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ABSTRACT: Synthesis and anionic polymerization of 1,1-dimethyl-3-(1-naphthylmethyl) silacyclobutane (3-NMSB), 
3-(4-biphenylmethyl)-1,1-dimethylsilacyclobutane (3-BMSB), and 1,1-dimethyl-3-(1-naphthyl)silacyclobutane (3-NSB) 
were investigated. 3-NMSB, 3-BMSB, and 3-NSB were synthesized by hydrosilation of 3-chloro-2-(1-naphthylmethyl)-1-
propene, 3-chloro-2-(4-biphenylmethyl)-1-propene, or 3-chloro-2-(1-naphthyD-1-propene with chlorodimethylsilane fol
lowed by a treatment with magnesium, respectively. Butyllithium-induced polymerization of 3-NMSB, 3-BMSB, and 3-
NSB under a condition of [M]of[I] 0 =20/1 ([M] 0 and [1] 0 are the initial concentrations of monomer and initiator) in THF at 
-78°C was carried out. Poly(3-NMSB) (M

0
=3500, MJM

0
=1.21), poly(3-BMSB) (M

0
=4600, MJM0 =1.09, and poly(3-

NSB) (M
0
=3200, MJM0 =l.l6, where M 0 and Mw were estimated by GPC using polystyrene as standards) were ob

tained. By differential scanning calorimetry (DSC) measurements, glass transition temperatures (Tgls were determined 
at 17°C for poly(3-NMSB), 28°C for poly(3-BMSB), and 39°C for poly(3-NSB). 
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Polycarbosilanes have recently received much atten
tion as a new series of functional polymers.1 Ring
opening polymerization of silacyclobutane is one of the 
most promising techniques to synthesize well-defined 
polycarbosilanes. 2 The physical properties of those poly
mers are strongly affected by the substituents on the 
backbones, which consist of flexible silicon-carbon and 
carbon-carbon bonds. Among many polysilacyclobutane 
derivatives, polymers bearing a substituent at the 3-
position are quite intriguing because they are considered 
as formal equivalents to alternating copolymers of silyle
nemethylene and vinyl monomer. We have already re
ported the facile methods to prepare 3-substituted 
polysilacyclobutane such as poly(3-methylenesilacyclo
butane)3 and poly(3-phenylsilacyclobutane).4 From the 
viewpoint of material science, aromatic substituents 
such as phenyl, naphthyl, and biphenyl groups are of 
particular interest. In this study, we prepared silacy
clobutanes having 1-naphthylmethyl, 4-biphenylmethyl, 
and 1-naphthyl groups at the 3-position and examined 
their anionic polymerization. The obtained polymers are 
structurally equal to alternating copolymers of dimeth
ylsilylenemethylene with 1-allylnaphthalene, 4-allylbi
phenyl, and 1-vinylnaphthalene, respectively (Figure 1). 

EXPERIMENTAL 

Materials 
3-Chloro-2-chloromethyl-1-propene was purchased 

from Aldrich, magnesium, 1,2-dibromoethane, hexachlo
roplatinic acid, 1-bromonaphthalene, 4-bromobiphenyl, 
triphenylphosphine, tetrachloromethane, lithium, and 
butyllithium hexane solution from Wako Pure Chemical 
Industry, chlorodimethylsilane from Shin-Etsu Chemi
cal, t-butylhydroperoxide (70 wt% solution), selenium di-

tTo whom correspondence should be addressed. 

oxide, salicylic acid from Nacalai Tesque, and used as 
delivered. Tetrahydrofuran (THF) and diethyl ether 
were freshly distilled over sodium benzophenone ketyl 
under argon atmosphere before use. Lithium naphtha
lene was prepared by treatment of naphthalene with 
lithium metal in THF. 1-Isopropenylnaphthalene was 
prepared as reported.5 

Measurements 
Gel-permeation chromatography was carried out in 

chloroform on a JASCO 880-PU chromatograph 
equipped with four polystyrene gel columns (Shodex K-
802, K-803, K-804, and K-805; exclusion limit= 5 X 103, 7 
X 104, 4X 105

, and 4X 106, respectively) and JASCO 830-
RI refractive index detector. Molecular weights of the 

poly(3-NMSB) poly(3-BMSB) 

poly(3-NSB) 

