeSiH 0
MeSiCl 17 s-Bu2MeSiH 29
MeSiOMe 83 70 s-Bu2MeSiH 1
x2MeSiCl 25 c-Hex2MeSiH 4
x2MeSiOMe 83 74 c-Hex2MeSiH 1
e2SiCl 80 i-PrMe2SiH 0
e2SiOMe 90 77 i-PrMe2SiH 0

Me2SiCl 79 s-BuMe2SiH 0
Me2SiOMe 90 71 s-BuMe2SiH 0
xMe2SiCl 74 c-HexMe2SiH 3
xMe2SiOMe 90 72 c-HexMe2SiH 0
e2SiCl 0 t-BuMe2SiH 0
e2SiOMe 62 54 t-BuMe2SiH 0
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in dimethyldichlorosilane afforded tert-butyldimethylmeth-
oxysilane in 62% yield (run 40).

In conclusion, the reaction of alkoxymagnesium chlo-
rides with tetrachlorosilane, followed by treatment of the
resulting mixture with isopropylmagnesium chloride gave
triisopropylalkoxysilanes in good yields. Treatment of tet-
rachlorosilane with isopropylmagnesium chloride in THF-
hydrocarbon, followed by addition of methanol afforded
triisopropylmethoxysilane in high yield. The reactions of
n-butoxytrichlorosilane with isopropyl-, sec-butyl-, and
cyclohexylmagnesium chloride produced the respective
trialkyl(n-butoxy)silanes in excellent yields. Similar reac-
tions of methoxymethyldichlorosilane and methoxy-
dimethylchlorosilane with isopropyl-, sec-butyl- and
cyclohexyl-Grignard reagent produced the corresponding
dialkylmethylmethoxysilanes and alkyldimethylmethoxy-
silanes in high yields. Treatment of methoxydimethyl-
chlorosilane with tert-butylmagnesium chloride afforded
tert-butyldi-methylmethoxysilane in good yield.

3. Experimental

3.1. General procedure

All reactions were carried out under an atmosphere of
dry nitrogen. NMR spectra were recorded on a JEOL
JNM-LA 300 spectrometer. Infrared spectra were recorded
on a Shimadzu FTIR-8300 spectrophotometer. Mass spec-
tra were measured on a JEOL JMS-Automass SUN 200
instrument. Yields of the products were determined by ana-
lytical GLC with the use of hydrocarbon such as tridecane
and octadecane as an internal standard. Tetrahydrofuran
and toluene used as a solvent were dried over sodium under
a nitrogen atmosphere and distilled just before use.

3.1.1. One-pot synthesis of i-Pr3SiOMe from SiCl4 (run 1)

In a 300-ml flask was placed 100 ml (0.21 mol) of a
2.08 M-i-PrMgCl–THF solution. To this was added
1.33 g (0.042 mol) of methanol over a period of 30 min.
The mixture was stirred at room temperature for 1 h, and
to this was added 7.1 g (0.042 mol) of SiCl4 over a period
of 1 h at 30–40 �C, and then 25 ml of dry toluene. After
evaporation of ca. 45 ml of the solvents at 70–95 �C over
a period of 3 h, the residue was hydrolyzed with saturated
aqueous solution of ammonium chloride. The organic layer
was separated and washed with water, and analyzed by
GLC, as being i-Pr3SiOMe (59% yield) and i-Pr3SiH
(19% yield). The mixture was fractionally distilled to give
4.2 g (53% yield) of i-Pr3SiOMe.

3.1.2. One-pot synthesis of i-Pr3SiOBu-n from SiCl4 (run 2)

To a solution prepared from 100 ml (0.21 mol) of a
2.08 M-i-PrMgCl–THF solution and 3.1 g (0.042 mol) of
n-BuOH was added 7.1 g (0.042 mol) of SiCl4 over a period
of 1 h at 30–40 �C, and then 25 ml of dry toluene. The mix-
ture was concentrated and hydrolyzed in the usual way,
and then analyzed by GLC, as being i-Pr3SiOBu-n (51%
yield) and i-Pr3SiH (17% yield). The mixture was fraction-
ally distilled to give 4.3 g (45% yield) of i-Pr3SiOBu-n. All
spectral data obtained for i-Pr3SiOBu-n are identical with
those of the authentic sample reported previously [6,7].

3.1.3. One-pot synthesis of i-Pr3SiOHex-n from SiCl4 (run 3)
To a solution prepared from 100 ml (0.21 mol) of a

2.08 M-i-PrMgCl–THF solution and 4.3 g (0.042 mol) of
n-HexOH was added 7.1 g (0.042 mol) of SiCl4 over a per-
iod of 1 h at 30–40 �C, and then 25 ml of dry toluene. The
mixture was concentrated and hydrolyzed in the usual
way, and then analyzed by GLC, as being i-Pr3SiOHex-n
(41% yield) and i-Pr3SiH (18% yield). The mixture
was fractionally distilled to give 3.8 g (35% yield) of
i-Pr3SiOHex-n. All spectral data obtained for i-Pr3SiO-
Hex-n are identical with those of the authentic sample
reported previously [8].

