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The cohydrolysis of ~cyanoethyl- and 7-cyanopmpylmethyldiehlor- 
osilanes with dimethyldieblorosilane has been studied and the opti- 
mum conditions emoxing the maximum yield of rings containing 
eya~ealkyl groups have been derexmined. 

Bisf/~-eyanoethyl)hexamethyleyelotetrasiloxane, ~-eyaaopropyl- 
pentamethyleyelotetrasiloxane, and bis(~-ey;nsopropyl)hexamethyl- 
eyclotetrasiloxane have been obtained for the first time and charac- 
terized. 

Recen t ly ,  g r e a t  a t ten t ion  has  been  devo ted  to p e l y -  
d i m e t h y l i s i l o x a n e  p o l y m e r s  con ta in ing  eyanoa lky l  g r o u p s  
a t t ached  to the s i l i con  a t o m s  [1 -3 ] .  The  m a i n  advan-  
t age  of t h e s e  p o l y m e r s ,  due to  the  p r e s e n c e  of  the  
s t r o n g l y  p o l a r  n i t r i l e  g roup ,  i s  t h e i r  r e s i s t a n c e  to  the  
ac t ion of s o l v e n t s .  

In the  l i t e r a t u r e  t h e r e  i s  only  one p a p e r  on the p r e -  
p a r a t i o n  of  B - c y a n o e t h y l p e n t a m e t h y l e y c l o t e t r a s i l o x a n e  
[41 by the c o h y d r o l y s i s  of f l - e y a n o e t h y l m e t h y i d i c h l o r o -  
s i l a n e  wi th  d i m e t h y l d i e h l o r o s i l a n e  in  low y i e l d  (6.6~ 

In the  p r e s e n t  w o r k ,  an a t t emp t  has  been m a d e  to 
s y n t h e s i z e  e y e l o d i m e t h y l s i l o x a n e s  con ta in ing  a n i t r i l e  
g roup  in the  fl-  and T - p o s i t i o n s  to  the  s i l i con  a tom,  
mad the cond i t ions  a f fec t ing  t h e i r  y i e l d  have  a l so  been 
s tudied.  The  method  of s y n t h e s i s  was  b a s e d  on the  
combined  h y d r o l y s i s  wi th  w a t e r  and s u l f u r i c  ac id  in  
the  p r e s e n c e  of a so lven t  of the  b i func t iona l  m o n o m e r s .  

m ( C Hz)2SiCl~+ n R( C H3) SiCl2+2(m + n) H20-+ 
[(Ctt~)2SiO]~[(CH~) gSiO] ~ +2(m+n~HCL 

I~=CH~CH~CN o r  CH_~CHzCH~CN, 

and re= l ,  2,3 o r  5, n : = i  

The c o h y d r o [ y s i s  o f f l - c y a n o e t h y l m e t h y l d i e h l o r o s i -  
l ane  wi th  d i m e t h y l d i c h l o r o s i l a n e  {I) gave  a c o m p l e x  
m i x t u r e  of  c y c l i c  compe tmds  {with a p p r o x i m a t e l y  e igh t  
components} f r o m  which  as  y e t  only B - c y a n o e t h y l p e n -  
t a m e t h y l c y c l o t e t r a s i l o x a n e  and b i s (~ -cyanoe thy l )  
h e x a m e t h y l e y c l o t e t r a s i l o x a n e ,  i den t i f i ed  fo r  the  f i r s t  
t i m e ,  have  b e e n i s o l a t e d .  The  c o h y d r o l y s i s  of T - e y a n o -  
p r o p y l m e t h y l d i c h l o r o s i l a n e  wi th  I s i m i l a r l y  gave  a 
c o m p | e x  m i x t u r e  of about e ight  c y c l i c  compounds  f r o m  

which  y - c y a n o p r o p y l p e n t a m e t h y l c y c l o t e t r a s i l o x a n e  and 
b i s  (T-eyanopropyl )hexnm e t h y l c y c l o t e t r a s i l o x a n e  w e r e  
i s o l a t e d  fo r  the  f i r s t  t i m e .  The  c y c l i c  s u b s t a n c e s  i s o -  
l a t e d  a r e  c l e a r  l i qu ids  tha t  d i s t i l l  wi thout  d e c o m p o s i -  
t-ion and a r e  r e a d i l y  so lub l e  in  e t h e r ,  benzene ,  t o l u -  
ene ,  c h l o r o f o r m ,  and ace tone ;  t h e i r  p r o p e r t i e s  a r e  
g iven  in T a b l e  1. 

