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The catalytic dehydrocoupling of bis(l-sila-3-butyl)benzene, 1 by CpzZrCh/Red-Al and CpzZrC^/w-BuLi combination 
catalysts yielded a mixture of oily and solid polymers. While the catalytic dehydrocoupling of 2-phenyl-lt3-disilapropane, 
그 by Cp2ZrCl2/M-BuLi combination cataly가 produced a mixture of oily and solid polymers, the catalytic redistribu- 
tion/dehydrocoupling of 2 by Cp2ZrCl2/Red-Al combination catalyst gave oily polymer. The dehydrocoupling of 1 and 
2, unless the prior silane redistribution occurs, seems to initi진ly produce a low-molecular-weight polymer, which 
나)en undergoes an extensive cross-linking reaction of backbone Si-H bonds, leading to an insoluble polymer.

Introduction

Inorganic polymers with various superior properties over 
organic polymers have been used for many special applica
tions.1 Inter alia, polysilanes with unusual optical and electro
nic properties due to electron-conjugation along the silicon 
backbone have particularly received extensive attentions as 
SiC ceramic precursors,23 luminescent materials,2b deep-UV 
photoresists严 electroconductors,2d and photoinitiators严」The 
conventional synthetic method of polysilanes is the Wurtz 
coupling reaction of organodichlorosilanes using an alkali 
metal dispersion in toluene-refluxing temperature, which is 
intolerant of some functional groups, lack of reproducibility, 
and dangerous due to the strongly reduced reaction condi
tions.3 Other synthetic methods include anionic polymeriza
tion of masked disilenes,4a ring-opening polymerization of cy
clic oligosilanes,4b electroreductive polymerization of organo
dichlorosilanes,4c sonochemical polymerization of organodich
lorosilanes,4d and electrochemical polymerization of hydrosi
lanes.46

Harrod recently discovered an alternative group 4 metallo- 
cene-catalyzed dehydropolymerization leading to great prog
ress in poly(organosilane) synthesis.5 A major handicap of 
this synthetic method is the production of low-molecular- 
weight polysilanes which affects mechanical and optical pro
perties.5,6 Intensive efforts have been made to increase the 
molecular weight of the polysilanes by studying the polyme
rization mechanism, by varying reaction conditions, and by 
adding either an additive or a cross-linking agent.6'10

Tilley et al. described the catalytic dehydropolymerization 
of bis- and tris(silyl)arenes to highly cross-linked polysilanes 
by (CpCp*ZrH2)2 and CpCp*ZrESi(SiMe3)3]Me.7 We reported 
the dehydropolymerization of aryl-substituted alkylsilanes 
catalyzed by Cp2MCl2/Red-Al (M = Ti, HQ.11 We recently re
ported the catalytic redistribution/dehydrocoupling of 2-phe- 
nyl-l,3-disilapropane by CpzMCL/Red-Al (M=Ti, Hf) and the 
catalytic dehydropolymerization of bis(silyl)alkylbenzenes by 
Cp2MCl2/Red-Al and Cp2MCl2/M-BuLi combination catalysts 
(M = Ti, Hf).12 In this paper, we wish to report the catalytic 
dehydrocoupling of bis(l-sila-3-butyl)benzenet 1 and 2-phe- 
nyl-l,3-disilapropane, 2 by C^ZrCk/Red-Al and by Cp2ZrCl2 
/n-BuLi combination catalysts to compare their catalytic effe
cts on the different type of bis(silyl)alkylbenzenes with the 

other group 4 metallocene catalysts.