3.1.4. One-pot synthesis of i-Pr3SiOPr-i from SiCl4 (run 4)

To a solution prepared from 100 ml (0.21 mol) of a
2.08 M-i-PrMgCl–THF solution and 2.5 g (0.042 mol) of
i-PrOH was added 7.1 g (0.042 mol) of SiCl4 over a per-
iod of 1 h at 30–40 �C, and then 25 ml of dry toluene.
The mixture was concentrated and hydrolyzed in the
usual way, and then analyzed by GLC, as being
i-Pr3SiOPr-i (39% yield) and i-Pr3SiH (18% yield). The
mixture was fractionally distilled to give 3.0 g (33% yield)
of i-Pr3SiOPr-i. All spectral data obtained for
i-Pr3SiOPr-i are identical with those of the authentic
sample reported previously [9].

3.1.5. One-pot synthesis of i-Pr3SiOBu-t from SiCl4 (run 5)

To a solution prepared from 100 ml (0.21 mol) of a
2.08 M-i-PrMgCl–THF solution and 3.1 g (0.042 mol) of
t-BuOH was added 7.1 g (0.042 mol) of SiCl4 over a period
of 1 h at 30–40 �C, and then 25 ml of dry toluene. The mix-
ture was concentrated and hydrolyzed in the usual way,
and then analyzed by GLC, as being i-Pr3SiOBu-t (7%
yield) and i-Pr3SiH (12% yield).

3.1.6. One-pot synthesis of i-Pr3SiOMe from SiCl4 (run 6)

To a solution prepared from 100 ml (0.21 mol) of a
2.08 M-i-PrMgCl–THF solution and 1.8 g (0.021 mol) of
Mg (OMe)2 was added 7.1 g (0.042 mol) of SiCl4 over a
period of 1 h at 30–40 �C, and then 25 ml of dry toluene.
The mixture was concentrated and hydrolyzed in the usual
way, and then analyzed by GLC, as being i-Pr3SiOMe
(51% yield) and i-Pr3SiH (28% yield).

3.1.7. One-pot synthesis of i-Pr3SiOMe from SiCl4 (run 7)

To a mixture prepared from 100 ml (0.21 mol) of a
2.08 M-i-PrMgCl–THF solution and 2.3 g (0.042 mol) of
NaOMe was added 7.1 g (0.042 mol) of SiCl4 over a period
of 1 h at 30–40 �C, and then 25 ml of dry toluene. The mix-
ture was concentrated and hydrolyzed in the usual way,
and then analyzed by GLC, as being i-Pr3SiOMe (44%
yield) and i-Pr3SiH (29% yield).
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3.1.8. One-pot synthesis of i-Pr3SiOCH2CH2CHMe2 from

SiCl4 (run 8)

To a solution prepared from 100 ml (0.21 mol) of a
2.08M-i-PrMgCl–THF solution and 2.1 g (0.042 mol) of
ethylene oxide was added 7.1 g (0.042 mol) of SiCl4 over a
period of 30 min at 30–40 �C, and then 25 ml of dry toluene.
The mixture was concentrated and hydrolyzed in the usual
way, and then analyzed by GLC, as being
i-Pr3SiOCH2CH2CHMe2 (47% yield) and i-Pr3SiH (15%
yield). The mixture was fractionally distilled to give 4.1 g
(40% yield) of i-Pr3SiOCH2CH2CHMe2: b.p. 105 �C/9 Torr;
MS m/z 245 (M + 1)+; 1H NMR d (CDCl3) 0.88 (d, 6H,
H3CCCCO, J = 6.8 Hz), 1.00–1.10 (m, 3H, HC–Si), 1.04
(d, 18H, H3CCSi, J = 6.8 Hz), 1.42 (dt, 2H, –H2C–CO,
J = 6.8 Hz, 6.8 Hz), 1.64–1.77 (m, 1H, –HC–CCO), 3.68
(t, 2H, –H2CO, J = 6.8 Hz); 13C NMR d (CDCl3), 12.2
(HC–Si), 18.1 (MeCSi), 22.8 (MeCCCO), 24.8 (–CH–
CCO), 42.3 (–CH2–CO), 61.8 (–CH2–O); 29Si NMR d
(CDCl3), 11.3. Anal. Calc. for C14H32OSi: C, 68.78; H,
13.19. Found: C, 68.68; H, 13.10%.
3.1.9. One-pot synthesis of i-Pr3SiOMe from SiCl4 (run 9)
To 7.1 g (0.042 mol) of SiCl4 in 50 ml of THF was

added 1.33 g (0.042 mol) of methanol over a 30-min pe-
riod, and stirred at the room temperature for 30 min. To
this mixture was added 100 ml (0.21 mol) of a 2.08 M-
i-PrMgCl–THF solution over a period of 30 min at 30–
65 �C, and then 25 ml of dry toluene. The mixture was
concentrated and hydrolyzed in the usual way, and then
analyzed by GLC, as being i-Pr3SiOMe (53% yield) and
i-Pr3SiH (4% yield).
3.1.10. One-pot synthesis of i-Pr3SiOBu-n from SiCl4 (run

