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Reaction of o-dichlorobenzene with dirnethylrnethoxychlorosilane 
and sodiam leads to the isolation of dimethyl(o-ehlorophenyl) 
methoxysilane, o-bis(bimethylmethoxysilyl)benzene, 1, 1, 3, 3- 
tetramethyl-1, 3-disila-2-oxaindane, and 1, t-dimethyl-1- 
silatribenzocycloheptatriene. When t is polymerized with H2 SO4, 
the phenyl group is observed to split off. 

I t  is  of g r e a t  i n t e r e s t  to obta in  p o l y c a r b o s i l o x a n e s  
with a r e g u t a r  d i s t r i b u t i o n  of e l e m e n t s  a long the 
m o l e c u l e  ehain.  One rou te  to such p o l y m e r s  is  p o l y -  
m e r i z a t i o n  of cyc l i c  m o n o m e r s .  The p r e s e n t  work  
a i m e d  to p r e p a r e  1, 1, 3, 3 - t e t r a m e t h y l - 1 ,  3 - d i s i l a - 2 -  

~ s i ( c , ~ ) ~  p o l y m e r i z e  i t .  oxaindane,  ~o (I) and to 
v ~Si {CH3)~ / 

F o r  the s y n t h e s i s  of I we chose  the r e a c t i o n  of 
o - d i c h l o r o b e n z e n e  with d i m e t h y l m e t h o x y c h l o r o s i l a n e  
and sod ium in toluene o r  t e t r a h y d r o f u r a n .  When our  
work  was  s t a r t e d  this  compound had not been  d e s c r i b e d  
in the l i t e r a t u r e ,  and it was only when we had c h a r a c t e r -  
ized  it that  a pub l i ca t ion  a p p e a r e d  [1] on s y n t h e s i z i n g  it 
by r e a c t i n g  o - i o d i b r o m o b e n z e n e  with (CH3)2SiCI(H) 
and m a g n e s i u m ,  fol lowed by e s t e r i f i c a t i o n  and h y -  
d r o l y s i s .  

I nves t i ga t i on  showed the r e a c t i o n  p r o d u c t  to be 
a complex  m i x t u r e  of compounds  with a wide  bo i l i ng  
range ,  60 ~ (40 mm)  to 200" C (1 ram) .  Column d i s -  
t i l l a t ion  of the p r o d u c t s  of a few runs  gave  d ime thy l  
( o - c h l o r o p h e n y l ) m e t h o x y s i l a n e  and o - b i s ( d i m e t h y l -  
m e t h o x y s i l y l ) b e n z  ene.  

~ C  I 4-2(CH3)2Si(OCH3)C] 4-4Na 
I 

~ $i(CH3)2OCH3 + ~ SI(CHa)2OCH:D 

v "CI SI (CHa)2OCH3 
II I l l  

M a t e r i a l  with bp 950-97 ~ C (40 mm)  was a l so  
i s o l a t e d .  This  is  v e r y  c l o s e  to the bo i l ing  po in t  of 
II v iz .  87~ ~ (30 ram),  but  with a l m o s t  twice  the 
s i l i con  content  (23% i n s t e a d  of 13%), and m o r e  c a r b o n  
(60% in s t ead  of 54%). The IR s p e c t r u m  of th is  cut  
had an a b s o r p t i o n  band in the 930 cm -1 r eg ion ,  c h a r -  
a c t e r i s t i c  of the S i - - O - - S i  l ink in a 5 - m e m b e r e d  r ing .  
A f t e r  this  cut  had been  t r e a t e d  with aqueous  m e t h -  
anol  a t  r o o m  t e m p e r a t u r e ,  two s u b s t a n c e s  w e r e  
i so l a t ed :  1) bp 91~  ~ (20 ram),  which c r y s t a l l i z e d  
on s tanding ,  and 2) bp 175~176 ( 2 5 m m ) .  The IR 
s p e c t r u m  of s u b s t a n c e  1 showed (F ig .  1, a) a b s o r p -  
t ion bands  c o r r e s p o n d i n g  to the fo l lowing g roups :  
S i - - O - - S i  at  655 o r  697 and 933 cm-1 ;  S i - -Me  at  
1255 cm - ] ,  s y m m e t r i c  d e f o r m a t i o n  v ib ra t ion ,  2900 
and 2960 cm -1, va lence  v i b r a t i o n s  of C- -H;  Si--CGH 4 