The  s t r u c t u r e s  o f / 3 - c y a n o e t h y l p e n t a m e t h y l c y c l o -  
t e t r a s i l o x a n e  OI), b i s ( B - e y a n o e t h y l ) h e x a m e t h y l c y c l o -  
t e t r a s i l o x a n e  (IH), T - c y a n o p r o p y l h e p t  a m e t h y l c y c l o -  
t e t r a s i l o x a n e  (IV), and h i s ( T - c y a n o p r o p y l ) h e x a m e -  
t h y l c y c l o t e t r a s i l o x a n e  (V) w e r e  e s t a b l i s h e d  f r o m  the  
r e s u l t s  of e l e m e n t a r y  a n a l y s i s ,  m o l e c u l a r  weight ,  
m o l e c u l a r  r e f r a c t i o n ,  and IR s p e c t r a .  The  I R - s p e c -  
t r o s c o p i c  da ta  a r e  g iven  in  Tab le  2. 

I t  c an  be  s e e n  f r o m  T a b l e  2 tha t  in  a l l  the  c o m -  
pounds  t h e r e  a r e  c h a r a c t e r i s t i c  f r e q u e n c i e s  c o r r e -  
sponding to the  v i b r a t i o n  of the  fo l lowing  bonds:  S i - O  
in  an e i g h t - m e m b e r e d  r i n g ,  Si--CHa, and C = N .  

A s tudy of the  cond i t ions  a f fec t ing  the  y i e ld  of the  
e y c l o t e t r a s i l o x a n e s  con ta in ing  n i t r i l e  g roups  in the  T 
p o s i t i o n  has  shown tha t  a change  in  the  r a t i o  in  the  
c o h y d r o l y s i s  of  I wi th  T - c y a n o p r o p y l m e t h y l d i e h l o r o -  
s i l a n e  f r o m  5 : 1 to 1 : 1 ,  r e s p e c t i v e l y ,  d e c r e a s e s  the 

to ta l  y i e l d  of c y c l o s i l o x a n e s  con ta in ing  T - c y a a o p r o p y l  
g r o u p s ,  the  e q u i l i b r i u m  of  the  r e a c t i o n  sh i f t ing  in  the 
d i r e c t i o n  of the  f o r m a t i o n  of b i s ( T - c y a n o p r o p y l ) h e x a -  
m e t h y l c y c l o t e t r a s i l o x a n e .  A f ivefo ld  i n c r e a s e  in  the  
c o n c e n t r a t i o n  of the  so lven t ,  h o w e v e r ,  g r e a t l y  i n c r e a s e  
the  y i e l d s  of c y c l o t e t r a s i l o x a n e s .  The r e p l a c e m e n t  of 
e t h e r  by to luene  l o w e r s  the  y i e l d  of c y e l o s i l o x a n e s  
s o m e w h a t .  The  t e m p e r a t u r e  of  c o h y d r o l y s i s  has  a 
c o n s i d e r a b l e  in f luence  on the y i e l d  of c y c l o t e t r a s i l o x -  
a n e s .  Thus ,  when the  t e m p e r a t u r e  i s  r a i s e d  f r o m  
0 - 2  to 36 ~ C, the  y i e l d  of c y c l o t e t r a s i l o x a n e s  con-  
t a in ing  T - c y a n o p r o p y l  g roups  r i s e s  f r o m  60.9 to 79.1%. 
The  r e s u l t s  ob ta ined  show tha t  the  a c h i e v e  the  m a x i -  
m u m  y i e l d  of c y c l o t e t r a s i l o x a n e s  con ta in ing  c y a n o -  
a lky l  g r o u p s  the  c o h y d r o l y s i s  m u s t  be  c a r r i e d  out  in  
e t h e r  a t  - 3 6  ~ C .  
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Tab le  2 

C h a r a c t e r i s t i c  Bond F r e q u e n c i e s  

Formula 

Characteristic fre- 
' quencies, em -1 
si-......-o in~ 
lan eight-I 
Imember- Si--CHs C~=N 
fed iing 1 