10)

To a solution prepared from 7.1 g (0.042 mol) of SiCl4 in
50 ml of THF and 3.1 g (0.042 mol) of n-BuOH was added
100 ml (0.21 mol) of a 2.08 M-i-PrMgCl–THF solution
over a period of 30 min at 30–65 �C, and then 25 ml of
dry toluene. The mixture was concentrated and hydrolyzed
in the usual way, and then analyzed by GLC, as being
i-Pr3SiOBu-n (51% yield) and i-Pr3SiH (1% yield).
3.1.11. One-pot synthesis of s-Bu3SiOBu-n from SiCl4 (run

11)

To a solution prepared from 15.7 g (0.093 mol) of SiCl4
in 50 ml of THF and 6.86 g (0.093 mol) of n-BuOH was
added 250 ml (0.47 mol) of s-BuMgCl in a mixed solvent
of THF–toluene (1:1.5) at �10–0 �C over a period of
2.5 h. The mixture was heated to reflux for 8 h and hydro-
lyzed in the usual way, and then analyzed by GLC, as being
s-Bu3SiOBu-n (67% yield) and s-Bu3SiH (2% yield). The
mixture was fractionally distilled to give 15.1 g (60% yield)
of s-Bu3SiOBu-n. All spectral data obtained for s-Bu3SiO-
Bu-n are identical with the authentic sample prepared
below.
3.1.12. One-pot synthesis of c-Hex3SiOMe from SiCl4 (run

12)

A mixture consisting of 15.9 g (0.094 mol) of SiCl4 in
50 ml of THF, 3.00 g (0.094 mol) of methanol, and
250 ml (0.47 mol) of a c-HexMgCl–THF solution was
heated to reflux for 5 h and then hydrolyzed in the usual
way. The mixture was analyzed by GLC, as being c-Hex3-
SiOMe (51% yield) and c-Hex3SiH (1% yield). After evap-
oration of the solvents, white crystals were obtained.
Recrystallization from hexane gave 11.6 g (40% yield) of
c-Hex3SiOMe: m.p. 31.5–32.0 �C. All spectral data ob-
tained for c-Hex3SiOMe are identical with those of the
authentic sample reported previously [10].
3.1.13. Synthesis of n-BuOSiCl3
To 101.9 g (0.60 mol) of SiCl4 was added 44.5 g

(0.60 mol) of n-BuOH at room temperature. The mixture
was heated to reflux for 1 h and distilled under reduced
pressure to give 50 g (40% yield) of n-BuOSiCl3: b.p. 66–
74 �C/62 Torr. All spectral data obtained for n-BuOSiCl3
are identical with those of an authentic sample [11].
3.1.14. Reaction of n-BuOSiCl3 with i-PrMgCl (run 13)

To 50 g of a mixed solvent (THF/toluene = 1/1.5) con-
taining 0.12 mol of i-PrMgCl was added 6.2 g (0.029 mol)
of n-BuOSiCl3 at 90–100 �C for 10 min. The mixture was
heated at 90 �C for 5 h, and then hydrolyzed as the usual
manner. The organic layer was analyzed by GLC, as being
i-Pr3SiOBu-n (94% yield). The organic layer was distilled
under reduced pressure to give 6.1 g (90% yield) of i-
Pr3SiOBu-n: b.p. 100–102 �C/12 Torr.
3.1.15. Reaction of n-BuOSiCl3 with s-BuMgCl (run 14)

