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perature factors, an empirical absorption correction (u = 10.3
cm™)!8 were applied. The structure was solved by the Patterson
method. R indices after refinement with anisotropic temperature
factors were R = 0.037 and R (F) = 0.039. A total of 1225 in-
dependent reflections with F, 2 24(F,) was used in the calcula-
tions. Methyl hydrogen atoms could not be located, but the three
hydrogen atoms of the ethylene part appeared in a final difference
Fourier map. The SHELX program package was used for the
calculations.'?

For the space group Fdd2 one has to consider two polarities
of the crystal structure. In view of the limited data set, we did
not attempt to determine the polarity, however. Final atomic
parameters are listed in Table II. Additional data (listings of
anisotropic temperature factors, F,/F, listings, additional bond
distances and angles) may be obtained from the Fachinforma-
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Electrolysis of 1,2-bis(chloromethylphenylsilyl)ethane (1) and 1,2-bis[chloromethyl(p-tolyl)silyl]ethane
(6) in 1,2-dimethoxyethane using copper as the electrodes and tetrabutylammonium tetraphenylborate
as the supporting electrolyte afforded poly(disilanylene)ethylenes with high molecular weights, in which
no silicon—oxygen bonds in the polymer backbone are included. The effect of supporting electrolytes and
solvents on the silicon—silicon bond formation is discussed.

Introduction

In recent years, much interest has been focused on the
chemistry of polymeric organosilicon compounds that have
silicon-silicon bonds in the polymer backbone. In this
field, the silicon—silicon bond formation is of considerable
importance for building up these molecules. Many papers
concerning studies on the formation of the Si~Si bond have
been reported to date.?
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Toyoda, E.; Ishikawa, M. Organometallics 1991, 10, 2001.
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Recently, we have demonstrated that the electrochem-
ical reduction of chlorosilanes in an undivided cell is ef-
fective for the formation of silicon-silicon bonds and af-
fords polysilane oligomers in high yields.!*? In this paper,
we wish to report that poly(disilanylene)ethylenes with
high molecular weights can be obtained by the reduction
of 1,2-bis(chlorosilyl)ethanes with the use of copper as the
electrodes and tetrabutylammonium tetraphenylborate as
the supporting electrolyte in 1,2-dimethoxyethane.

Results and Discussion

As described in the previous paper,!* lower homologues
of polysilanes such as disilanes, trisilanes, tetrasilanes, and

(10) Corriu, R. J. P.; Dabosi, G.; Martineau, M. J. Organomet. Chem.
1981, 222, 195.
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Table I. Effect of Supporting Electrolytes and Solvents on Electrolytic Reduction of Chloromethyldiphenylsilane (3)

amt of 3 current isolated product
(mmol) electrolyte (amt, g) solvent (F mol™) (% yield)
4.74 (TBA)CIO, (1.26) DME 1.18 4 (83) § (trace)
3.86 LiCl (0.05) DME 9.43 4 (61) 5 (10)
4.77 LiCl (0.24) DME-DMF (5:1) 1.00 4 (11)° 5 (56)°
5.58 (TBA)CIO, (1.26) DME-PC (6:1) 1.23 4 (5)° 5 (16)°
6.29 (TBA)CIO, (1.27) MeCN 0.53 no reacn
4.06 (TBA)BF, (0.25) DME 1.26 4 (48)
4,32 (TBA)OCOCF; (1.30) DME 2.38 4 (15)° 5(2)°
3.69 (TBA)BPh, (0.41) DME 1.93 4 (84)

2Yield determined by GLC.

Table I1. Polymers Obtained by Electrolysis of 1 and 6 with Copper Electrodes!®

chlorosilane supporting current

(amt, mmol) electrolyte (F mol™?) polymer M, (M,/M,) yield (%) ce® (%)
1 (2.96) (TBA)CIO, 12,0 2 14000 (6.6) 39 7
1(3.54) (TBA)BPh, 3.5 2 61000 (16) 13 7
1 (3.01) (TBA)BPh, 124 2 120000 (8.0) 17 3
6 (2.24) (TBA)BPh, 10.5 7 10000 (4.6) 45° 9
6 (2.12) (TBA)BPh, 12.8 7 18000 (10) 54 8
6 (2.76) (TBA)BPh, 17.9 7 25000 (10) 44 5

¢ Current efficiency. ®Besides 7, an oligomer of M, = 2600 was isolated in 52% yield.

pentasilanes are readily obtained in high yields by cathodic
reduction of chlorosilanes in an undivided cell with the use
of a copper anode. For example, 3-phenylundeca-
methylpentasilane was obtained in a 79% yield by the
reduction of a mixture of dichloromethylphenylsilane and
chloropentamethyldisilane in 1,2-dimethoxyethane (DME)
in the presence of tetrabutylammonium (TBA) perchlorate
using copper electrodes as both the cathode and anode.