Figure 1. Chemical structures of polysilacyclobutanes bearing 
aromatic groups at the 3-position. 

t t Present address: Department of Material Science, School of Engineering, University of Shiga Prefecture, 2500 Hassaka, Hikone 522-8533, Japan. 
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polymers were calibrated with polystyrene standards. 
1H and 13C NMR spectra were recorded on a JEOL GSX 
270 spectrometer in CDC13. Tetramethylsilane was used 
as the internal standard for NMR measurement. IR 
spectra were measured on a JASCO IR-810 spectrome
ter. Differential scanning calorimetry (DSC) measure
ments were performed on a MAC Science DSC 3100 at-
100 to + 150°C and found to be reproducible with no ap
parent hysteresis over three heating and two cooling 
scans at l0°C min - 1. 

Preparation of 3-Chloro-2-(1-NaphthylmethylJ-1-Propene 
A magnetic stirring bar and magnesium were charged 

in a three-necked 200 mL round- bottomed flask equipp
ed with a reflux condenser, dropping funnel, rubber sep
tum and rubber balloon. The flask was filled with argon. 
A THF (50 mL) solution of 1-bromonaphthalene (6.95 g, 
50.0 mmol) was slowly added to the magnesium (1.34 g, 
55.0 mmol). Then, an exothermic reaction occurred. Af
ter stirring for 2 h, 1-naphthylmagnesium bromide solu
tion thus prepared was added to a diethyl ether (60 mL) 
solution of 3-chloro-2-(chloromethyl)-l-propene (6.94 
mL, 60.0 mmol) at 0°C under an argon atmosphere. The 
mixture was stirred for 1 h at 0°C and 2 h at room tem
perature, and was poured into ice-cooled IM HCl. The 
products were extracted with diethyl ether (100 mL X 3), 
dried over anhydrous Na2SO4, and concentrated. The re
sidual oil was distilled under reduced pressure to give 
the title compound (7.00 g, 32.5 mmol) in 65% yield. Bp 
120-125°C / 0.5 Torr. IR (neat) 3042, 2946, 2916, 1597, 
1510, 1442, 1397, 1259, 909,790,775, 659cm- 1

.
1H 

NMR (CDC13)8 3.96 (s, 2H), 4.05 (s, 2H), 4.82 (s, lH), 
5.22 (s, lH), 7.31-7.50 (m, 4H), 7.73-8.05 (m, 3H). 13C 
NMR (CDC13)8 36.81, 48.20, 116.76, 124.13, 125.44, 
125.57, 125.90, 127.40, 127.61, 128.61, 132.14, 133.83, 
134.17, 144.05. Anal. Calcd. for C14H 13Cl: C, 77.59%; H, 
6.05%. Found: C, 77.75%; H, 6.12%. 

Synthesis of 1, 1-Dimethyl-3-(1-Naphthylmethyl)silacy
clobutane (3-NMSB) 

A magnetic stirring bar and hexachloroplatinic acid 
(10 mg) were charged in a two-necked 100 mL round
bottomed flask equipped with a reflux condenser, drop
ping funnel, and rubber balloon. The flask was filled 
with argon. While heating with a heat gun to 60°C, a 
mixture of 3-chloro-2-(1-naphthylmethyl)-l-propene 
(7.00 g, 32.5 mmol) and chlorodimethylsilane (11.0 mL, 
99 mmol) was slowly added to the catalyst, then an exo
thermic reaction occurred. After the addition was com
pleted, the mixture was stirred for 2 h at 60 °C. Then, the 
excess chlorodimethylsilane was removed under reduced 
pressure to give residual oil. The main product was 3-
chloro-2-( 1-naphthylmethy 1 )propylchlorodimethylsilane, 
which was used for further transformation without puri
fication. A magnetic stirring bar and magnesium (1.21 g, 
60 mmol) were charged in another three-necked round
bottomed flask equipped with a reflux condenser under 
argon atmosphere. Tetrahydrofuran (5 mL) and 1,2-
dibromoethane (0.3 mL) were added and the mixture 
was heated with a heat gun to activate the magnesium. 
After an exothermic reaction, a solution of crude 3-
chloro-2-( 1-naphthylmethyl) propylchlorodimethylsilane 
prepared above in THF (60 mL) was slowly added over a 
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period of 10 min. The mixture was then heated to reflux 
and stirred for 1 h. The mixture was poured into ice
cooled IM HCl (200 mL) and the products were ex
tracted with hexane (200 mL). The organic layer was 
washed four times with water (200 mL) and dried over 
anhydrous Na2SO4 and concentrated. The residue was 
purified by silica-gel column chromatography to give the 
title compound (4.80 g, 19.7 mmol,) in 60% yield: IR 
(neat) 3040, 2852, 2900, 1510, 1395, 1247, 1129, 908, 
846, 775, 718, 650 cm- 1