To 875 g of a mixed solvent (THF/toluene = 1/1) con-
taining 1.75 mol of s-BuMgCl was added 72.7 g
(0.34 mol) of n-BuOSiCl3 at 60–90 �C for 5 min. The
mixture was heated at 90–100 �C for 27 h, and then hydro-
lyzed as the usual manner. The organic layer was analyzed
by GLC, as being s-Bu3SiOBu-n (96% yield), and then dis-
tilled under reduced pressure to give 78.7 g (84% yield) of s-
Bu3SiOBu-n: b.p. 120–122 �C/7 Torr; MS m/z 273
(M + 1)+; 1H NMR d (CDCl3) 0.81–0.94 (m, 3H, HC–
Si), 0.89–1.03 (m, 21H, CH3CH2C(CH3)– and
CH3CH2CH2CO), 1.11–1.24 (m, 3H, CH3CH2C(CH3)–
and CH3CH2CH2CO), 1.27–1.40 (m, 2H, CH3CH2-
C(CH3)– and CH3CH2CH2CO), 1.42–1.56 (m, 2H,
CH3CH2C(CH3)– and CH3CH2CH2CO), 1.61–1.74 (m,
3H, CH3CH2C(CH3)– and CH3CH2CH2CO), 3.64 (t, 2H,
–H2C–O, J = 6.5 Hz); 13C NMR d (CDCl3) 13.60, 13.63,
13.65, 13.69, 13.72, 13.73 (CH3–C–C(CH3)–), 13.9
(CH3–C–C–C–), 19.0 (–CH2– in a n-BuO group), 19.7,
19.76, 19.80 (CH–Si), 24.5, 24.56, 24.58 (C–CH2–C(C)–),
35.1 (–CH2– in a n-BuO group), 63.1 (CH2O); 29Si NMR
d (CDCl3) 10.5. Anal. Calc. for C16H36OSi: C, 70.51; H,
13.31. Found: C, 70.47; H, 5.89%.
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3.1.16. Reaction of n-BuOSiCl3 with c-HexMgCl (run 15)

To 50 ml of a mixed solvent (THF/toluene = 1/1.5) con-
taining 0.12 mol of c-HexMgCl was added 6.2 g
(0.029 mol) of n-BuOSiCl3 at 5–25 �C for 10 min. The mix-
ture was heated at 90–100 �C for 17 h, and then hydrolyzed
as the usual manner. GLC analysis of the organic layer
showed the presence of c-Hex3SiOBu-n in 92% yield. The
solvent was evaporated and the crystalline residue was
recrystallized with hexane to give 8.8 g (85% yield) of c-
Hex3SiOBu-n: m.p. 131.0–131.5 �C. All spectral data
obtained for c-Hex3SiOBu-n were identical with those
reported in the literature [12].

3.1.17. Reaction of n-BuOSiCl3 with t-BuMgCl (run 16)
In a 1-l four-necked flask was placed 700 g of a mixed

solvent (THF/toluene = 1/1) containing 0.85 mol of t-
BuMgCl. To this was added 35.1 g (0.17 mol) of n-BuO-
SiCl3 at 25 �C for 2 h. The mixture was heated at
90–100 �C for 12 h. To the mixture was added 200 ml of
tetraethylene glycol dimethyl ether, and then distilled under
reduced pressure to give 8.7 g (22% yield) of t-BuCl2SiO-
Bu-n: b.p. 95–96 �C/69 Torr; MS m/z 233, 231, 229
(M + 1)+; 1H NMR d (CDCl3) 0.93 (t, 3H, H3C–CC,
J = 7.4 Hz), 1.08 (s, 9H, H3C–CSi), 1.35–1.45 (m, 2H,
–H2C–), 1.55–1.64 (m, 2H, –H2C–), 3.88 (t, 2H, –H2C–O,
J = 6.4 Hz); 13C NMR d (CDCl3) 13.7 (CH3), 18.8
(–CH2–), 22.8 (C–Si), 24.8 (CH3), 33.7 (–CH2–), 64.4
(CH2O); 29Si NMR d (CDCl3) �8.7. Anal. Calc. for
C8H18Cl2OSi: C, 41.92; H, 7.92. Found: C, 42.03; H,
7.97%.

3.1.18. Synthesis of (n-BuO)2SiCl2, (n-BuO)3SiCl, and

(n-BuO)4Si

To 322.8 g (1.9 mol) of SiCl4 was added 281.7 g
(3.8 mol) of n-BuOH at room temperature. The mixture
was heated to reflux for 1 h, and distilled under reduced
pressure to give 53 g (11% yield) of (n-BuO)2SiCl2: b.p.
89–91 �C/7.5 Torr, 130 g (24% yield) of (n-BuO)3SiCl:
b.p. 105–108 �C/4.5 Torr, and 26 g (4% yield) of (n-BuO)4-
Si: b.p. 121–123 �C/4.5 Torr. All spectral data obtained for
(n-BuO)2SiCl2, (n-BuO)3SiCl, and (n-BuO)4Si are identical
with those of the authentic samples [13–15].