We attempted to apply the electrochemical condensation
of chlorosilanes to the synthesis of silicon-containing
polymers in which regular alternating arrangement of a
disilanylene unit and an ethylene unit is included in the
polymer backbone (eq 1).!> When the electrolysis of

Ph Ph ‘26 !l’h Ph
! s
Cl-Sli-CHZ-CHz-Si-Cl —> +CH2-CH2—SIl—SIl-]- n 1)
I\Irle Ysllle Me Me
1 2

1,2-bis(chloromethylphenylsilyl)ethane (1) was carried out
using the electrolytic system as specified above, poly-
[(1,2-dimethyl-1,2-diphenyldisilanylene)ethylene] (2) with
molecular weight of 14000 was produced in 38% yield (see
Table I1).16 In the IR spectrum of this polymer, however,
a strong absorption attributed to silicon—oxygen bonds was
observed. The formation of siloxane bonds in the polym-
erization of 1 may be ascribed to the use of perchlorate as
the supporting electrolyte. We therefore attempted to find
more suitable supporting electrolytes and solvents for the
formation of disilanylene-containing polymers. Reduction
of chloromethyldiphenylsilane (3) was chosen as the model
reaction (eq 2). The progress of the reaction was monitored
by GLC. Results are summarized in Table 1.

(2)

+2e
2 Ph,MeSiCl ——»  Ph,MeSi-SiMePh,

3 4

(15) Recently, synthesis of poly(tetramethyldisilanylene)ethylene by
alkali-metal condensation of 1,2-bis(chlorodimethyisilyl)ethane at 80 °C
has been reported: Hayashi, T.; Kawamoto, A. M.; Kobayashi, T.; Ya-
mashita, H.; Tanaka, M. Presented at the 36th Symposium on Organo-
metallic Chemistry, Japan, 1989; Abstr. No. A214.

(16) In all of the experiments given in Table II, the electrolyzed so-
lutions were treated with LiAIH, before isolating products in order to
avoid hydrolysis of the chlorosilyl residue at the polymer end (see Ex-
perimental Section).

As reported previously, the use of (TBA)CIO, in DME
is quite effective for the dimerization of 3 to give 1,2-di-
methyltetraphenyldisilane (4) in 83% yield, but this system
is not appropriate for the polymerization of 1. When
lithium chloride was used instead of (TBA)C1OQ,, disilane
4 was obtained in 61% yield. Lithium chloride is less
soluble in DME than (TBA)CIlO, resulting in rather low
conductivity of the electrolytic solution. This probably
decreases the current efficiency of the reaction and hence
results in lower yield of 4.1 The electrolysis with lithium
chloride was, therefore, carried out in a mixed solvent of
DME and dimethylformamide (DMF) (5:1) in order to
increase the solubility. The disilane 4 was, however, ob-
tained only in 11% yield, and 1,3-dimethyltetraphenyl-
disiloxane (5) was formed as a main product (56% yield).
Similarly, when the electrolysis was carried out in a 6:1
mixture of DME and propylene carbonate (PC) containing
(TBA)CIO,, the yield of the dimer 4 was only 5%. These
results clearly indicate that the carbonyl oxygen in the
solvents causes the formation of an appreciable amount
of disiloxane. The electrochemical reduction of 3 did not
take place at all in an acetonitrile solution containing
(TBA)C1O,, and thus no dimer was produced.!®

Next we used (TBA)BF, in DME. However, the disilane
4 was obtained only in 48% yield, owing to the fast ex-
change of the chlorine atom of compound 3 with a fluorine
atom of the supporting electrolyte. The fluorinated 3 thus
formed in the electrolytic solution was remained un-
changed, after all of the remaining chlorosilane were con-
sumed. Similarly, the use of (TBA)CF;CO, in DME re-
sulted in the fast exchange between chlorine and fluorine
atoms.

The best result was obtained with the use of (TBA)-
BPh,. Namely, the chlorosilane 3 was electrolyzed in DME
using (TBA)BPh,, as the supporting electrolyte until 1.93
F mol™ of the electricity was supplied. Under these con-
ditions, all of 3 was electrolyzed quite smoothly and the
dimer 4 was isolated in 84% yield as the sole product. The
formation of disiloxane was not found at all during the

(17) The addition of 12-crown-4 into the electrolytic solution did not
improve the solubility of LiCl, and hence the yield of 2 was low.