. 1H NMR (CDC13)8 0.19 (s, 3H), 
0.28 (s, 3H), 0.71-0.87 (m, 2H), 1.05-1.18 (m, 2H), 2.52 
-2.73 (m, lH), 3.14 (d, J=7.3 Hz, lH), 7.25-7.54 (m, 
4H), 7.63-8.10 (m, 3H). 13C NMR (CDC13)8 -1.67, 1.63, 
21.68, 33.29, 45.18, 124.04, 125.18, 125.34, 125.43, 
126.30, 126.45, 128.62, 131.98, 133.79, 137.44. Anal. 
Calcd. for C16H20Si: C, 79.93%; H, 8.39%. Found: C, 
80.19%; H, 8.50%. The monomer was dried by heating at 
60°C for 2 h under vacuum pressure before polymeriza
tion. 

Preparation of 3-Chloro-2-(4-Biphenylmethyl)-1-Propene 
A tetrahydrofuran (100 mL) solution of 4-bromobi

phenyl (14.00 g, 60.0 mmol) was slowly added to the 
magnesium (1.70 g, 70.0 mmol). After stirring for 2 h, 1-
naphthylmagnesium bromide solution thus prepared 
was added to a <l:iethyl ether (70 mL) solution of 3-chloro-
2-(chloromethyl)-1-propene (8.00 mL, 71.0 mmol) at 0°C 
under an argon atmosphere. The mixture was stirred for 
1 hat 0°C and 2 hat room temperature. Then resultant 
mixture was poured into ice-cooled IM HCl, and the 
products were extracted with diethyl ether (200 mL X 3), 
dried over anhydrous Na2SO4, and concentrated. The re
sidual oil was distilled under reduced pressure to give 
the title compound (7.96 g, 32.8 mmol) in 55% yield. Bp 
130-135°C I 0.5 Torr. IR (neat) 3050, 3026, 1644, 1488, 
1437, 1407, 1253, 925, 905, 758, 735, 688 cm- 1

. 
1H NMR 

(CDC13)8 3.55 (s, 2H), 3.99 (s, 2H), 5.03 (s, lH), 5.22 (s, 
lH), 7.22-7.62 (m, 9H). 13C NMR (CDC13)8 39.33, 
47.41, 116.23, 126.94, 127.12, 127.19, 128.70, 129.42, 
137.38, 139.41, 140.82, 144.54. Anal. Calcd. for C16H15 

Cl: C, 79.17%; H, 6.23%. Found: C, 79.28%; H, 6.33%. 

Synthesis of 1,1-Dimethyl-3-(4-Biphenyl)methylsilacy
clobutane (3-BMSB) 