1120 c m - i ; C 6 H  4 750, 3017, 3042, 3090 cm -1. The 
e l e m e n t a r y  a n a l y t i c a l  data ,  m o l e c u l a r  weight  found 
e x p e r i m e n t a l l y ,  and IR s p e c t r u m  of the f i r s t  sub -  
s t ance  iden t i f i ed  i t  as  I.  i t s  p h y s i c a l  cons tan t s  w e r e  
c l o s e  to those  given in the l i t e r a t u r e  [1]. The second  
subs t ance  was  a m i x t u r e  of l i n e a r  d i s i l o x a n e s  of the 
s t r u c t u r e  R~(R)2SiOSi(R)2R ', w h e r e  R and R ~ can be 
only Me, C~HsandC~H4C1. T h e i r  s p e c t r u m  (Fig.  lb )  
has  a b s o r p t i o n  bands  a t  1060 and 550 cm -1, be longing  
to Vas(S iOSi )and  vs(SiOSi);  1122, 3043, 3064, 3084 
c m  - I  be longing  to Si--C6Hs,  and 800 c m  - I  ( rocking  
v ibra t ion) ,  1258 cm -1 ( s y m m e t r i c  d e f o r m a t i o n  vi-  
b ra t ion ) ,  2900 and 2960 cm - I  (C--H va lence  v ib r a t i ons )  
belonging to--Si--CH3. 

A chromatrogam showed the 175~ ~ C (25 ram) 
cut to contain two compounds. 

Analysis of the substances boiling above 100 ~ (1 ram) 
indicates that reaction is complex. Addition of silyl 
groups was found to be accompanied by condensation 
of phenyl  g r o u p s .  In a l l  the runs  the 140"-200" (1 ram) 
cut  gave on s tand ing  a whi te  c r y s t a l l i n e  subs t ance ,  
m p  226~ ~ The e l e m e n t a r y  a n a l y s i s ,  found m o l e c -  
u l a r  weight ,  and p r o p e r t i e s  of th is  compound led  to 
i ts  be ing  a s c r i b e d  the s t r u c t u r e  1, 1 - d i m e t h y l - 1 -  
s i l a t r i b e n z o c y c l o h e p t a t r i e n e .  X - r a y  a n a l y s i s  gave 
o b j e c t i v e  c o n f i r m a t i o n  of the  s t r u c t u r e  IV. * The 

C H 3 ~ / C H  3 

Iv 

c r y s t a l s  ( f rom d i c h l o r o e t h a n e )  of t h i s  subs t ance  
be longed  to Pbcn  s p a c e  group,  wi th  p a r a m e t e r s  
a = 1 4 . 6 1 •  0.05, b =  15.21:~ 0.09, c = 6 . 8 9  • 0.05 ~k, 
wi th  4 m o l e c u l e s  in the uni t  c e l l .  The s t r u c t u r e  of 
the  mo lecu l e ,  wi th  a s p e c i a l  p o s i t i o n  a t  s y m m e t r y  
axis  2, was  found f r o m  e l e c t r o n  d e n s i t y  p r o j e c t i o n s ,  
and i s  c h a r a c t e r i z e d  by o r d i n a r y  bond lengths  and 
va l ence  a n g l e s .  IR a b s o r p t i o n  s p e c t r a  a r e  not  in-  
c o n s i s t e n t  wi th  the a s s i g n e d  s t r u c t u r e .  IV had a 
v e r y  low s o l u b i l i t y  in e the r ,  CHCla, and CC14, but  
was  s o l u b l e  in benzene ,  to luene,  and t e t r a h y d r o f u r a n .  

*The X - r a y  a n a l y s i s  was  c a r r i e d  out  by Yu. T .  
S t ruchkov,  M. S . ,  in the s t r u c t u r e  d e t e r m i n a t i o n  
l a b o r a t o r y  of the Ins t i t u t e  fo r  H e t e r o c y c l i c  Compounds ,  

AS USSR. 
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Fig. 10 IR absorption spectra: a) 1, 1, 3, 3-tetramethyl-1,  3- 
disila-2-oxaindane, spectrum determined with a thin layer 
of melt, using a UR-10 spectrophotometer with slit program 
4; b) substance bp 175~ ~ (25 mm), spectrum determined 

with a layer of suitable thickness. 

I was polymerized with alkali and acid. Heating 
I with 1% KOH at 100~ ~ C gave a liquid product, 
whose viscosity was practical ly unchanged on heating 
for 12 hours or by standing for 3 days at room temp- 
erature.  H2SO 4 polymerizes  I both at room tempera-  
ture (slowly) and on heating. However, elementary 
analysis of the polymer shows that the phenyl group 
is almost completely split off, and the IR spectra  of 
the polymers resemble that of polydimethylsiloxane 
(Fig. 2). 