Experimental Section

All reactions and manipulations were performed under 
prepurified nitrogen using Schlenk techniques. Dry, oxygen- 
free solvents were employed throughout. Glassware was 
flame-dried or oven-dried before use. Approximate distances 
between silicon atoms of silanes with two silyl groups were 
obtained by using CS Chem 3D Pro™ program (version 3.0) 
developed by the Cambridge Soft Corporation operating on 
a Power Macintosh personal computer. Elemental analyses 
were performed by the Advanced Analyst Center of the 
Korea Institute of Science and Technology, Seoul, Korea. 
Infrared spectra were obtained using a Perkin-Elmer 1600 
series FT-IR or a Nic이et 520P FT-IR spectrometer. Proton 
NMR spectra were recorded on a Varian Gemini 300 spect
rometer using CDCI3/CHCI3 as a reference at 7.24 ppm dow
nfield from TMS. Carbon-13 NMR spectra were obtained 
using a Varian Gemini 300 (operating at 75.5 MHz) spectro
meter with CDCI3 as a reference at 77.0 ppm. S이id-state 
proton NMR spectra were obtained using Bruker MSL 200 
spectrometer by the Solid-state NMR Center of the Korea 
Basic Science Institute, Seoul, Korea. The line widths at half
height (Avi/2)of the proton signals are reported in Hz. Gas 
chromatography (GC) analyses were performed using a Va
rian 3300 chromatograph equipped with a packed column 
(10% OV-101 on Chromosorb, W/AW-DMCS 1.5 mXl/8 in. 
o.d.) in conjunction with a flame ionization detector. GC/MS 
data were obtained using a Hewlett-Packard 5890II chroma
tograph (HP・5, 5% phenylmethylsiloxane, 0.25 mm i.d. X 30.0 
m, film thickness 0.25 pm) connected to a Hewlett-Packard 
5972A mass selective detector. Gel permeation chromatogra
phy (GPC) was carried out on a Waters Millipore GPC liqvdd 
chromatograph. The calibrant (monodisperse polystyrene) 
and the sample were dissolved in toluene and separately 
eluted from an Ultrastyragel GPC column series (sequence 
500, 103, 104 A columns). Molecular weights were extrapola
ted from the calibration curve derived from the polystyrene 
standard. Data analyses were carried out using a Waters 
Data Module 570. Thermogravimetric analysis (TGA) of the 
polymer sample was performed on a Perkin-Elmer 7 Series 
thermal analysis system under an argon flow. The polymer 
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sample was heated from 25 to 800 t at a rate of 20 t：/min. 
Ceramic residue yield is reported as the percentage of the 
sample remaining after completion of the heating cycle. Dif
ferential scanning calorimetry (DSC) of the polymer sample 
was performed on a Perkin-Elmer 7 Series thermal analysis 
system under an argon flow. Polymer sample was heated 
at 20 'C/min. X-ray powder diffraction measurements were 
obtained using an APD 3600 X-ray powder diffractometer. 
Cp2ZrC12, Red-Al (or Vitride; sodium bis(2-methoxyethoxy) 
aluminum hydride; 3.4 M in toluene) and K-butyllithium (2. 
67 M solution in hexane) were purchased from Aldrich Che
mical Co. and were used without further purification. The 
bis(silyl)alkylbenzenes 1 and 2 were prepared according to 
the literature procedure.12

Dehydropolymerization of 1 Catalyzed by CpzZrCh 
/n-BuLi. 1 (0.33 g, 1.48 mmol) was slowly added to a Sch
lenk flask charged with Cp2ZrCl2 (8.8 mg, 0.03 mmol) and 
n-BuLi (23 卩L of a 2.67 M solution in hexane, 0.06 mm이). 

The reaction mixture immediately turned light brown, and 
the reaction medium became rapidly gelatinous with violent 
gas evolution. After 1 day, the catalyst was inactivated by 
exposure to the air for a few hours. The yellow gelatinous 
material was washed several times with toluene and diethyl 
ether and dried at reduced pressure to give 0.165 g (50% 
yield) of off-white solid which was insoluble in most organic 
solvents. The combined washing solutions were concentrated 
on a rotary vacuum evaporator and then passed rapidly th
rough a silica gel column (70-230 mesh, 15 cmX2 cm). The 
column was rinsed with 200 mL of toluene. The colorless 
effluent was evaporated to dryness to yield 0.122 g (37% 
yield) of a very viscous clear oil which was soluble in most 
organic solvents. For the solid: Anal. Calcd for (Si2Ci2H18)„: 
C, 65.98; H, 8.31. Found: C, 64.85; H, 9.17; Solid-state 
NMR (8, 200 MHz): 0.75 (Av1/2 = 430 Hz, 10H, SiCH2 and 
CH3), 3.03 (Avi/2 느 360 Hz, 5.2H, CH and SiH), 6.60 (Av1/2 = 
245 Hz, 4H, ArH); TGA ceramic residue yield: 67% (black 
solid). For the very viscous oil: IR (neat, KBr, cm"1): 2148 
s (vSiH)；NMR (8, CDCI3, 300 MHz): 1.08-1.23 (m, 4H, 
SiCH2), 1.24-1.38 (m, 6H, CH3), 2.85-2.95 (m, 2H, CH), 3.37- 
3.48 (m, 4.2H, SiH), 6.98-7.32 (m, 4H, ArH); GPC: M = 1070, 
Mn — 850. TGA ceramic residue yield: 8% (black solid).