A magnetic stirring bar and hexachloroplatinic acid 
(10 mg) were charged in a two-necked 100 mL round
bottomed flask equipped with a reflux condenser, drop
ping funnel, and rubber balloon. The flask was filled 
with argon. While heating with a heat gun to 60'C, a 
mixture of 3-chloro-2-( 4-biphenylmethyl )-1-propene 
(7.04 g, 29.0 mmol) and chlorodimethylsilane (6.00 mL, 
54.0 mmol) were slowly added to the catalyst, then an 
exothermic reaction occurred. After the addition was 
completed, the mixture was stirred for 2 h at 60'C. The 
excess chlorodimethylsilane was then removed under re
duced pressure to give a residual oil. The main product 
was 3-chloro-2-(4-naphtylmethyl)propylchlorodimethyl
silane, which was used for further transformation with
out purification. A magnetic stirring bar and magnesium 
(1.46 g, 60 mmol) were charged in another three-necked 
round-bottomed flask equipped with a reflux condenser 
under argon atmosphere. Tetrahydrofuran (5 mL) and 
1,2-dibromoethane (0.3 mL) were added to the magne-
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sium, and the mixture was heated with a heat gun to ac
tivate the magnesium. After an exothermic reaction, a 
solution of crude 3-chloro-2-( 4-biphenylmethyl)propyl
chlorodimethylsilane prepared above in THF (60 mL) 
was slowly added over a period of 10 min. The mixture 
was then heated to reflux and stirred for 1 h. The mix
ture was poured into ice-cooled lM HCl (200 mL) and 
the products were extracted with hexane (200 mLX3), 
washed four times with water (200 mL) and dried over 
anhydrous Na2SO4 and concentrated. The residue was 
purified by silica-gel column chromatography to give the 
title compound (5.02 g, 18.9 mmol,) in 65% yield: IR 
(neat)3022,2952,2902, 1486, 1247, 1129,906,851,808, 
761, 737, 696 cm- 1. 1H NMR (CDC13)5 0.24 (s, 3H), 0.28 
(s, 3H), 0.65-0.79 (m, 2H), 1.08-1.21 (m, 2H), 2.34-
2.56 (m, lH), 2.73 (d, J=7.3 Hz, 2H), 7.20-7.65 (m, 
9 H). 13C NMR (CDC13)5 -1.62, 1.58, 21.30, 34.21, 
47.71, 126.73, 126.82, 126.88, 128.61, 129.17, 138.37, 
140.66, 141.09. Anal. Calcd. for C18H22Si: C, 81.14%; H, 
8.32%. Found: C, 81.26%; H, 8.45%. 

Preparation of 2-(1-Naphthyl}-2-Propen-1-0l 
The method for oxidation of isopropenylbenzene re

ported by K. B. Sharpless et al.6 was applied to the syn
thesis. To a 500-mL round-bottomed flask, dichlo
romethane (64 mL), salicylic acid (2.86 g, 20.7 mmol), se
lenium dioxide (1.16 mg, 10.5 mL), and a magnetic stir
ring bar were charged. 87 g (ca. 67%, 744 mmol) oft

butylhydroperoxide was added, and the flask was im
mersed in a water bath. Then 30.2 g (180 mmol) of 1-
isopropenylnaphthalene was slowly added. After stirring 
for 3 days, 200 mL of benzene was added and the volatile 
solvents were evaporated. The residue was dissolved in 
diethyl ether (300 mL) and poured into lM aqueous 
NaOH solution and the organic layer was washed with 
water three times and concentrated. The products were 
dissolved in acetic acid (80 mL), then dimethyl sulfide 
(40 mL) was slowly added at 0°C. The resulting solution 
was carefully neutralized with saturated aqueous 
Na2CO3 solution and the products were extracted with 
diethyl ether (300 mL X 3). The solution was dried over 
anhydrous Na2SO4 and concentrated. The residue was 
dissolved in methanol (80 mL) and NaBH4 (1.50 g, 40 
mmol) was added at 0°C and the mixture was stirred for 
1 h. The resulting mixture was poured into lM aqueous 
HCl (200 mL). The products were extracted with diethyl 
ether (200 mLX3), dried over anhydrous Na2SO4 and 
concentrated. Distillation of the residue gave the title 
compound (17.2 g, 93.6 mmol) in 52% yield. Bp 115-125 

°CI 0. 7 Torr. IR (neat) 3285 (broad OH), 3054, 2914, 
2852, 1591, 1507, 1447, 1400, 1138, 1049, 912,801,775 
cm- 1. 

1H NMR (CDC13)5 1.50-1.85 (broad s, lH), 4.46 
(s, 2H), 5.26 (s, lH), 5.70 (s, lH), 7.20-7.60 (m, 4H), 
7.74-8.15 (m, 3H). 13C NMR (CDC13)5 66.69, 114.79, 
125.14, 125.32, 125.61, 125.78, 126.04, 127.78, 128.27, 
131.42, 133.62, 137.84, 147.69.Anal. Calcd. for C13H12O: 
C, 84.75%; H, 6.57%. Found: C, 84.73%; H, 6.62%. 