3.1.19. Reaction of (n-BuO)2SiCl2 with i-PrMgCl (run 17)

To 200 g of a mixed solvent (THF/toluene = 1/1.5) con-
taining 0.42 mol of i-PrMgCl was added 26.0 g (0.11 mol)
of (n-BuO)2SiCl2 at 90–100 �C for 10 min. The mixture
was heated at 90 �C for 12 h, and then hydrolyzed as the
usual manner. The organic layer was analyzed by GLC,
as being i-Pr2Si(OBu-n)2 (94% yield). The organic layer
was distilled under reduced pressure to give 23.8 g (86%
yield) of i-Pr2Si(OBu-n)2: b.p. 107–108 �C/7.5 Torr; MS
m/z 261 (M + 1)+; 1H NMR d (CDCl3) 0.90 (t, 6H,
H3C–CC, J = 7.3 Hz), 0.96–1.03 (m, 2H, HC–Si), 1.01 (d,
12H, H3C–CSi, J = 6.6 Hz), 1.36 (tq, 4H, –H2C–,
J = 7.3, 7.3 Hz), 1.47–1.57 (tt, 4H, –H2C–, J = 6.5,
7.3 Hz), 3.71 (t, 4H, –H2C–O, J = 6.5 Hz); 13C NMR d
(CDCl3) 13.2 (C–Si), 13.9 (CH3–CC), 17.4 (CH3–CSi),
19.0 (–CH2–), 35.0 (–CH2–), 62.6 (CH2O); 29Si NMR d
(CDCl3) �10.0. Anal. Calc. for C14H32O2Si: C, 64.55; H,
12.38. Found: C, 64.40; H, 12.28%.

3.1.20. Reaction of (n-BuO)3SiCl with i-PrMgCl (run 18)
To 200 g of a mixed solvent (THF/toluene = 1/1.5) con-

taining 0.42 mol of i-PrMgCl was added 30.0 g (0.11 mol)
of (n-BuO)3SiCl at 90–100 �C for 10 min. The mixture
was heated at 90 �C for 12 h, and then hydrolyzed as the
usual manner. The organic layer was analyzed by GLC,
as being i-PrSi(OBu-n)3 (93% yield). The organic layer
was distilled under reduced pressure to give 26.2 g (85%
yield) of i-PrSi(OBu-n)3: b.p. 113–114 �C/6 Torr; MS m/z
291 (M + 1)+; 1H NMR d (CDCl3) 0.89 (t, 9H, H3C–CC,
J = 7.1 Hz), 0.94–1.02 (m, 1H, HC–Si), 0.99 (d, 6H,
H3C–CSi, J = 7.3 Hz), 1.34 (tq, 6H, –H2C–, J = 7.1,
7.7 Hz), 1.52 (tt, 6H, –H2C–, J = 6.5, 7.7 Hz), 3.72 (t,
6H, –H2C–O, J = 6.5 Hz); 13C NMR d (CDCl3) 11.0 (C–
Si), 13.8 (CH3–CSi), 17.4 (CH3–CC), 18.9 (–CH2–), 34.7
(–CH2–), 62.6 (CH2O). All spectral data obtained for
i-PrSi(OBu-n)3 are identical with those of an authentic
sample [16].

3.1.21. Reaction of (n-BuO)4Si with i-PrMgCl (run 19)

To 150 g of a mixed solvent (THF/toluene = 1/1.5) con-
taining 0.33 mol of i-PrMgCl was added 26.3 g (0.082 mol)
of (n-BuO)4Si at 90–100 �C for 10 min. The mixture was
heated at 90 �C for 12 h, and then hydrolyzed as the usual
manner. The organic layer was analyzed by GLC, as being
i-PrSi(OBu-n)3 (95% yield). The organic layer was distilled
under reduced pressure to give 23.0 g (85% yield) of
i-PrSi(OBu-n)3: b.p. 113–114 �C/6 Torr.

3.1.22. Reaction of i-PrMgCl with (MeO)4Si (run 20)

To 229 g (0.44 mol) of an i-PrMgCl–THF–Toluene solu-
tion (THF/Toluene = 1/1) was added 30.4 g (0.20 mol) of
(MeO)4Si over a 30 min period at 60–70 �C. The mixture
was heated to reflux for 12 h, and then hydrolyzed as the
usual manner. The organic layer was analyzed by GLC,
as being i-Pr2Si(OMe)2 (93% yield). No i-Pr3SiOMe was
detected in the reaction mixture. The organic layer was
fractionally distilled to give 32.2 g (91% yield) of
i-Pr2Si(OMe)2: b.p. 93–95 �C/80 Torr. All spectral data
obtained for i-Pr2Si(OMe)2 are identical with those of an
authentic sample [17].

3.1.23. One-pot synthesis of i-Pr3SiOMe from SiCl4 (run

21)

To 21.2 g (0.12 mol) of SiCl4 in 100 ml of THF was
added 228 g (0.58 mol) of a THF solution of i-PrMgCl over
a period of 30 min at 40–50 �C. To this was added 3.84 g
(0.12 mol) of methanol without cooling. The mixture was
heated to reflux for 4 h, and hydrolyzed in the usual way,
and then analyzed by GLC, as being i-Pr3SiOMe (59%
yield) and i-Pr3SiH (26% yield). The mixture was fraction-
ally distilled to give 12.9 g (55% yield) of i-Pr3SiOMe.
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3.1.24. One-pot synthesis of i-Pr3SiOMe from SiCl4
(run 22)