Dehydropolymerization of 1 Catalyzed by CpsZrCU 
/Red-Al. 1 (0.33 g, 1.48 mmol) was slowly injected to a 
Schlenk flask containing Cp2ZrCl2 (8.8 mg, 0.03 mmol) and 
Red-Al (8.8 卩L, 0.034 mmol). The reaction mixture instantly 
turned light brown, and the reaction medium became quickly 
gelatinous with rapid gas evolution. The catalyst was inacti
vated 24 h later by exposure to the air for a few hours. 
The yellow gelatinous material was washed well with toluene 
and diethyl ether and dried at reduced pressure to give 0.173 
g (52% yield) of off-white solid which was ins이uble in most 
organic solvents. The combined washing solutions were con
centrated on a rotary vacuum evaporator and then passed 
rapidly through a silica gel column (70-230 mesh, 15 cmX2 
cm) with 200 mL of toluene used as the eluent. The removal 
of volatiles yielded 0.125 g (38% yi이d) of a very viscous 
clear oil which was soluble in most organic solvents. For 
the solid: Anal. Calcd for (Si2Ci2Hi8)n: C, 65.98; H, 8.31. 
Found: C, 64.81; H, 9.19; Solid-state NMR (& 200 MHz)： 
0.75 (Avi/2 = 430 Hz, 10H, SiCH2 and CH3), 3.03 (Avi/2=360 

Hz, 5.2H, CH and SiH), 6.60 (Avi/2=245 Hz, 4H, ArH); TGA 
ceramic residue yield: 64% (black solid). For the very viscous 
oil: IR (neat, KBr, cm-1): 2148 s (vSiH)；旧 NMR (& CDC13, 
300 MHz): 1.08-1.23 (m, 4H, SiCH2)( 1.24-1.38 (m, 6H, CH3), 
2.85-2.95 (m, 2H, CH), 3.37-3.48 (m, 4.2H, SiH), 6.98-7.32 (m, 
4H, ArH); GPC: Mw = 1090, Mn = 890. TGA ceramic residue 
yield: 9% (black solid).

Dehydropolymerization of 2 Catalyzed by Cp/rCL 
/n-BuLi. To a Schlenk flask charged with CP2Z1CI2 (49.7 
mg, 0.17 mmol) and w-BuLi (0.13 mL of a 2.67 M solution 
in hexane, 0.35 mmol) was injected slowly 2 (1.31 g, 8.55 
mmol). The reaction mixture immediately turned light 
brown, and the reaction medium became swiftly gelatinous 
with vigorous gas evolution. After 24 h, the catalyst was des
troyed by exposure to the air for a few hours. The yellow 
gelatinous material was washed several times with toluene 
and diethyl ether and dried at reduced pressure to give 1.25 
g (95% yield) of off-white solid which was insoluble in most 
organic solvents. The combined washing solutions were con
centrated at reduced pressure and then passed rapidly th
rough a reverse phase silica gel column (70-230 mesh, 20 
cmX2 cm) with 200 mL of toluene used as the eluent. The 
colorless effluent was evaporated at reduced pressure to 
yield 0.012 g (1% yield) of a very viscous opaque oil which 
was soluble in most organic solvents. For the solid: Anal. 
Calcd for (鶴。7压)超：C, 56.69; H, 5.44. Found: C, 54.90; H, 
6.16; Solid-state NMR (8, 200 MHz): 3.21 (Avi/2 = 208 
Hz, 3.85H, CH and SiH), 6.03 (Avi/2= 140 Hz, 5H, ArH); 
TGA ceramic residue yield: 73% (black solid). For the very 
viscous oil: IR (neat, KBr, cm-1): 2150 s (代诅)；E NMR 
(8, CDCI3, 300 MHz): 1.8-2.2 (m, 1H, CH), 3.0-4.5 (m, 4.1H, 
SiH), 6.5-7.5 (m, 5H, ArH); GPC: M = 9020, A么= 1050. TGA 
ceramic residue yield: 14% (black solid).