Preparation of 3-Chloro-2-(1-Naphthyl}-l-Propene 
The chlorination method of allylic compounds reported 

by J. G. Calzada et al.7 was applied to the synthesis. To a 
solution of triphenylphosphine (25.6 g, 98 mmol) in car
bon tetrachloride (66 mL) was added 13.6 g (74 mmol) of 
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2-(1-naphthyl)-2-propen-1-ol, and the mixture was heat
ed at 70°C for 1 h under argon atmosphere. After the so
lution had been cooled to room temperature, 100 mL of 
hexane was added and the precipitated triphenylpho
sphine oxide was removed by filtration. The filtrate was 
concentrated and distilled to give the title compound 
(13.6 g, 67.0 mmol) in 90% yield. Bp 70-75°C / 0.5 Torr. 
IR (neat) 3042, 1591, 1508, 1439, 1262, 929, 802, 778, 
753 cm - 1. 1H NMR (CDC13)5 4.43 (s, 2H), 5.35 (s, lH), 
5.83 (s, lH). 7.25-7.58 (m, 4H), 7.72-8.03 (m, 3H). 13C 
NMR (CDC13)5 48.57, 119.65, 125.11, 125.84, 125.95, 
126.21, 128.13, 128.38, 131.25, 133.63, 137.38, 143. 78. 
Anal. Calcd. for C13H11Cl: C, 77.04%; H, 5.47%. Found: 
C, 77.22%; H, 5.62%. 

Synthesis of 1, 1-Dimethyl-3-(1-Naphthyl)silacyclobutane 
(3-NSB) 

A magnetic stirring bar and hexachloroplatinic acid 
(10 mg) were charged in a glass tube equipped with a 
Teflon screw-cock. A mixture of 3-chloro-2-(1-naphthyl)-
1-propene (9.52 g, 47.0 mmol) and chlorodimethylsilane 
(6.22 mL, 56.0 mmol) was added and the tube was sealed 
under vacuum pressure. The mixture was heated to 60°C 
for 5 h. Then, the excess chlorodimethylsilane was re
moved under reduced pressure to give a mixture of 3-
chloro-2-( 1-naphthyl)propylchlorodimethylsilane, 1-iso
propenylnaphthalene, and 2-( 1-naphthyl)propylchlorodi
methylsilane with catalyst residue. This mixture was 
used for further transformation without purification. A 
magnetic stirring bar and magnesium (1.63 g, 67 mmol) 
were charged in a three-necked round-bottomed flask 
equipped with a reflux condenser under argon atmos
phere. Tetrahydrofuran (10 mL) and 1,2-dibromoethane 
(0.3 mL) were added, and the mixture was heated with a 
heat gun to activate the magnesium. After an exother
mic reaction, a solution of crude 3-chloro-2-(1-naphthyl)
propylchlorodimethylsilane prepared above in THF (90 
mL) was slowly added over a period of 15 min. The mix
ture was then heated to reflux and stirred for 1 h. The 
mixture was poured into ice-cooled lM HCl (200 mL) 
and the products were extracted with hexane (200 mLX 
3), washed four times with water (200 mL), dried over 
anhydrous Na2SO4 , and concentrated. The residue was 
purified by silica-gel column chromatography to give the 
title compound (1.55 g, 5.80 mmol,) in 10% yield from 3-
chloro-2-(1-naphthyl)-1-propene: IR (neat) 3045, 2960, 
2908, 1593, 1508, 1396, 1248, 1115, 860, 799, 770 cm- 1

. 

1H NMR (CDC13)5 0.18 (s, 3H), 0.27 (s, 3H), 1.31-1.50 
(m, 2H), 1.60-1.77 (m, 2H), 4.20(tt, J=8.1, 11.0 Hz, 
lH), 7.42-7.65 (m, 4H), 7.73 (d, J=8.l Hz, lH), 7.89 (d, 
J=7.3 Hz, lH), 8.17 (d, J=8.1 Hz, lH). 13C NMR (CDC13) 

5-2.04, 1.26, 22.35, 33.75, 121.39, 124.16, 125.17, 
125.31, 125.47, 126.09, 128.62, 131.07, 133.86, 144.47. 
Anal. Calcd. for C15H18Si: C, 79.58%; H, 8.01 %. Found: 
C, 79.28%; H, 8.23%. 