(18) Electroplating of copper from the anode to the cathode took place
as the main reaction, since copper(l) ions become soluble by complexation
with acetonitrile and therefore accumulate in the solution.
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electrolysis. Thus, the nature of the solvents and the
supporting electrolytes affects largely the dimerization of
3

The electrolytic system was then applied to the con-
densation of 1,2-bis(chloromethylphenylsilyl)ethane (1)
(Table IT). The electrolysis of 1 was carried out using the
copper electrode system, for both the anode and cathode,
and (TBA)BPh, as the supporting electrolyte in DME
until all of 1 was consumed (3.5 F mol™).1¢ Poly(1,2-di-
methyl-1,2-diphenyldisilanylene)ethylene (2) was isolated
in 13% yield after reprecipitation of the products from
ethanol. The molecular weight of 2 was determined to be
M, = 61000 (M,/M,, = 16), relative to polystyrene stand-
ards. The polymer 2 with higher molecular weight was
obtained by prolonged electrolysis. Namely, the electro-
lysis of 1 with a supply of 12.4 F mol™ of electricity gave
polymer 2 with a molecular weight of M, = 120000 (M,/M,,
= 8.0) in 17% yield.

Polymer 2 thus obtained is an elastic solid and is soluble
in common organic solvents such as THF, benzene, and
halocarbons. The structure of 2 was verified by IR, ‘H
NMR, 3C NMR, and #Si NMR spectroscopic techniques
as well as by elemental analysis. The 'H NMR spectrum
of 2 at 270 MHz reveals two singlet resonances at & 0.15
and 0.19 ppm due to methylsilyl protons and a singlet
resonance at 6 0.56 ppm due to methylene protons as well
as multiplet resonances at 6 7.11-7.23 ppm attributed to
aromatic ring protons. The 13C NMR spectrum of 2 reveals
two resonances at § —6.34 (methylsilyl carbons) and 6.33
ppm (methylene carbons) as well as five resonances ap-
pearing at & 127.6-138.0 ppm (aromatic ring carbons). The
%81 NMR spectrum of 2 shows a single resonance at &
—18.40 ppm due to the disilanylene unit, while the starting
compound 1 reveals a signal at § 21.77 ppm. All of the
spectral data are consistent with the proposed structure.
For comparison, condensation of 1 was carried out with
sodium dispersion in benzene at low temperature under
ultrasonic irradiation for 10 h to give a polymer with
molecular weight of M, = 265000 (M,/M,, = 2.5). 'H NMR
and !*C NMR spectra of this polymer were identical with
those of 2 obtained by electrolysis.

The electrochemical condensation of 1 with the use of
(TBA)CIO, in DME certainly produces the polymer (M,
= 14000), but absorptions attributed to an Si—O bond are
always observed in its IR spectrum.!® In contrast to this,
no absorptions due to an Si-O bond are found in the
polymer which was obtained by electrolysis using
(TBA)BPh, as the supporting electrolyte.

The present method can also be applicable to the con-
densation of 1,2-bis[chloromethyl(p-tolyl)silyl]ethane (6).
Thus, when 6 was electrolyzed in the similar manner until
12.8 F mol™! of electricity was supplied, poly[1,2-di-
methyl-1,2-bis(p-tolyl)disilanylene]ethylene (7) with mo-
lecular weight of M, = 18000 was obtained in 54% yield
(eq 3). Polymer 7 with molecular weight of M, = 25000
was obtained in 44% yield by electrolysis with supply of
17.9 F mol™! of electricity.

Tol Tol +2e 'll'ol Tol
Cl-Sli-CHz-CHZ-Si-Cl — £ CH,CH, -Sli—SIi-}- n (3)
Me Me Me Me
6 7

In this electrolysis, products with low molecular weight
were also produced. Thus, after the electrolysis of 6 with

(19) The carbon content of this polymer was found to be lower than
the calculated value, showing contamination of Si—O bonds in the polymer
chain,
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10.5 F mol™ of electricity, a polymeric part was separated
by reprecipitation from ethanol to give polymer 7 (M,
10000, M,/ M, = 4.6, 45% yield), and an oligomeric part
was purified by recycling GPC to give the oligomer of 7
as an oil (M, = 2600, M,/M, = 2.7, 52% yield). The oli-
gomer shows the presence of a hydrosilyl group as indi-
cated from its infrared (2109 cm™) and 'H NMR (5 4.33
ppm) spectra. The average number of the repeating unit
in the oligomer, (C;sH,,Si),,, was calculated to be n = 8.8
on the basis of the GPC analysis. The value is approxi-
mately the same as that estimated from the relative in-
tensity of the terminal SiH group in the 'H NMR spectrum
(n = 7.1), suggesting that the oligomer has mainly linear
structure.

Polymer 7 is an elastic solid and soluble in common
organic solvents such as THF, benzene, and halocarbons.
The *C NMR spectrum of 7 reveals two singlet resonances
at 6 —6.18 and -5.98 ppm, attributed to silylmethyl carbons,
and a resonance at § 6.53 ppm, attributed to methylene
carbons in the polymer chain, as well as seven resonances
appearing at 6 21.45 ppm and in the region of &
128.46-137.80 ppm, due to methyl and ring carbons. The
281 NMR spectrum of 7 shows a single resonance at &
-18.67 ppm, at higher magnetic field than that of the
starting compound 6 (21.83 ppm). All spectral data ob-
tained for 7 were consistent with the proposed structure.
Again, no Si~0 bonds in the polymer backbone were ob-
served in its infrared spectrum.