To 873 ml (1.9 mol) of an i-PrMgCl–THF solution was
added 68.0 g (0.40 mol) of SiCl4 over a period of 1.5 h at
40–50 �C, and then 12.8 g (0.40 mol) of methanol without
cooling. The mixture was heated to reflux for 4 h, and
hydrolyzed in the usual way. The mixture was fractionally
distilled with the use of a packed column to give 46.0 g
(61% yield) of i-Pr3SiOMe (b.p. 108–110 �C/45–49 Torr)
and 17.2 g (27% yield) of i-Pr3SiH (b.p. 101–106 �C/90–
115 Torr). All spectral data obtained for i-Pr3SiOMe and
i-Pr3SiH are identical with those of the authentic samples
reported previously [6,10].
3.1.25. One-pot synthesis of i-Pr3SiOMe from SiCl4
(run 23)

To 228 g (0.58 mol) of a THF solution of i-PrMgCl was
added 21.2 g (0.12 mol) of SiCl4 in 100 ml of toluene and
3.84 g (0.12 mol) of methanol. The mixture was concen-
trated and hydrolyzed as the usual manner, and then
analyzed by GLC, as being i-Pr3SiOMe (57% yield) and
i-Pr3SiH (28% yield). The mixture was fractionally distilled
to give 12.5 g (53% yield) of i-Pr3SiOMe.
3.1.26. One-pot synthesis of i-Pr3SiOMe from SiCl4
(run 24)

To 21.2 g (0.12 mol) of SiCl4 in 100 ml of toluene was
added 275 g (0.70 mol) of a THF solution of i-PrMgCl
and 3.84 g (0.12 mol) of methanol. The mixture was con-
centrated and hydrolyzed as the usual manner, and then
analyzed by GLC, as being i-Pr3SiOMe (78% yield) and
i-Pr3SiH (7% yield). The mixture was fractionally distilled
to give 17.6 g (75% yield) of i-Pr3SiOMe.
3.1.27. One-pot synthesis of i-Pr3SiOMe from SiCl4
(run 25)

To 200 ml (0.42 mol) of an i-PrMgCl–THF solution was
added 400 ml of toluene, and then 400 ml of the solvents
was distilled off from the reaction mixture. To this was
added 12.4 g (0.073 mol) of SiCl4 in 100 ml of toluene
and 2.33 g (0.073 mol) of methanol. The mixture was
heated to reflux for 8 h, and hydrolyzed as the usual
manner. GLC analysis of the mixture showed the presence
of i-Pr3SiOMe and i-Pr3SiH in 80% and 7% yields. The
mixture was fractionally distilled to give 10.4 g (76% yield)
of i-Pr3SiOMe.
3.1.28. One-pot synthesis of i-Pr3SiOMe from SiCl4
(run 26)

To 200 ml (0.42 mol) of an i-PrMgCl–THF solution was
added 400 ml of isooctane, and then 400 ml of the solvents
was distilled off from the reaction mixture. To this was
added 12.4 g (0.073 mol) of SiCl4 in 100 ml of isooctane
and 2.33 g (0.073 mol) of methanol. The mixture was
heated to reflux for 8 h and hydrolyzed as the usual man-
ner, and then analyzed by GLC, as being i-Pr3SiOMe
(78% yield) and i-Pr3SiH (6% yield). The mixture was frac-
tionally distilled to give 10.2 g (74% yield) of i-Pr3SiOMe.

3.1.29. Preparation of i-Pr3SiOBu-t

To 34.0 g (0.20 mol) of SiCl4 was added 11.9 g
(0.16 mol) of t-BuOH at room temperature. The mixture
was heated to reflux for 1 h, and then distilled under re-
duced pressure to give 26.6 g (64% yield) of t-BuOSiCl3:
65 �C/148 Torr. To 4.2 g (0.020 mol) of t-BuOSiCl3 in
50 ml of THF was added 86 ml (0.060 mol) of an i-PrLi–
pentane solution over a period of 2 h at �10–0 �C, and
the mixture was stirred at 0 �C for 1 h. The mixture was
hydrolyzed with water and analyzed by GLC, as being i-
Pr3SiOBu-t (85% yield). The mixture was fractionally dis-
tilled to give 2.7 g (59% yield) of i-Pr3SiOBu-t: b.p.
77 �C/9 Torr; MS m/z 231 (M + 1)+; 1H NMR d (CDCl3)
0.99–1.04 (m, 21H, H3C–CSi and HC–Si), 1.26 (s, 9H,
H3C–CO); 13C NMR d (CDCl3), 13.3 (CH–Si), 18.3
(CH3–CSi), 32.2 (CH3–CO), 71.3 (CO); 29Si NMR d
(CDCl3), 5.7. Anal. Calc. for C13H30OSi: C, 67.75; H,
13.12. Found: C, 67.70; H, 13.08%.

