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The cohydrolysis of y-t~ifluoropropenylmethyldichlorosilane and 
dimethyldichlorosilane at 70"-75" C leads to the formation of y- 
tt ifluor opt openylnonamethytcyclopentasiloxane, y-trifluoropropenyl- 
pentamethylcyclotrisiloxane, and bis(y-trifluoropropenyl)hexamethyl- 
cycloterxasiloxane. These oligomers were polymerized in the presence 
of a Ziegler-Natta catalyst, forming low-molecular-weight oily 
polymers with M = 1000-3000. 

The po lymer i za t i on  of unsa tu r a t ed  o rganos i l i eon  
m o n o m e r s  has been de sc r i bed  many  t imes  [ 1 , 3 , 5 - 9 ,  
1 1 , 1 2 , 1 5 - 1 7 ] .  The cohydro lys i s  of va r ious  m o n o m e r s  
conta in ing  u n s a t u r a t e d  r a d i c a l s  on the s i l i con  atom 
[ 2 , 4 , 1 0 , 1 3 , 1 4 , 1 8 - 2 0 ]  m a k e s  i t  poss ib le  to obtain 
he te rocyc l i c  compounds with d i f ferent  n u m b e r s  of 
unsa tu ra t ed  groups.  We have studied the cohydro lys i s  
of T - t r i f l u o r o p r o p e n y l m e t h y l d i c h l o r o s i l a n e  with di-  
me thy ld i ch lo ros i l ane  and have made a t tempts  to poly-  
m e r i z e  the cyc l i c  o l i g o m e r s  obtained.  

The cohydro lys i s  of the in i t i a l  m o n o m e r s  took 
p lace  at 700-75 ~ C in the fol lowing way. 
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In addit ion to I--I l l ,  p o l y m e r i c  subs tances  were  formed.  
Two d i s t i l l a t ions  of the hydrolyza te  y ie lded  3/ - t r i f luoro-  
p ropeny lpen tame thy lcyc lo t r i s i l oxane  (I), y - t r i f l u o r o -  
p ropeny lnonamethy lcyc lopen tas i loxane  (l-I), and bis(T-  
t r i f l uo rop ropeny l ) -hexame thy l cyc lo t e t r  as i loxane  (HI), 
the i r  pu r i ty  e s t ab l i shed  by ga s - l i qu id  chromatography .  
The phys ica l  cons tan t s  of the o l i gomer s  obta ined a r e  
given in  Tab le  1. The p r e s e n c e  of a double bond in 
I - I I I  was e s t ab l i shed  qua l i t a t ive ly  by the i r  d e c o l o r a -  
t ion  of b r o m i n e  wate r .  

The IR s p e c t r a  of I,  II, and III exhibi t  s t rong  ab-  
sorp t ion  bands ,  r e spec t ive ly ,  in the 1040-1020,  

1090-1040,  and 1100-1080 cm -1 r eg ions  c o r r e s p o n d -  
ing to the v i b r a t i o n s  of S i -O--Si  in s i x - ,  t e n - ,  and 
e i g h t - m e m b e r e d  cyc los i loxanes .  The bands  in the 
825-810  and 1280-1273 cm -1 r eg ions  show the p r e s -  
ence  of Si--CH 3 groups ,  and those at 1270--1230 cm -1 
the p r e s e n c e  of a CF3 group. The spe c t r a  have no 
abso rp t ion  in the reg ion  of double bonds but have a 
doublet  at 3050-3018 cm -1 which is  c h a r a c t e r i s t i c  
for  the s t r e t ch ing  v i b r a t i o n s  of C---tt in the ---HC==CH - 
ske le ton  [21]. 

In all  s y n t h e s e s ,  a f ter  the o rganocyc los i loxanes  
had been d i s t i l l ed  off, a c o n s i d e r a b l e  amount  of s t i l l  
r e s i d u e  (50%) r e m a i n e d .  High-vacuum d i s t i l l a t ion  of 
the s t i l l  r e s i d u e s  (at 4 �9 10 -3 ram) did not  suceed in 
y i e ld ing  ind iv idua l  subs tances .  When the f r ac t ions  
i so la ted  f rom the s t i l l  r e s idue  were  r e d i s t i l l e d ,  60% 
of them was conver ted  into a ge l - l ike  p o l y m e r  v e r y  
s p a r i n g l y  so luble  in e ther .  

The o rganoeyc los i loxanes  syn thes ized  were  sub-  
j ec ted  to p o l y m e r i z a t i o n  in the p r e s e n c e  of 0 . 1 - 4  wt. 
% of benzoyl  pe rox ide  or  azo i sobu ty rou i t r i l e .  