In conclusion, (disilanylene)ethylene polymers with high
molecular weights, which involve no siloxy units, were
obtained by electrolysis using copper as the electrodes,
(TBA)BPh, as the supporting electrolyte, and DME as the
solvent. The present approach may be used as the general
method for the synthesis of the polymers having di-
silanylene unit.

Experimental Section

General Methods. 'H NMR and ®*C NMR spectra were
determined on JEOL JNM EX-270 and JNM FX-90A spec-
trometers. IR spectra were recorded on a Perkin-Elmer 1600
FT-IR spectrometer. Analysis of the products and monitoring
of the reaction were performed by gas-liquid chromatography
(GLC) using columns packed with OV-17 and SE-30 resin.
Molecular weights of polymers were determined by gel-permeation
chromatography using Shodex KF-806 and KF-804 resin for the
columns and tetrahydrofuran (THF) as the eluent and are relative
to polystyrene standards.

Chloromethyldiphenylsilane (3) was supplied by Shin-Etsu
Chemical Co. Ltd. and was used after distillation. Chlorosilanes
1 and 6 were synthesized. Tetrabutylammonium (TBA) salts of
perchlorate, tetrafluoroborate, trifluoroacetate, and tetra-
phenylborate were prepared from (TBA)Br by treatment with
perchloric acid, tetrafluoroboric acid, trifluoroacetic acid, and
sodium tetraphenylborate, respectively. These salts were purified
by recrystallization from acetone—water 3-5 times and dried in
vacuo for several days. 1,2-Dimethoxyethane (DME) was purified
and dried in a manner described in the previous paper.l2® Di-
methylformamide (DMF), propylene carbonate (PC), and ace-
tonitrile (MeCN) were distilled over phosphorous pentaoxide and
dried over molecular sieves (4 A).

Preparation of 1,2-Bis(chloromethylphenylsilyl)ethane
(1). A solution of bromoethylene (20 mL, 0.28 mol) in THF (20
mL) was added dropwise into a mixture of magnesium (6.1 g, 0.25
mol) and THF (180 mL) over 1 h under ice cooling, and then the
mixture was stirred at room temperature for 2 h. The resulting
Grignard solution was added dropwise to a solution of dichloro-
methylphenylsilane (70 g, 0.37 mol) in THF (350 mL) under ice
cooling. After being stirred at room temperature for 12 h, the
solution was filtered and concentrated on a rotary evaporator.
A distillate (45.1 g) boiling at 203217 °C under an atmospheric
pressure was collected. The distillate consisting of chloro-
methylphenylvinylsilane was mixed with chloromethylphenylsilane
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(31.2 g, 0.20 mol) and a catalytic amount of hexachloroplatinic
acid, and the mixture was stirred at room temperature for 24 h.
The mixture was distilled under a reduced pressure (135-137 °C/5
mmHg) to give crude 1 (25.6 g), which solidified on standing.
Recrystallization from hexane gave pure 1 (22.56 g, 66.5 mmol,
29% yield): IR 3070, 1428, 1255, 1116, 1054, 784, 734 cm™; 'H
NMR & (CDCl;) 0.69 (s, 6 H, SiMe), 1.12 (s, 4 H, CH,), 7.43-7.64
(m, 10 H, pheny! ring protons); 1*C NMR & (CDCl,) —0.36 (SiMe),
9.77 (CHy), 128.1, 130.4, 131.6, 133.0, 133.4, 134.6 (pheny! ring
carbons); #Si NMR (CDCly) 4 21.77; mass m/e 338 (M*), 303 (M*
- Cl), 261 (M* - Ph). Anal. Caled for C;gHySi,Cly: C, 56.62;
H, 5.94. Found: C, 56.61; H, 5.82.