3.1.30. Reaction of i-PrMgCl with SiCl4 in the presence of a

CuCN catalyst

To a mixture of 100 g (0.25 mol) of an i-PrMgCl–THF
solution and 0.0445 g (49.7 · 10�2 mmol) of CuCN was
added 8.5 g (0.050 mol) of SiCl4. The mixture was heated
to reflux for 4 h, and analyzed by GLC, as being i-Pr2SiCl2
(68% yield), i-Pr3SiH (26% yield), and i-Pr3SiCl (less than
1% yield). All spectral data obtained for i-Pr2SiCl2 are
identical with those of the authentic sample reported previ-
ously [18].

3.1.31. One-pot synthesis of i-Pr2MeSiOMe from MeSiCl3
(run 28)

To 1.33 l (4.0 mol) of an i-PrMgCl–THF solution was
added 32.0 g (1.0 mol) of methanol, and then 149.5 g
(1.0 mol) of MeSiCl3. The mixture was heated to reflux
for 5 h, and hydrolyzed as the usual manner. The mixture
was analyzed by GLC, as being i-Pr2MeSiOMe (84%
yield). The mixture was fractionally distilled to give
96.7 g (64% yield) of i-Pr2MeSiOMe: b.p. 58 �C/38 Torr;
MS m/z 161 (M + 1)+; 1H NMR d (CDCl3) 0.02 (s, 3H,
Me–Si), 0.86–0.95 (m, 2H, HC–Si), 0.98 (d, 6H, Me–C,
J = 8.1 Hz), 1.00 (d, 6H, Me–C, J = 6.8 Hz), 3.48 (s, 3H,
Me–O); 13C NMR d (CDCl3) �6.7 (Me–Si), 13.2 (HC–
Si), 17.0 (Me–C), 17.1 (Me–C), 51.3 (Me–O); 29Si NMR
d (CDCl3) 19.5. Anal. Calc. for C8H20OSi: C, 59.93; H,
12.57. Found: C, 59.90; H, 12.57%.

3.1.32. One-pot synthesis of s-Bu2MeSiOMe from MeSiCl3
(run 30)

To 1.6 kg (4.0 mol) of a s-BuMgCl–THF–Toluene (1.6/
1) solution was added 32.0 g (1 mol) of methanol, and then
149.5 g (1.0 mol) of MeSiCl3. The mixture was heated to re-
flux for 6 h and hydrolyzed as the usual manner, and then
analyzed by GLC, as being s-Bu2MeSiOMe (83% yield)
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and s-Bu2MeSiH (1% yield). The mixture was fractionally
distilled to give 124.7 g (70% yield) of s-Bu2MeSiOMe:
b.p. 78–81 �C/16–18 Torr; MS m/z 189 (M + 1)+; 1H
NMR d (CDCl3) 0.02 (s, 3H, Me–Si), 0.67–0.80 (m, 2H,
HC–Si), 0.91–1.00 (m, 12H, H3CCC(CH3)–), 1.09–1.26
(m, 2H, CCH2C(C)–Si), 1.51–1.69 (m, 2H, CCH2C(C)–
Si), 3.45 (s, 3H, Me–O); 13C NMR d (CDCl3) �8.2,
�8.0, �7.8 (Me–Si), 13.1, 13.16, 13.23 (Me–C), 13.27,
13.34, 13.4 (Me–C), 20.4, 20.5, 20.6 (HC–Si), 24.21,
24.23, 24.3 (CH2–C(C)–Si), 51.1 (Me–O); 29Si NMR d
(CDCl3) 18.2. Anal. Calc. for C10H24OSi: C, 63.76; H,
12.84. Found: C, 63.70; H, 12.80%.

3.1.33. One-pot synthesis of c-Hex2MeSiOMe from
MeSiCl3 (run 32)

To 417 g (1.0 mol) of a c-HexMgCl–THF solution was
added 8.01 g (0.25 mol) of methanol, and then 37.4 g
(0.25 mol) of MeSiCl3. The mixture was heated to reflux
for 4 h and hydrolyzed as the usual manner, and then ana-
lyzed by GLC, as being c-Hex2MeSiOMe (83% yield) and
c-Hex2MeSiH (0.6% yield). The mixture was fractionally
distilled to give 35.6 g (74% yield) of c-Hex2MeSiOMe:
b.p. 129 �C/7 Torr; MS m/z 241 (M + 1)+; 1H NMR d
(CDCl3) �0.01 (s, 3H, Me–Si), 0.78 (broad s, 2H, HC–
Si), 1.20 (broad s, 10H, ring protons), 1.71 (broad s,
10H, ring protons), 3.46 (s, 3H, Me–O); 13C NMR d
(CDCl3) �8.4 (Me–Si), 24.9 (HC–Si), 27.0, 27.1, 27.3,
27.9, 28.0 (CH2), 51.3 (Me–O); 29Si NMR d (CDCl3)
15.2. Anal. Calc. for C14H28OSi: C, 69.93; H, 11.74.
Found: C, 69.87; H, 11.75%.