Polymerizations 
In a 50-mL round-bottomed flask equipped with a 

magnetic stirring bar, rubber septum, and rubber bal
loon, was placed THF (6 mL) under argon atmosphere. 
The solvent was titrated with a THF solution of lithium 
naphthalene to eliminate all reactive impurities. After 
the mixture was cooled to -78"C, butyllithium (1.00 M 
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Mg 

Cll 

Cl~ Q ~Br u -
THF 

cat. H2PtCl6•6H2O 

1 

Mg --THF 

60% from 1 3-NMSB 

Mg -----THF 

Scheme 1. 

65% from 2 

Scheme 2. 

SiMe2CI 

Cl 

2 

hexane solution, 0.15 mmol) was added, followed by sila
cyclobutane monomer (3.0 mmol). The reaction mixture 
was stirred for the designated period. Water (0.5 mL) 
was added to terminate the polymerization. The result
ing mixture was poured into water (50 mL) and ex
tracted with toluene (50 mL). The organic layer was 

washed with water (50 mL) and dried over anhydrous 

Na2S04. The volatile fractions were removed by evapora

tion. Monomer conversion was determined by 1H NMR 
measurement of the crude products. The products were 
dissolved in a small amount of toluene and precipitated 
into excess methanol. The precipitate was dried in vacuo 
to give a poly(silacyclobutane). 

Poly ( 1, 1-dimethyl-3-( 1-naphthylmethyl)silacyclobutane) 
(poly(3-NMSB)) 

IR (nujol) 1248, 838, 792, 770, 723 cm- 1. 1H NMR 
(CDC13) 8-0.29-0.02 (m, 6nH), 0.25-0.63 (m, 4nH), 
0.70-0.88 (m, 6H), 1.02-1.30 (m, 4H), 1.88-2.20 (m, 
nH), 2.58-2.98 (m, 2nH), 6.96-8.02 (m, 7nH). 13C NMR 
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yf
l OH 

t-BuOOH I Se02 

CH2Cl2 I 
52% 

ti' 
89% I 3 

10% from 3 

Scheme 3. 

3-NSB 

(CDC13)8 - 1.33, -O.94, -0.66, 25.48, 32.05, 43.38, 

123.92, 125.09, 125.29, 126.35, 127.11, 128.59, 132.23, 

133.71, 137.58. Anal. Calcd. for C292H370Si18: C, 79.97%; 
H, 8.50%. Found: C, 79.71%; H, 8.63%. 

Poly ( 1, 1-dimethyl-3- ( 4-biphenylmethyl) silacyclobutane) 
(poly(3-BMSB)) 

IR (nujol) 1248, 845, 760, 750, 723, 697 cm - 1. 1H NMR 
(CDC13) 8-0.12-0.15 (m, 6nH), 0.38-0.78 (m, 4nH), 
0.82-0.93 (m, 6H), 1.12-1.36 (m, 4H), 1.78-2.02 (m, 
nH), 2.32-2.66 (m, 2nH), 6.98-7.67 (m, 9nH). 13C NMR 
(CDC13)8 -1.23, -O.83, -O.51, 24.72, 24.81, 32.95, 

46.23, 126.68, 126. 79, 128.62, 129.54, 138.26, 140. 71, 

140.85. Anal. Calcd. for C346H42sSi19: C, 81.15%; H, 
8.42%. Found: C, 80. 72%; H, 8.56%. 

Poly (1,l-dimethyl-3- (1-naphthyl) silacyclobutane) (poly
(3-NSB)) 

IR (nujol) 1248, 1168, 870, 838, 770, 723. 1H NMR 
(CDC13) 8-0.90--0.25 (m, 6nH), 0.40-1.34 (m, (4n+ 

lO)H), 2.80-3.10+3.25-3.58 (m, nH), 6.82-8.03 (m, 

7nH). 13C NMR (CDC13)8 -2.25, -1.88, 28.98, 29.87, 
30.02, 30.20, 122.80, 123.41, 124.94, 125.35, 125. 73, 
126.68, 128.82, 130.65, 133.66, 145.57. Anal. Calcd. for 

C289H352Si19: C, 79.62%; H, 7.14%. Found: C, 79.16%; H, 
8.20%. 