[ (CH~)~SiO]~[NCCH2CH2 {CHa) SiO] 
[ (CHa) 2SiOldNCCH:CH2 (CHa) SiO]2 
[ ( CHs)2SiO]3[NCCHzCHzCH2 (CHa) SiO] 
[ (CHs) 2SiOI~[NCCHaCH2CH~ (CH3) SiOh 

1080 1278 2251 
1080 820~270  2242 
1090 i 2255 
1085 822, 12fi8 2250 
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E X P E R I M E N T A L  

Cohydrolysis o f  dimethyldiehlorosLlane with ~eyanoe thy lmethy l -  
diehlorosilane. A hydmlyzer fitted with a stirrer, dropping funnel, 
and thermometer  was charged with 1 l of  diethyi ether and 1 l o f  
water. The mixture was cooled to 0 ~ C and a mixture of 197.5 g (1.15 
mole) of  B-cyanoethylmethyldichlomsilane and 297.0 g (2.3 mole) of  
dimethyldichlomsilane was added to it in drops at a rate such that the 
temperature of  the reaction mixture remained at about 0 ~ C. After 
the completion of  the addition, the reaction mixture was stirred for 
an additional 4o min at ~0 ~ C. The acidic aqueous layer was se-  
parated from the ethereal layer and the latter was washed with cooled 
distilled water to neutrality. The ethereal solution of the eohydroly- 
zate was dried over calcined CaClz. The ether was distilled off and 
the residue was freed from volatile substances in a vacuum of  20 m m  
at 70 ~ C. The cohydmlysis yield was 284.8 g (94%). 

By repeated fractionation, the following fractions were isolated: 
octamethylcyclotetrasiloxane with bp 74-75~ C (20 ram), yield 18~;  
B-cyanoethylpentamethyleyclotetrasiloxane with bp 93* C (2 ram), 
yield 31%. Found, %: Si 33.60, 33.60; N 4.80, 4.60. Calculated for 
C10H~Si4OcN, %: Si 33.43; N4.18. 

Bis(/~-eyanoethyl)hexamethylcyeloetettasiloxane with bp 156" C 
(2 ram), yield 30%. Found, o~: C 38.37. 38.72; Si 30.85, 30.63; H 
7.1, 7.34; N 7.66, 7.71. Calettlated for C~zHz68hO4N2, %: C 38.50; 
Si 30.00; H 6.96; N 7.54. 

Cohydrolysis of  dimethyldichlorc~ilane with y-cyanol~opylme-  
thyldiehlormilane at an  elevated tempezatttreo A hydmlyzer  fitted 
with a stirrer, dropping funnel, and thermometer  was charged with 
1100 m l  of ether and 440 ml  of water. Over an hour a miXture of 
91 g (0.05 mole) of  ~r and 129 g 
(1 mole) of  dimethyldiehlorosilane was added dmpwise to the reac-  
tion mixture heated to 36* C, the  temperature in the hydmlyzer 
being kept at this figure. After the end of the addition, the reaction 

mixture was ~ i~ed  additionally for 40 min at  the  same temperature 
and immedia te ly  afterwards the acidic aqueous layer was separated 
from the ethereal layer. The latter was washed to neutrality with 
distilled water. The  ethereal solution of  the cohydmlyzate was dried 
over calcined CaC12. The ether was driven off at 60 ~ C and the 
volati le materials  at 70 ~ C (20 mm).  The  yield of  cohydrolyzate was 
117.6 g (85.5%). 

Fractionation gave the following fractions:. 
Octamethyltetrasiloxane with bp 74 .5 -75"C (20 ram), yield 7.6%; 
y-Cyanopropylpentamethyleyelotetrasiloxane with bp 120.5" C 

(4.5) ram), yield 39.1%. Found, %: C 37.90, 37.62; H 7.83, 8.14; 
N 4 .00,4 .11.  Calculated for CttHmSi,Odq, %: C37.82; H 7.75; N 4.02. 

Bis(7-eyanopropyl)hexamethyicyclotetrasiloxane with bp 195" C 
(4.5 ram), yield 40.0%. Found %: Si 27,60i 27.90; N 6.95; 7.02. Cal-  
culated for CIaH~0Si40~Nz, %: Si 27.86; N 6.96.  
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