Dehydrocoupling of 2 Catalyzed by CpzZrCU/Red- 
Al. 2 (2.0 g, 13.1 mmol) was drop by drop added to a Sch
lenk flask loaded with Cp2ZrCl2 (15.5 mg, 0.053 mm이) and 
Red-Al (17.0 卩L, 0.058 mmol). (Warning! The addition order, 
addition rate, and catalyst concentration should be adhered, or 
a violent explosion with fire will be occurred^) The reaction 
mixture immediately turned light brown, and the reaction 
medium became viscous with intense gas evolution. After 
8 h, the catalyst was killed by exposure to the air. The low- 
boiling products were isolated by bulb-to-bulb vacuum distil
lation: the low-boiling products were identified to be benzyl
silane (3, 3%), dibenzylsilane (4, 1%), 2,4-diphenyl-l,3-disila- 
butane (5, 5%), 2,4-diphenyl-l,3,5-trisilapentane (6, 60%), 2,5- 
diphenyl-l^^^-tetrasilahexane (7, 5%), and unidentified 
products (26%). The remaining high-boiling mixture was pas
sed rapidly through a reverse phase silica gel column (70- 
230 mesh, 20 cmX2 cm) with 200 mL of toluene used as 
the eluent. The colorless effluent was evaporated to dryness 
to yield 0.50 g (25% yield) of a viscous opaque oil . IR (neat, 
KBr, cm '): 3022 w, 2922 m, 2852 w (vCh), 2148 s (v$h), 

1594 w, 1492 m, 1450 w, 1032 m, 922 s (&诅)，878 m, 696 
s;】H NMR (& CDCI3, 300 MHz): 1.2-2.5 (m, CH), 3.6-4.4 
(m, SiH), 6.5-7.5 (m, ArH); GPC: A£=750, M" = 510. TGA 
ceramic residue yield: 2% (black solid).

Results and Discussion
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Although Cp2MMe2 (M = Ti, Zr),5 Cp2ZrLSi(SiMe3)3]Me,6 
and Cp2ZrCl2/n-BuLi13 are known to be the active cataly아으 

for the dehydropolymerization of primary silanes and 
CpCp*Zr[Si(SiMe3)3]Me and (CpCp*ZrH2)2 were the most 
active catalyst previously examined,6 we decided to employ 
a novel combination catalyst, Cp2MCl2/Red-Al (M = Ti, Zr, 
Hf),14 which was recently found to give predominantly linear, 
higher molecular weight of polysilanes than for any other 
catalyst system, because the monomeric silanes 1 and 그 ar은 

sterically hindered. Sterically hindered silanes were known 
to be very slow to polymerize and to give low-molecular-wei- 
ght oligosilanes.5,6

Dehydropolmerization of 1 with 2 m이% of the CwZrCL 
/Red-Al and Cp2ZrCl2/n-BuLi combination catalysts initiated 
immediately, as monitored by the immediate release of hyd
rogen gas, and the reaction medium became rapidly gelati
nous (eq 1).