RESULTS AND DISCUSSION 

Synthesis of 3-NMSB, 3-BMSB, and 3-NSB 
Schemes 1 and 2 show the synthetic routes of 3-NMSB 

and 3-BMSB. These monomers were synthesized via 

three steps with relatively good yields. The addition of 
Grignard reagents to 3-chloro-2-chloromethyl-l-propene 
was the key step. By adding Grignard reagents to a di
ethyl ether solution of 3-chloro-2-chloromethyl-1-prope
ne, 1:1 adducts were predominantly obtained with small 

amount of 2:1 adducts, which were easily separated by 
distillation. These compounds were effectively trans
formed into chlorosilanes by hydrosilation with chlorodi-
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Figure 2. 1H NMR spectrum ofpoly(3-NMSB) in CDCl3 . 
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Figure 3. 1H NMR spectrum ofpoly(3-BMSB) in CDCl3. 

methylsilane and the crude compounds were exposed to 
magnesium without purification to give 3-NMSB and 3-
BMSB, respectively. The overall yields of 3-NMSB and 
3-BMSB were 39% and 36%, respectively. 

Compared with the synthesis of the above monomers, 
that of 3-NSB was somewhat difficult (Scheme 3). 2-(1-
Naphthyl)-3-chloro-1-propene was prepared by oxidation 
and chlorination of 1-isopropenylnaphthalene. Hydrosi
lation of the compound with chlorodimethylsilane gave 
the desired chlorosilane but in very low yield. The main 
product of the hydrosilation was reduction product, 1-
isopropenylnaphthalene. The hydrosilated product was 
treated with magnesium to provide 3-NSB. The overall 
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yield of 3-NSB from 1-isopropenylnaphthalene was 
4.6%. 

Polymerization of 3-NMSB, 3-BMSB, and 3-NSB 
3-NMSB, 3-BMSB, and 3-NSB were polymerized in 

THF at -78°C using butyllithium as an initiator. The 
results are summarized in Table I. During the polymeri
zation, the color of each solution turned yellow to dark 
red, indicating that the electron transfer from the propa
gating anion to aromatic group of the polymer might oc
cur. It took more than 4 h to attain approximately 90% 
monomer-conversion under a condition of [Mlo/[Ilo = 20/1 
and [Mlo= 1.0 M. Compared to the polymerization of 1,1-
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Figure 4. 1H NMR spectrum ofpoly(3-NSB) in CDC13. 

...... 
:i' 
..... 
._. 
.E 

2.5 

2 

1.5 

0.5 

0 

120 240 360 480 600 720 

Time (min) 

5---r-----------------, 

4 

c:, 
0 3 ,-

>< 

':i:.c 2 ...... 

... 1.6 ':JS:. 

1.4 

• 1.2 

0-111-,-,.,..,.,,.,..,.,...~~~~,-,.,..,.,..,.,...~~~1 

0 1 0 20 30 40 so 60 70 80 901 00 

Conversion(%) 
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the polymerization of 3-NMSB under the condition of [M] 0 = 1.0 M, 
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Table I. Results ofbutyllithum-induced polymerization of 
3-NMSB, 3-BMSB, and 3-NSB" 

Time Conversion Mn Mn Mn Mw/Mn 
Monomer ~h-

% Calcd.b GPC' 1HNMRa GPC' 

3-NMSB 12 86 4200 3500 4000 1.22 
3-BMSB 6 94 5100 4600 5900 1.14 
3-NSB 4 92 4200 3200 1.16 

a Polymerization was carried out in THF at -78°C, [M] 0 = 1.0 M, 
[M]J[I] 0 = 20/1. b Calculated from the amount of consumed mono
mer to the initiator. ' Determined by GPC using polystyrene 
standards. d Determined by 1H NMR measurements. 

dimethyl-3-phenylsilacyclobutane in THF at - 78°C un
der a condition of [M]of[Ilo=20/1, [M]o=500 mM, which 
was completed within 1 h,4 polymerization rates of these 
monomers were considerably slow. This might be caused 
by the electron transfer or by large steric hindrance 
around the active species. Nevertheless, the number
average molecular weight (Mn) of the obtained polymer 
estimated by GPC relative to polystyrene standards was 
almost the same as that calculated from the amount of 
consumed monomer to an initiator. 