EXPERIMENTAL 

18.3 g (0.8 mole) Na was suspended in 150 ml 
toluene at 90~ ~ C, then over a period of 2 hr 
30 min a mixture of 29.5 g (0.2 mole) o-C12CsH4 
and 49.5 g (0.4 mole) (CH3)2Si(OCHa)C1 added, then 
the whole refluxed for a further  2 hr.  Next day the 
precipitate was fil tered off, washed with toluene 
(50 ml), then with ether.  The fil trate was distilled 

20 to give the following cuts: 1) 60 g bp 85~ ~ C, n D 
1.4540; 2) 19 g bp 60~ ~ (60 mm), nD 2~ 1.4880; 3) 
10.5 g bp 49~ ~ (1 mm), nD 2~ 1.5030; 4) 9.5 g bp 
130~ ~ (1 mm), nD 2~ 1.5470 and 5 g viscous res i -  
due in the distilling flask. 

Next day cut 4 had given a white crystal l ine pre-  
cipitate, to which 10 ml ether was added, the solid 
filtered off, twice washed with ether, yield of IV 
0.05 g, mp 219~ ~ C, after rec rys ta l l i z ingf rom 
benzene it had mp 2260-227 ~ Found: C 83.78; 84.05; 
H 6.44; 6 . 40 ;S i9 .80 ;9 .75%;M 286, 284 (Rast), 284 
(X-ray analysis).  Calculated for C20HIsSi: C 83.87; 
H 6.32; Si 9.79%; M 286. 

Column fractionation of 75 g of a cut bp 60~ ~ C 
(40-60 mm) (from a number of runs) gave: 

a) 10 g II, bp 87~ ~ (30 mm), d42~ 1.059, nD2~ 
1.4978, Found: C 54.63; 54.70; H 6.19; 6.29; Si 13.63 
C1 17.26; 17.00%; M 178; MR D 55.55. Calculated 
for CsHtaOC1S: C 53.84; H 6.52; Si 13.99; C1 17.66%; 
M 200.7; MR D 55.96. 

b) 21.5 g substance bp 95~176 C (32 mm); d420 
0.9687, nD 2~ 1.4905. Found: C 59.93; H 7.55; Si 
23.11; C1 1.31%. 

c) 6 g III, bp 142~176 (20 mm); d42~ 0.9841; 
nD 2~ 1.4973o Found: C 56030; 57.00; H 8.18; 8.35; 
Si 21o36 ; 21.33%; M 268.2 ; MR D 75.715. Calculated 
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Fig. 2. IR absorption spectra;  a) 
polydimethylsiloxane; b) and c) 
polymers prepared by H 2 SO 4 poly- 
merization of I at room tempera-  
ture and by heating respectively. 

for C12H2202Si2: C 56.62; H 9.76; Si 22.08%; M 254, 
MR D 75.79. 

19.2 gcutb,  bp 95~ ~ (32mm), 10ml Me ,  H, and 
6 ml water were s t i r red together at room tempera-  
ture for 1 hr  30 min. 20 ml ether was added, the 
ether layer  separated off, washed with water, dried 
for 10 min over CaC12, and then distilled to give: 

1) 5.6 g I, bp 93o-99 ~ C (22 mm), after  repeated 
distillation it had bp 91~ ~ (20 mm), d42~ 0.9727, 
nD 2~ 1.4950, and crystall ized, mp 33 ~ Found: C 57.51; 
57.45; H 7.51; 7.56; Si 27.24; 27.64%; M 198; MR D 
62.47. Calculated for C10Hi6OSi2: C 57.63; H 7.72; 
Si 26.96%; M 208.4; MR D 62.724. 

2) 4 g cut bp 175~176 (25mm); d 2~ 0.9843; nD 2~ 
1.5139. Found: C 66.09;H 8.8; Si 20.35; C1 2.37; 

2.80%. 
Polymerizat ion of I. a) A drop of H2SO4 was added 

to 0.5 g I, and the whole heated at 140 ~ C for 2 hr. The 
liquid product was left overnight, and next day there 
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was  a ge la t inous  p o l y m e r .  Found: C 33.29; H 8.02; 
Si 33.42%. 

b) A d rop  of H2SO 4 was  added  to 0.5 g I, the m i x -  
tu re  s t i r r e d ,  then le f t  at  r o o m  t e m p e r a t u r e .  A f t e r  
3 days  the p r o d u c t  was  a mob i l e  l iquid,  a f t e r  5 days  
the v i s c o s i t y  had i n c r e a s e d  c o n s i d e r a b l y ,  and a f t e r  
15 days  a v i scous  p o l y m e r  r e s u l t e d .  The IR s p e c t r u m  
of the l a t t e r  was  the s a m e  as  the IR s p e c t r a  of the 
p r e v i o u s  p o l y m e r  and p o l y d i m e t h y l s i l o x a n e .  Found: 
Si 32.65, 33.0%. 
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