Preparation of 1,2-Bis[chloromethyl(p-tolyl)silyl]ethane
(6). (a) Methyl(p-tolyl)vinylsilane. A solution of bromo-
ethylene (25 mL, 0.35 mol) in THF (30 mL) was added dropwise
into a mixture of magnesium (9.4 g, 0.39 mol) and THF (200 mL)
under ice cooling over a period of 1 h, and then the mixture was
stirred at room temperature for 2 h. The resulting Grignard
solution was added to a solution of chloromethyl(p-tolyl)silane
(54.7 g, 0.32 mol) in THF (150 mL) under ice cooling over a period
of 2.5 h. After being stirred at room temperature for 6 h, the
solution was concentrated on rotary evaporator and filtered.
Distillation of the filtrate under reduced pressure afforded 30.0
g (0.18 mol) of methyl(p-tolyl)vinylsilane (bp 90-95 °C/27 mmHg):
H NMR (CDCl,) 6 0.32 (d, 3 H, SiMe, J = 3.6 Hz), 2.26 (s, 3 H,
p-Me), 4.44-4.50 (m, 1 H, SiH), 5.75 (dd, 1 H, olefinic proton,
J =19.6 Hz, J = 4.1 Hz), 6.02 (dd, 1 H, olefinic proton, J = 14.3
Hz, J = 4.1 Hz), 6.18 (ddd, 1 H, olefinic proton, J = 14.3 Hz, J
= 19.6 Hz, 2.8 Hz), 7.09 (d, 1 H, aromatic proton, J = 7.8 Hz),
7.35 (d, 1 H, aromatic proton, J = 7.8 Hz); *C NMR & (CDCl,)
-5.55 (SiMe), 21.48 (p-Me), 128.77, 131.61, 134.57, 134.88, 135.02,
139.34 (phenyl and olefinic carbons); IR 2965, 2120 (Si~-H), 1602,
1403, 1250, 1109, 1008, 955, 877, 838, 798 cm™; mass m/e 162 (M*),
147 (M* ~ CHy), 135 (M* - C;Hj), 91. Anal. Caled for CyoH,,Si:
C, 74.00; H, 8.69. Found: C, 73.75; H, 8.64.

(b) 1-[Chloromethyl(p-tolyl)silyl]-2-[methyl(p-tolyl)si-
lyllethane. Methyl(p-tolyl)vinylsilane (19.0 g, 0.12 mol) was
mixed with chloromethyl(p-tolyl)silane (20.5 g, 0.12 mol) and a
catalytic amount of hexachloroplatinic acid, and the mixture was
stirred at room temperature for 48 h. The mixture was distilled
under a reduced pressure to give 1-[chloromethyl(p-tolyl)si-
lyl]-2-[methyl(p-tolyl)silyl]ethane (16.1 g, 48 mmol), (bp 137-142
°C/4 mmHg): H NMR (CDCl,) § 0.265 (d, 3 H, SiHMe, J = 3.6
Hz), 0.29 (s, 3 H, SiClMe), 0.73 (br m, 4 H, CH,), 2.35 (s, 6 H,
p-Me), 4.22-4.37 (br m, 1 H, SiH), 7.10-7.51 (m, 8 H, aromatic
ring protons); 13C NMR & (CDCly) —6.07 (SiHMe), -1.53 (SiCIMe),
5.07 (CH,SiH), 10.12 (CH,SiCl) 21.48 (p-Me), 128.48, 128.63,
128.75, 132.70, 133.42, 133.48, 134.38, 135.04 (phenyl ring carbons);
IR 2957, 2109 (Si-H), 1603, 1252, 1110, 785 cm™; mass m/e 332
(M%), 297 (M* - C1), 241 (M* - Tol), 135. Anal. Caled for
CsHaSi,Cl: C, 64.92; H, 7.57. Found: C, 65.21; H, 7.47.

(¢) 1,2-Bis[chloromethyl(p-tolyl)silyllethane (6). A mix-
ture of 1-[chloromethyl(p-toly])silyl]-2-[methyl(p-toly])silyl]ethane
(16.1 g, 48 mmol), carbon tetrachloride (50 mL), and a catalytic
amount of palladium chloride was stirred under ice cooling for
3 h. The solvent was evaporated, and the residue was distilled
under a reduced pressure to give 6 (9.82 g, 27 mmol) (bp 143-147
°C/5 mmHg) in 13% yield based on chloromethyl(p-tolyl)silane:
'H NMR (CDCly) & 0.65 (s, 6 H, SiMe), 1.07 (s, 4 H, CH,), 2.38
(s, 6 H, p-Me), 7.22-7.51 (m, 8 H, phenyl ring protons); *C NMR
(CDCl,) 6 -0.27 (SiMe), 9.89 (CH,), 21.53 (p-Me), 128.68, 128.93,
131.07, 133.46, 140.57 (phenyl ring carbons); Si NMR (CDCl,)
6 21.83; IR 3012, 1603, 1392, 1253, 1111, 915, 777 cm™; mass m/e
366 (M™*), 331 (M* - Cl), 169, 91. Anal. Caled for C;sH,,Si,Cly:
C, 58.83; H, 6.58. Found: C, 58.80; H, 6.50.