The polymers were isolated in >85% total yield as two 
phases after workup including washing and column chroma
tography. The first part of the polymers was obtained in 
50-52% yi이d as an off-white s이id which was insoluble in 
most organic solvents. The TGA ceramic residue yi이d of 
the insoluble solids was in the range of 64-67%. The second 
part of the polymers was acquired in 37-38% yield as a very 
viscous clear oil which was soluble in most organic solvents. 
The TGA ceramic residue yield of the soluble oils ranged 
from 8% to 9%. The weight average molecular weight (Mw) 
and number average molecular weight (M„) of the oily poly
mers were in range of 1070-1090 and 850-890, respectively， 
The characterization data are summarized in Table 1.

The solid-state NMR spectra of the insoluble solid pol
ysilanes showed only a single, broad (Avi/2=360 Hz) peaks 
centered at ca. 3.0 ppm assigned to the C-H and Si-H reso
nances. The NMR spectra of the soluble oily polysilanes 
apparently show nearly one broad unresolved mountain-like 
resonances centered at ca. 3.4 ppm. The IR spectra of the 
polysilanes exhibit an intense SiH band at ca. 2140 cm-1.

Dehydropolmerization of 2 with 2 mol% of the CpzZrCW作- 

BuLi combination catalyst commenced immediately, as moni-

Table 1. Characterization of Catalytic Dehydrocoupling of 1 with 
Zirconocene Combination Catalysts0

m이 " % ceramic
Catalyst % yield “ ., . .Mw M„ residue yield，

Cp2ZrCl2/ 50 (solid) — 67
w-BuLi 37 (oil) 1070 850 8

Cp2ZrCl2/ 52 (solid) — 64
Red-Al 38 (oil) 1090 890 9

a[Zr]/[Si] = 0.02; at ambient temperature for 24 h. bMeasured 
with GPC @s polystyrene) in toluene. 'Measured with TGA up 
to 800 t.

Table 2. Characterization of Catalytic Dehydrocoupling of 2 with 
Zirconocene Combination Catalysts

Catalyst % yi이 d
이이 wf % ceramic 

residue yi시dMw Mn

Cp2ZrCl2/ 95 (solid) - 73
«-BuLifl 1 (oil) 9020 1050 14

CpzZrCb/ 25 (oil) 750 510 2
Red-AP

"Zr]/[Si] = 0.02; at ambient temperature for 24 h. ”[Zr]/[Si] = 
0.004; at ambient temperature for 8 h. 'Measured with GPC 
(vs polystyrene) in toluene. dMeasured with TGA up to 800 °C.

tored by the instant evolution of hydrogen gas, and the reac
tion medium became promptly gelatinous (eq 2).

The polymer was isolated in 96% total yield as two phases 
after workup including washing and column chromatography. 
The first part of the polysilane was obtained in 95% yield 
as an off-white solid which was insoluble in most organic 
solvents. The TGA ceramic residue yi시d of the insoluble 
solids was 73%. The second part of the polysilane was acqui
red in 1% yield as a very viscous opaque oil which was 
soluble in most organic solvents. The TGA ceramic residue 
yi이d of the soluble oil was 14%. The Mw and Mn of the 
oily polymer were 9020 and 1050, respectively. The characte
rization data are given in Table 2.

The solid-state NMR spectrum of the insoluble polysi
lane showed only a single, broad (Avi/2=208 Hz) peaks cen
tered at ca. 3.2 ppm assigned to the C-H and Si-H resonan
ces. The NMR spectrum of the soluble polysilane appare
ntly shows nearly one broad unresolved mountain-like reso
nances centered at ca. 4.0 ppm. The IR spectrum of the poly
silane exhibits an intense vsiH band at ca. 2145 cm-1.