Figures 2-4 show the 1H NMR spectra of the ob
tained polymers. Assignments of the signals are given in 
the figures. In all cases, three methyl signals due to the 
methyl groups on the silicon atoms were observed, indi
cating the formation of atactic polymers. In the spectra 
of poly(3-NMSB) and poly(3-BMSB), both initiation end 
and termination end methyl groups (i andj) were seen 
clearly around 0.8 ppm. The Mns estimated from the in
tegral ratios of the internal methylene groups around 
0.5 ppm to the end groups at 0.8 ppm were 4000 for poly
(3-NMSB) and 5900 for poly(BMSB) respectively, which 
were in good agreement with Mns calculated from the ra
tios of the consumed amount of monomers to the initia
tor. The end group signals were not observed so clearly 
in the case of poly(3-NSB) that Mn could not be esti
mated by 1H NMR measurement for the polymer. 

Figures 5A and 6A show the ln([M]of[M])-time rela
tion in the polymerization of 3-NMSB and 3-BMSB. Lin
ear relations ofln([Mlo/[M])-time indicate no serious ter
mination in the polymerization. Figures 5B and 6B show 
the Mn -monomer conversion relations in the polymeriza
tion of 3-NMSB and 3-BMSB along with M)Mn-mono
mer conversion relations. Linear relations of Mn-mono
mer conversion were observed in both polymerizations, 
indicating no rapid chain-transfer in the polymeriza
tions. We have not confirmed those relationships for 3-
NSB yet because a sufficient amount of the monomer 
could not be obtained for this experiment. The results in 
Figures 5 and 6 may suggest a living nature of the po
lymerization of 3-NMSB and 3-BMSB, however, we 
should not conclude that these polymerizations were liv
ing because of the following two reasons. 1. The Mns of 
the polymers shown in the figures were estimated rela
tive to polystyrene standards and did not represent the 
actual molecular weight. 2. The [M]of[I] 0 in these experi
ments was merely twenty and not large enough to detect 
the effect of side reactions. More precise experiments un -
der larger [Mlo/[1] 0 condition or sequential monomer ad
dition experiments were needed to discuss the living na
ture. 
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Figure 7. GPC traces for the second heating scan at l0°C min-, 
(upper curves) and DDSC curves for the second heating scan 
(lower curves). A: poly(3-PSB), B: poly(3-NMSB), C: poly(3-BNSB), 
D: poly(3-NSB). 

Differential Scanning Calorimetry (DSC) Measurement 
of Aromatic Group Substituted Polysilacyclobutanes 

DSC of the naphthyl or biphenyl-substituted polymers 
synthesized above was taken. Glass transition of the 
polymers was observed around room temperature. Glass 
transition temperatures (Tg)s were determined at 17°C 
for poly(3-NMSB), 28°C for poly(3-BMSB), and 39°C for 
poly(3-NSB), from the inflection point on the second 
DSC heating curve by the differential calculus of DSC 
curves (DDSC). The charts are given in Figure 7. For 
comparison, the DSC chart of poly(l,1-dimethyl-3-phe
nylsilacyclobutane) (poly(3-PSB), Mn=4100, M)Mn= 
1.11) reported previously4 is also shown in the figure. 
Poly(3-NMSB), poly(3-BMSB), and poly(3-NSB) had 
much higher Tgs than the poly(l,1-dimethyl-3-phenylsi
lacyclobutane). The backbone stiffness was clearly in
creased by introducing larger aromatic substitutents. 
The flexible silatrimethylene moieties can easily reflect 
the properties of the substituents. 

CONCLUSIONS 

We synthesized three aromatic-group-substituted sila
cyclobutanes, 1,1-dimethyl-3-(1-naphthylmethyl)silacy
clobutane, 3-( 4-biphenylmethyl)-1, 1-dimethylsilacyclo
butane, and 1, l-dimethyl-3-( 1-naphthyl)silacyclcobutane, 
and examined their anionic polymerization. The polym
erization of these monomers proceeded in a controlled 
manner to give the corresponding polysilacyclobutanes, 
which are considered structurally as alternating copoly
mer of dimethylsilylenemethylene and ally or vinyl aro
matics. DSC analysis revealed that polysilacylcobutanes 
synthesized here had relatively high Tgs compared to 
poly(3-phenylsilacyclobutane). These results demon-
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strated that the stiffness of the polymer backbone could 
easily be modified by the introduction of various aro
matic substituents. This may be one of the most remark
able advantages of the flexible polycarbosilanes. 
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