General Procedure for Electrolysis. Electrolysis of chlo-
romethyldiphenylsilane (8) was carried out in a 30-mL undivided
cell equipped with a platinum plate (6 cm?) as the cathode and
a coiled copper wire with a 28-cm? surface area as the anode.?
In the cell was placed 1.26 g of (TBA)CIO, (or the other supporting
electrolytes given in Table I), and the cell was dried at 50 °C in
vacuo for 3 h. The chlorosilane 3 and 25 mL of DME (or the other
solvents) were then added to the cell under a dry nitrogen at-
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mosphere. Electrolysis was carried out in a manner of controlled
current (30 mA).2! The progress of the reaction was monitored
by GLC. The electrolysis was continued until the starting material
disappeared (unless otherwise noted). The resulting solution was
concentrated under a reduced pressure. Products were isolated
by medium-pressure liquid chromatography on silica gel eluting
with a mixture of hexane and benzene (5:1). Current efficiency
(ce) was calculated on the basis of [product (mol) X theoretical
number of electrons/quantity of electricity (F) supplied] X 100.
Results are summarized in Table I.

The procedure for the electrolysis of 1,2-bis(chloromethyl-
phenylsilyl)ethane (1) and 1,2-bis[chloromethyl(p-tolyl)silyljethane
(6) is mostly the same as above, except that the electrolysis was
carried out using coiled copper wires as both the cathode (9 cm?
and anode (31 cm?). The electrolysis was continued until the
starting material disappeared. The electrolyzed solution was
transferred into a flask containing LiAlH, in 30 mL of THF, and
the mixture was stirred at 50 °C for 4 h. An excess of LiAlH,
was hydrolyzed as usual (ethyl acetate, ethanol, and then water)
and products were extracted with ether. The extracts were
concentrated on a rotary evaporator, and the residue was re-
precipitated from ethanol. The polymer was collected by filtration
and dried under reduced pressure. The structures of polymers
2 and 7 were characterized by spectroscopic method, The spectral
data for 2 were compared with the polymer obtained from Na
condensation of 1. The molecular weights of these polymers are
summarized in Table II

Electrolysis of 3 with the Use of (TBA)CIO, in DME,
Electrolysis of 3 (1.103 g, 4.74 mmol) was carried out using
(TBA)CIO, (1.26 g) in 25 mL of DME and passing 5.57 mF (1.18
F mol™?) of electricity. Products were isolated by liquid chro-
matography to give 4 (0.78 g, 1.98 mmol, 83% yield, 71% ce).

Electrolysis of 3 with the Use of Lithium Chloride in
DME. Electrolysis of 3 (0.899 g, 3.86 mmol) was carried out using
lithium chloride (0.05 g) in 25 mL of DME and passing 36.4 mF
(9.43 F mol™) of electricity. Products were isolated by liquid
chromatography to give 4 (0.46 g, 1.17 mmol, 61% yield, 7% ce)
and 5 (0.083 g, 0.20 mmol, 10% yield).

Electrolysis of 3 with the Use of Lithium Chloride in
DME-DMF. Electrolysis of 8 (1.110 g, 4.77 mmol) was carried
out using lithium chloride (0.24 g) in a mixed solvent of DME
(21 mL) and DMF (4 mL) and passing 4.79 mF (1.00 F mol™) of
electricity. Products were analyzed by GLC to be 8 (32% yield),
4 (11% yield, 11% ce), and 5 (56% yield).

Electrolysis of 3 with the Use of (TBA)CI0O, in DME-PC.
Electrolysis of 3 (1.298 g, 5.58 mmol) was carried out using
(TBA)CIO, (1.26 g) in a mixed solvent of DME (25 mL) and PC
(4 mL) and passing 6.87 mF (1.23 F mol™) of electricity. Products
were analyzed by GLC to be 4 (5% yield, 4% ce) and 5 (16%
yield).

Electrolysis of 3 with the Use of (TBA)CIO, in MeCN.
Electrolysis of 3 (1.464 g, 6.29 mmol) was carried out using
(TBA)CIO, (1.27 g) in 25 mL of MeCN and passing 3.36 mF (0.53
F mol™?) of electricity. GLC analysis of the electrolytic solution
showed that the starting material 3 was not electrolyzed at all
under the present conditions.

Electrolysis of 3 with the Use of (TBA)BF, in DME.
Electrolysis of 3 (0.946 g, 4.06 mmol) was carried out using
(TBA)BF, (0.25 g) in 25 mL of DME and passing 5.11 mF (1.26
F mol™) of electricity. Products were isolated by liquid chro-
matography to give 4 (0.384 g, 0.973 mmol, 48% yield, 38% ce).

Electrolysis of 3 with the Use of (TBA)(CF,CO;) in DME.
Electrolysis of 3 (1.005 g, 4.32 mmol) was carried out using
(TBA)CF3CO, (1.30 g) in 25 mL of DME and passing 10.3 mF
(2.38 F mol?) of electricity. Products were analyzed by GLC as
to be 4 (16% yield, 6% ce) and 5 (2% yield).