We found from the above results that the expected struc
tures of polysilanes are obtained without appreciable side 
reactions from the catalytic dehydropolymerization of 1 by 
Cp2ZrCl2/Red-Al and Cp2ZrCl2/M-BuLi combination catalysts 
and from the catalytic dehydropolymerization of 2 with Cp2 
ZrCk/n-BuLi combination catalyst. As 아lown in Table 1, two 
combination catalysts in the dehydropolymerization of 1 pro
duce the polysilanes with similar molecular weights and per
cent ceramic residue yield in the similar polymerization 
yield. Interestingly, as shown in Table 1 and 2, with the 
Cp2ZrCl2/M-BuLi combination catalyst, the molecular weight 
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and percent ceramic residue yield of the polysilane prepared 
from the catalytic dehydropolymerization of 2 were higher 
than those of the polysilanes prepared from the catalytic de
hydropolymerization of 1. Compared to the other group 4 
metallocene combination catalysts,123 zirconocene combination 
catalysts produced the polysilanes with the similar molecular 
weights and percent ceramic residue yield as the titanocene 
and hafnocene combination catalysts in the catalytic dehyd
ropolymerization of 1. Zirconocene combination catalyst pro
duced the oily polysilane with the higher molecular weights 
than the titanocene and hafnocene combination catalysts in 
the dehydropolymerization of 2 catalyzed by Cp2ZrCl2/w- 
BuLi. Differential scanning calorimetry (DSC) for these solid 
polymers did not show the presence of a glass transition 
temperature (7^) between 25 and 400 °C. X-ray powder pat
tern (20=5-80°) for the solid polymers were featureless, 
which suggests that the polymers adopt an amorphous, glass
like structure. The carbon analyses were consistently lower 
than the calculated values due presumably to SiC formation 
leading to incomplete carbon combustion. The cross-linked 
solid polysilanes were not pyrophoric and were found to be 
quite stable at air atmosphere for a long period: the noticea
ble growth of Si-0 stret아ling bands by oxidation of the Si- 
Si bonds was not observed for several months. Thermogravi- 
metric analysis (TGA) of these insoluble polysilanes remai
ned unchanged after and before irradiation for 2 h using 
a medium-pressure mercury lamp, indicating that the solid 
polymers are not appreciably photodegradable. The TGA data 
of the insoluble polysilanes showed that the ceramic residue 
yields were consistently higher than the theoretical yields 
(M., 2SiC/Si2Ci2Hi8=36.6% for 1; 2SiC/Si2C7H8=53.8% for 
2), probably due to extra free carbon formation, promoted 
by the crosslinking, along with SiC formation under the py
rolysis conditions. One might naturally think that the poly
merization first produced a low-molecular-weight polymer 
which then underwent an extensive cross-linking reaction 
of backbone Si-H bonds, leading to an insoluble polymer. 
Catalytic dehydropolymerization of ortho-, meta-, para- bis(si- 
lyl)phenylenes owith the Si-Si distance of approximately 3.22, 
5.57, and 6.43 A, respectively.15 is known to produce a soluble 
polysilane for the ortho- bis(silyl)phenylene and an insoluble 
polysilane for the meta- and para- bis(silyl)phenylenes.7a In 
addition, the catalytic dehydropolymerization of the 1,2-di- 
phenyldisilane with the Si-Si distance of approximately 2.22 
A produces a soluble polysilane.8 In contrast, the catalytic 
dehydropolymerization of the bis(silyl)alkylbenzenes 1 and 
응 with the Si-Si distance of approximately 3.07, and 10.92 
A, respectively, produces insoluble polysilanes. It is now evi
dent that the orientation of the two silyl groups as well as 
the Si-Si distance in a silane with two silyl groups are an 
important factor to yi시d an extensive network structure of 
polysilane.

The catalytic dehydrocoupling of 2 by 0.4 mol% of the 
Cp2ZrCl2/Red-Al combination catalyst yielded a complex mix
ture of products by redistribution/dehydrocoupling reactions 
of 2. We first expected that the catalytic dehydrocoupling 
of 2 by the CpzZrCk/n-BuLi and Cp2ZrCl2/Red-Al catalyst 
systems could give the same type of polysilane because both 
catalyst systems are known to produce same catalytic species 
in the presence of silane,5,613 but they gave totally different 

products (vide infra). Redistribution/dehydrocoupling of 2 
with the Cp2ZrCl2/Red-Al catalyst system commenced imme- 
diat시y and the reaction medium became slowly viscous (eq. 
3).

copolymer + PhCH2SiH3 +
3

(PhCH2)2SiH2 + H3SiCH(Ph)SiH2CH2Ph 
-H,/ - SiH. 4 «

PhCH(SiH3)2 ------------------------- a
% Cp22Kn2/Red-Al
£ + H3SiCH(Ph)SiH2CH(Ph)SiH3 +