However ,  even on pro longed (35 hr) hea t ing  of the 
m i x t u r e  of o l i g o m e r s  and ca ta lys t  in  sea led  tubes  
f rom which the a i r  had p r ev ious ly  been  pumped out, 
with s imu l t aneous  i r r a d i a t i o n  with u l t r av io l e t  l ight ,  
no p o l y m e r i c  p roduc t s  we re  obtained.  

The use  of a Z i e g l e r - N a t t a  ca ta lys t  led to oi ly 
p o l y m e r i c  compounds  with m o l e c u l a r  weights  of f rom 
1000 to 3000 which were  spa r ing ly  soluble  in benzene  
and o the r  o rgan ic  so lvents .  

EXPERIMENTAL 

The syntheses were carried out with dimethyldichlorosilane having 
bp 7r C, n~ 1.4002 (54.3% C1) and with y-txifluoropropenyl- 
methyldichlorosilaae having bp 107" C, n~ 1.3888 (34.1% C1). 

The col~drolysis reaction, At 7r C, a solution of 108.9 g 
(0.52 mole) of },-t~ifluoropropenylmethyldichlotosilane and 74 g 
(0.57 mole) of dimexhyldichlorosilane in 180 g of toluene was slowly 
added to the aqueous layer of a mixture of 180 g of distilled water 
and 180 g of toluene. After this, the reaction mixture was stirred 
for another 30 rain and cooled, and the organic layer was separated 
off, washed with water to neutrality, and dried with CaClz. The 

Tab le  1 

C h a r a c t e r i s t i c s  of the O l i g o m e r s  obta ined 

Com-  
pound  

I 
II 
III 

Bp, * C 
(prossuro, 

ram) 

52--56 
65--70 
98---103 

1.3800 
1.3850 
1.3970 

d, 'o  

i .0804 
L0353 
0~9535 

found  

64.78 
102.00 
115.30 

M R  o 

calcula ted 

65.02 
102.42 
116.01 
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Tab le  2 

P o l y m e r i z a t i o n  of I and II in the P r e s e n c e  of Z i e g l e r - N a t t a  ca t a ly s t  

Molar ratio of / Molar rat io of  Yield of  
Initial Amount,  catalyst to [ AI(C2Hs) 3 to polymer, M* 

oligomer g monomer TiCl 4 g 

l 5.3 1 : I 0.096 : 0.156 1.71 3040 
II  4.8 1 : 1 0 .0863:0 .1430 1.69 1050 

*Determined cryoscopically in octamethylcyclotetrasiloxane. 

toluene was distilled off in a vacuum of 30 mm. This gave 95.2 g of 
reaction product from which 47.4 g of a fraction with bp 50~ ~ C 
was distilled off. Two redistillations in vacuum through a column 
gave: 9.9 g (21~ of I. Found, %: C 31.68, 31.76; H 5.31, 5.37; Si 
27.61, 27.63; F 19.19, 18.75; Mol. wt. 306.4. Calculated for 
CsHavOsSisF z, %: C 31.77; H 5.75, Si 27.83; F 18.84; Mol. wt. 
302.4. 5.3 g (11.2~ of II. Found, %: C 31.91, 32.12; H 6.30. 6.84; 
Si 30.60, 30.03; F 11.95, 11.99; Mol. wt. 448. Calculated for C12- 
Hz9OsSisFs, %: C 31.98; H 6.48; Si 31.13; F 12.64. Mol. wt. 450.6. 
2.7 g (5%) of III. Found, %: C 31.70; H 4.71; Si 24.05; 24.15; F 25.77 Mol. 
wt. 450. Calculated for CIzH~O4Si4Fs, %: C 31.56; H 4.85; Si 24.80; 
F 24.99. Mol. wt. 456.6. 

Polymerization of the organocyclosiloxanes. The polymerization 
apparatus was evacuated to a residual pressure of 1-2 mm, and 
then was filled to atmospheric pressure with dry argon (this operation 
was repeated four times). Triethylaluminurn was added to the ap- 
paratus from a Schlenk vessel and with vigorous stirring titanium 
tetrachloride was introduced. This gave a finely disperse powder. 
The monomer was added to the mixture obtained, and the whole 
was heated at 85*-90 ~ C with stirring for 27 hr and was then poured 
into methanol saturated with hydrogen chloride. The polymer that 
deposited was separated from the catalyst residues by decantation, 
dissolved in benzene with gentle heating, purified by repteeipitation 
from methanol, and dried in vacuum at 30" C to constant weight 
(Table 2). 
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