Electrolysis of 3 with the Use of (TBA)(BPh,) in DME.
Electrolysis of 3 (0.859 g, 3.69 mmol) was carried out using
(TBA)BPh, (0.41 g) in 25 mL of DME and passing 7.13 mF (1.93
F mol™) of electricity. Products were isolated by liquid chro-
matography to give 4 (0.610 g, 1.55 mmol, 84% yield, 43% ce).

Electrolysis of 1 with the Use of Perchlorate. 1,2-Bis-
(chloromethylphenylsilyl)ethane (1) (1.005 g, 2.96 mmol) was

(20) Details for the electrolytic system are mentioned in our previous
papers. See ref 1a,b.

(21) In the course of the electrolysis, a copper(I) chloride layer was
formed on the anode surface, but the anode did not become passive.
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electrolyzed using (TBA)CIO, (1.25 g) in 25 mL of DME until
35.44 mF (12.0 F mol™) of electricity was supplied. Treatment
of the electrolyzed solution with LiAlH, (0.10 g) and reprecipi-
tation of the product from ethanol gave poly(1,2-dimethyl-1,2-
diphenyldisilanylene)ethylene (2) (0.31 g, 39% yield, 7% ce): M,
= 14000 (M,/M, = 6.6); IR 3048, 2112, 1427, 1251, 1051, 773, 733,
699 cm™}; 'H NMR 4 (CDCly) 0.09-0.35 (br m, 6 H, SiMe), 0.57
(br s, 4 H, CH,), 7.25-7.37 (m, 10 H, phenyl ring protons); 1*C
NMR & (CDCl,) -6.43, -6.36, —6.29, —6.16 (SiMe), 6.18, 6.34 (CH,),
127.6, 127.8, 128.3, 129.1, 133.2, 134.1, 134.3, 137.8, 137.9 (phenyl
ring carbons). Anal.’® Caled for (C;gHySis),: C, 71.57; H, 7.51.
Found: C, 66.63; H, 7.16.

Electrolysis of 1 with the Use of Tetraphenylborate.
1,2-Bis(chloromethylphenylsilyl)ethane (1) (1.20 g, 3.564 mmol)
was electrolyzed using (TBA)BPh, (0.51 g) in 25 mL of DME until
12.4 mF (3.5 F mol™) of electricity was supplied. Treatment of
the electrolyzed solution with LiAlH, (0.12 g) and reprecipitation
of the product from ethanol gave poly(1,2-dimethyl-1,2-di-
phenyldisilanylene)ethylene (2) (0.12 g, 13% yield, 7% ce): M,
= 61000 (M,/M, = 16); IR 3047, 2110, 1426, 1247, 1106, 772, 732,
698 cm™!; 'H NMR 5 (CDCl,) 0.16, 0.20 (two s, 6 H, SiMe), 0.57
(s, 4 H, CHy), 7.11-7.37 (m, 10 H, phenyl ring protons); *C NMR
5 (CDCly) -6.38 (SiMe), 6.31 (CH,), 127.6, 128.3, 134.0, 137.8, 137.9
(phenyl ring carbons). Anal. Caled for (C;gHySis),: C, 71.57;
H, 7.51. Found: C, 71.13; H, 7.28.

Similarly, the electrolysis of 1 (1.02 g, 3.01 mmol) was carried
out with a supply of 37.2 mF (12.4 F mol™) of electricity.
Treatment of the electrolyzed solution with LiAlH, (0.10 g) and
reprecipitation of the product from ethanol gave 2 (0.14 g, 17%
yield, 3% ce): M, = 120000 (M,/M,, = 8.0); IR 3066, 1426, 1247,
1105, 771, 732, 698 cm™'; 'H NMR 6 (CDCl;) 0.15, 0.19 (two s, 6
H, SiMe), 0.56 (s, 4 H, CH,), 7.11-7.23 (phenyl ring protons); 1*C
NMR é (CDCl,) -6.34 (SiMe), 6.33 (CH,), 127.6, 128.3, 134.1, 137.8,
138.0 (phenyl ring carbons); 2Si NMR (CDCly) 5 -18.40.

Electrolysis of 6 with the Use of Tetraphenylborate.
1,2-Bis[chloromethyl(p-tolyl)silyl]ethane (6) (0.78 g, 2.12 mmol)
was electrolyzed using (TBA)BPh, (0.51 g) in 25 mL of DME until
27.2 mF (12.8 F mol™) of electricity was supplied. Treatment
of the electrolyzed solution with LiAlH, (0.18 g) and reprecipi-
tation of the product from ethanol gave poly([1,2-dimethyl-1,2-
bis(p-tolyl)disilanylene]ethylene (7) (0.34 g, 54% yield, 8% ce):
M, 18000 (M,/M, = 10); 'H NMR (CDCl;) 4 0.09-0.35 (br m, 6
H, SiMe), 0.55 (br s, 4 H, CH,), 2.33 (br s, 6 H, p-Me), 6.90-7.60
(br m, 8 H, phenyl ring protons); 13C NMR (CDCl,) § -6.12, -6.09
(SiMe), 6.54 (CH,), 21.46 (p-Me), 128.01, 128.50, 133.41, 134.18,
134.36, 137.84 (phenyl ring carbons); 2Si NMR (CDCl;) 5 -18.67;
IR 2955, 2915, 2110, 1602, 1249, 1100, 770 cm™..