6

H3SiCH(Ph)SiH2SiH2CH(Ph)SiH3

7 (3)

The volatiles 3-7 were isolated by bulb-to-bulb vacuum 
distillation and 사｝en subject to GC/MS analysis.12b The poly
mer was isolated in 28% yield as a viscous opaque oil after 
workup including column chromatography. The TGA ceramic 
residue yield of the polymer was 2%. The weight average 
molecular weight and number average molecular weight of 
the polymer 750 and 510, respectively. The NMR spect
rum of the polymer apparently shows a set of broad unresol
ved mountain-like peaks in the region of 3.6-4.4 ppm assig
ned to the Si-H resonances. The IR spectrum of the polymer 
shows an intense Si-H band at around 2150 cm1. We tenta
tively assign the polymer as a copolymer. We are making 
our effort to elucidate the structure of the copolymer using 
high-resolution 13C and 29Si NMR spectroscopy and other 
analytical techniques.

Although enough experimental data are not currently in 
our hands, some comments on the catalytic redistribution/ 
dehydrocoupling mechanism of 2 by Cp2MCl2/Red-Al combi
nation catalyst seem appropriate. We propose a me아】anism 
involving the preferential attack of the hydride on the less 
hindered silicon with formation of a pentacoordinated anionic 
species which collapses to give an a-silyl carbanion interme
diate and SiHi gas. The a-sily cabanion may then pick up 
a hydrogen from the hydrogen source (eg, silane or solvent) 
to yield 3 or may react with a metallocene chloride to pro
duce its metallocene derivative which will then undergo a 
o-bond metathesis reaction with 2 and 3 to give a Si-C coup
ling product, 6 and 5, respectively. 6 may sequentially lose 
SiH4 gas by the action of a hydride ion producing 4 and
5. The resulting silanes might then undergo dehydrocoupling 
to yield a copolymer (Scheme 1).

One may expect that the secondary silyl groups of the 
silanes 4-7 should seldom undergo dehydrocoupling due to 
their steric bulkiness. The dehydrocoupling reactivity of hyd
rosilanes is well known to decrease drastically in the order 
primary> sencondary>tertiary.5-6 One may note that the re
distribution of 2 could only occur prior to the dehydrocoup
ling when the CpzMCL/Red-Al is used as a catalyst, but the 
dehydrocoupling could occur without redistribution when the 
Cp2MC12/w-BuLi used as a catalyst. This provides an example 
of forming different types of polymers, depending on the 
combination of metallocene and anionic additive.

Conclusions

The monomeric silanes bis(l-sila-3-butyl)benzene I was
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solvent 
or silane

Ph-CH-SiH3

+ CpMCl

Cp，내-CH(SiH»Ph

7

-H J + CP2M-H 

+ H- r 1 -PhCHCSiH^ ---------- a [ PhCH(SiH4)SiH3 ] —涌 *

2

4 . 사「 s . + H- & . +2
-SiH4 - SiH4 - CpjM-H

t +3__________

-CfwM-H

+ Cp2M-H
2 + 3 + S + 6 + 7 -----------------a copolymer

- H2

Scheme 1. Postulated mechanism for catalytic dehydrocoupling 
of 2 by Cp2ZrCl2/Red-Al.

dehydrocoupled by the Cp2ZrCl2/Red-Al and Cp2ZrCl2/w-BuLi 
combination catalysts to produce two phases of polymers: 
one is a highly cross-linked insoluble solid, and the other 
is noncross-linked or slightly cross-linked soluble oil and 
could be a precursor for the solid polymer. 2-phenyl-l,3-disi- 
lapropane 2 was dehydrocoupled by the CpzZrCL/^-BuLi co
mbination catalyst, similarly yielding two phases of polymers. 
By contrast, the catalytic reaction of 2 with the Cp2ZrCl2/Red- 
Al combination catalyst produced a soluble polymer via redi- 
stribution/dehydrocoupling process. A plausible mechanism 
for the formation of the soluble polymer was provided.
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