3.1.34. One-pot synthesis of i-PrMe2SiOMe from Me2SiCl2
(run 34)

To 250 ml (0.6 mol) of an i-PrMgCl–THF solution was
added 7.69 g (0.24 mol) of methanol, and then 31.0 g
(0.24 mol) of Me2SiCl2. The mixture was heated to reflux
for 4 h and hydrolyzed as the usual manner, and then ana-
lyzed by GLC, as being i-PrMe2SiOMe (90% yield). The
mixture was fractionally distilled to give 24.6 g (77% yield)
of i-PrMe2SiOMe: b.p. 104–105 �C/760 Torr; MS m/z 133
(M + 1)+; 1H NMR d (CDCl3) 0.05 (s, 6H, Me–Si), 0.80–
0.97 (m, 1H, HC–Si), 0.96 (d, 6H, Me–C, J = 6.2 Hz),
3.43 (s, 3H, Me–O); 13C NMR d (CDCl3) �5.0 (Me–Si),
14.2 (HC–Si), 16.8 (Me–C), 50.5 (Me–O). All spectral data
obtained for i-PrMe2SiOMe are identical with those re-
ported in the literature [19].

3.1.35. One-pot synthesis of s-BuMe2SiOMe from Me2SiCl2
(run 36)

To 500 g (1.35 mol) of a s-BuMgCl–THF solution was
added 14.3 g (0.45 mol) of methanol, and then 57.4 g
(0.45 mol) of Me2SiCl2. The mixture was heated to reflux
for 6 h and hydrolyzed as the usual manner, and then ana-
lyzed by GLC, as being s-BuMe2SiOMe (90% yield). The
mixture was fractionally distilled to give 46.2 g (71% yield)
of s-BuMe2SiOMe: b.p. 128 �C/760 Torr; MS m/z 147
(M + 1)+; 1H NMR d (CDCl3) 0.07 (s, 6H, Me–Si), 0.65–
0.71 (m, 1H, HC–Si), 0.94 (t, 3H, Me–CC, J = 7.2 Hz),
0.95 (d, 3H, Me–CSi, J = 7.5 Hz), 1.12–1.22 (m, 1H,
–H2C–), 1.52–1.61 (m, 1H, –H2C–), 2.92 (s, 3H, Me–O);
13C NMR d (CDCl3) �4.4 (Me–Si), 13.0 (Me–CSi), 13.3
(HC–Si), 21.8 (Me–CC), 24.1 (–CH2–), 50.4 (Me–O). All
spectral data obtained for s-BuMe2SiOMe are identical
with those reported in the literature [20,21].

3.1.36. One-pot synthesis of c-HexMe2SiOMe from

Me2SiCl2 (run 38)

To 300 ml (0.71 mol) of a c-HexMgCl–THF solution
was added 7.59 g (0.24 mol) of methanol, and then 30.6 g
(0.24 mol) of Me2SiCl2. The mixture was heated to reflux
for 5 h and hydrolyzed as the usual manner, and then ana-
lyzed by GLC, as being c-HexMe2SiOMe (90% yield). The
mixture was fractionally distilled to give 34.8 g (72% yield)
of c-HexMe2SiOMe: b.p. 92–93 �C/41 Torr; MS m/z 173
(M + 1)+; 1H NMR d (CDCl3) 0.04 (s, 6H, Me–Si), 0.67–
0.75 (m, 1H, HC–Si), 1.06–1.21 (m, 5H, –H2C–), 1.72
(brs, 5H, –H2C–), 3.43 (s, 3H, Me–O); 13C NMR d (CDCl3)
�4.7 (Me–Si), 26.4 (HC–Si), 26.8, 26.9, 27.9 (–CH2–), 50.5
(Me–O). All spectral data obtained for c-HexMe2SiOMe
are identical with those reported in the literature [4,21,22].
3.1.37. One-pot synthesis of t-BuMe2SiOMe from Me2SiCl2
(run 40)

To a solution prepared from 9.3 g (0.072 mol) of Me2-
SiCl2 and 2.31 g (0.072 mol) of methanol was added
100 ml (0.18 mol) of a t-BuMgCl–THF solution at 20–
25 �C for 30 min. The mixture was heated to reflux for
6 h and hydrolyzed as the usual manner, and then analyzed
by GLC, as being t-BuMe2SiOMe (62% yield). The mixture
was fractionally distilled to give 5.6 g (54% yield) of t-Bu-
Me2SiOMe: b.p. 117–118 �C/760 Torr. All spectral data
obtained for t-BuMe2SiOMe are identical with those re-
ported in the literature [23].
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