Similarly, electrolysis of 6 (1.02 g, 2.76 mmol) was carried out
with supply of 49.3 mF (17.9 F mol™?) of electricity. Treatment
of the electrolyzed solution with LiAlH, (0.15 g) and reprecipi-
tation of the product from ethanol gave 7 (0.36 g, 44% yield, 5%
ce): M, 25000 (M./M, = 10); 'H NMR (CDCly) 4 0.05-0.35 (br
m, 6 H, SiMe), 0.56 (br s, 4 H, CH,), 2.33 (br s, 6 H, p-Me),
7.00-7.50 (br m, 8 H, phenyl ring protons); 1*C NMR (CDCl;) §
—-6.18, -5.98 (SiMe), 6.53 (CH,), 21.45 (p-Me), 128.46, 128.59,
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133.37, 134.16, 134.38, 137.80 (phenyl ring carbons); IR 2953, 2917,
2109, 1602, 1248, 1099, 770 cm™. Anal. Calcd for (CysH0,Siy),:
C, 72.90; H, 8.16. Found: C, 72.83; H, 8.06.

Analysis of Products with Low Molecular Weight. In
order to check oligomers formed during the electrolysis, chloro-
silane 6 (0.822 g, 2.24 mmol) was electrolyzed with a supply of
23.6 mF (10.5 F mol™) of electricity in the same manner as above.
After the electrolyzed solution was treated with LiAlH, (0.10 g),
products were extracted with ether and reprecipitated from
ethanol to give polymer 7 (0.297 g, 45% yield, 9% ce) of M, =
10000 (M,/M,, = 4.6), whose spectral data were the same as those
obtained in the above runs. The mother liquid was concentrated,
and the resultant mixture (0.421 g) was purified by recycling-GPC.
Oligomers of 7 were isolated as oils (0.345 g, 1.16 mmol calculated
as CygH,,Si5, 52% yield, 9% ce): M, = 2600 (M,/M, = 2.7); 'H
NMR (CDCly) 6 0.10-0.40 (br m, 6 H, SiMe), 0.70-1.00 (br m, 4
H, CH,), 2.35 (br s, 6 H, p-Me), 4.33 (br s, 0.28 H, SiH), 7.00-7.69
(m, 8 H, phenyl ring protons); *C NMR (CDCl,) 5 -5.98 (MeSi),
6.54 (CH,), 21.46 (p-Me), 127.7, 128.5, 128.7, 134.2, 134.4, 138.0
(phenyl ring carbons); IR 2956, 2919, 2109 (vg;yy), 1602, 1250, 1108,
797, 700 cm™L,

Reaction of 1 with Sodium Dispersion. In a 200-mL
three-necked flask fitted with a mechanical stirrer, dropping
funnel, and reflux condenser was placed sodium metal (0.89 g,
39 mmol) and 50 mL of dry toluene. The contents of the flask
were heated to reflux under an atmosphere of nitrogen and stirred
vigorously to prepare sodium dispersion. The mixture was cooled,
and toluene was replaced with 50 mL of benzene. The flask was
immersed into ice water taken in a sonication bath (35 kHz, 225
W), and chlorosilane 1 (6.0 g, 17.7 mmol) was added dropwise to
the mixture with stirring and irradiation of ultrasonic waves over
a period.of 30 min at 10-5 °C. The mixture was stirred under
the same conditions for 10 h and then hydrolyzed with ethanol
and water. The organic layer was separated, and the aqueous layer
was extracted with chloroform. The combined extracts were
filtered and concentrated. The resulting solid was purified twice
by reprecipitation from chloroform-ethanol and chloroform-2-
propanol to give poly(l,2-dimethyl-1,2-diphenyldisilanylene)-
ethylene (2) (2.8 g, 59% yield): M, = 265000 (M,/M,, = 2.5); 'H
NMR ¢ (CDCl,) 0.15, 0.18 (two s, 6 H, SiMe), 0.55 (s, 4 H, CH,),
7.07-7.26 (m, 10 H, pheny! ring protons); *C NMR & (CDCl,) —6.36
(SiMe), 6.29 (CH,), 127.6, 128.3, 134.1, 137.8, 137.9 (phenyl ring
carbons).
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