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©  Dichloroailane  derivative»,their  production,  and  their  polymerization  to  poh/siloxanes. 

Novel  substituted  phenethyldichlorosilanes  have  the 
general  formula 

(1) 

wherein  R  is  an  alkyl  group  having  3  to  20  carbon  atoms  or  a 
phenethyl  group.  Such  compounds  are  produced  by  reacting 
a  monosubstituted  dichlorosilane  RHSiCl2  at  a  temperature 
of  30  to  200°C  with  styrene  using  a  catalytic  complex  of 
platinum  and  a  phosphine  compound.  Hydrolysis  and 
polymerization  of  the  substituted  phenethyldichlorosilanes 
(I)  yields  polysiloxanes  with  good  heat-resistance  and  other 
desirable  characteristics. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   d i c h l o r o s i l a n e  

d e r i v a t i v e s ,   t h e i r   p r o d u c t i o n ,   and   t h e i r   p o l y m e r i z a t i o n  

to   p o l y s i l o x a n e s .   More   p a r t i c u l a r l y ,   t h e   d i c h l o r i s i -  

l a n e   d e r i v a t i v e s   w i t h   w h i c h   we  a r e   c o n c e r n e d   a r e  

s u b s t i t u t e d   p h e n e t b y l d i c h l o r o s i l a n e s .  

D i o r g a n o d i c h l o r o s i l a n e s   a r e   v e r y   i m p o r t a n t   c o m p o u n d s  

i n   t h e   s i l i c o n e   r e s i n   i n d u s t r y   b u t   o n l y   r e l a t i v e l y   f e w  

c o m p o u n d s   s u c h  a s  d i m e t h y l d i c h l o r o s i l a n e   and   d i p h e n y l d i c h -  

l o r o s i l a n e   a r e   a c t u a l l y   u s e d   on  an  i n d u s t r i a l   s c a l e .  

M e t h o d s   f o r   p r o d u c i n g   d i o r g a n o d i c h l o r o s i l a n e s   i n c l u d e  

one  w h i c h   u t i l i z e s   R o c h o w ' s   p r o c e s s   and   one  w h i c h   u t i l i z e s  

a  G r i g n a r d   r e a c t i o n ,   b u t   any   o f   t h e   known  m e t h o d s   p r o d u c e s  

a  l a r g e   a m o u n t   o f   b y - p r o d u c t s   and   i t   i s   t h u s   d i f f i c u l t  

t o   o b t a i n   d i o r g a n o d i c h l o r o s i l a n e s   i n   g o o d   y i e l d   u s i n g  

t h e   m e t h o d s   c u r r e n t l y   a v a i l a b l e .  

W i t h   t h e   r e c e n t   d e v e l o p m e n t s   i n   t h e   s i l i c o n e   r e s i n  

i n d u s t r y ,   i t   h a s   b e c o m e   a p p r e c i a t e d   t h a t   o t h e r   d i o r g a n o -  

d i c h l o r o s i l a n e s   a r e   d e s i r a b l e .   F o r   e x a m p l e ,   d i o r g a n o d i -  

c h l o r o s i l a n e   c o m p o u n d s   of   t h e   t y p e   R a R b S i C l 2   w h i c h   c o n -  

t a i n   an  a l k y l   s u b s t i t u e n t   Ra  and   an  a r a l k y l   s u b s t i t u e n t  
Rb  w o u l d   be  u s e f u l   as   b i f u n c t i o n a l   m o n o m e r s   f o r   p o l y -  

s i l o x a n e s .   H o w e v e r ,   t h e   o n l y   s u c h   R a R b S i C l 2   c o m p o u n d  



w h i c h   h a s   b e e n   c o m m e r c i a l l y   p r o d u c e d   up  u n t i l   now  i s  

C H 3 S i C l 2 P h ,   Ph  b e i n g   a  p h e n y l   g r o u p .   M o r e o v e r ,   a  

s e a r c h   t h r o u g h   t h e   c h e m i c a l   l i t e r a t u r e   r e v e a l s   t h a t  

t h i s   e x a m p l e   o f   t h e   R a R b S i C l 2   c o m p o u n d s   i s  s u p p l e m e n t e d  

o n l y   by  t h o s e   i n   w h i c h   a   i s   a  m e t h y l   o r   e t h y l   g r o u p  
and   w h i c h   a r e   of   t h e   f o r m u l a e   C 2 H 5 S i C l 2 ( C H 2 C H 2 P h ) ,  

C 2 H 5 S i C l 2 ( C H C H 3 P h ) ,   C 2 H 5 S i C l 2 [ ( C H 2 ) 3 P h ] ,   C 2 H 5 S i C l 2 -  

[ C H 2 C H ( C H 3 ) P h ] ,   C 2 H 5 S i C l 2 [ ( C H 2 ) 4 P h ] ,   and   C 2 H 5 S i C l 2 -  

[ C H ( C H 3 ) C H 2 C H 2 P h ] ;   s e e   C h e m i c a l   A b s t r a c t s   5 4 ,   2 2 4 3 5   a n d  

5 3 ,   1 7 0 2 8 .  

I t   i s   t h e   p r e s e n t   s t a t e   o f   t h e   a r t   t h a t   t h e r e   a r e  

no  k n o w n   a s y m m e t r i c a l l y - s u b s t i t u t e d   c o m p o u n d s   R a R b S i C l 2  

i n   w h i c h   Ra  and   Rb  b o t h   h a v e   m o r e   t h a n   2  c a r b o n   a t o m s .  

I n   a d d i t i o n ,   t h e r e   a r e   no  m e t h o d s   a v a i l a b l e   f o r   p r o d u -  

c i n g   any   s u c h   c o m p o u n d s .  

We  h a v e   b e e n   c o n t i n u i n g   o u r   r e s e a r c h   w o r k   i n   v a r i o u s  

w a y s   i n   o r d e r   to   o v e r c o m e   t h e   a b o v e   m e n t i o n e d   p r o b l e m s  

i n   t h i s   f i e l d   of  a r t ,  a n d   h a v e   s u c c e e d e d   i n   t h e   p r e p a r a -  

t i o n   of   c o m p o u n d s   w h i c h   h a v e   p r e v i o u s l y   n o t   b e e n   k n o w n .  

The  c o m p o u n d s   w h i c h   we  h a v e   p r e p a r e d   a r e   s u i t a b l e   a s  

b i f u n c t i o n a l   m o n o m e r s   f o r   p r o d u c t i o n   of   p o l y s i l o x a n e s .  

The  c o m p o u n d s   o f   t h e   p r e s e n t   i n v e n t i o n   a r e   s u b s t i t u -  

t e d   p h e n e t h y l d i c h l o r o s i l a n e s   r e p r e s e n t e d   by  t h e   g e n e r a l  

f o r m u l a  



w h e r e i n  R   i s   an  a l k y l   g r o u p   h a v i n g   3  -   20  c a r b o n   a t o m s  

o r  a   p h e n e t h y l   g r o u p ,   The  p r e s e n t   c o m p o u n d s   t h u s  

s h a r e  i n   common  t h e   f a c t   t h e y   a r e   d i o r g a n o d i c h l o r o -  
s i l a n e s   s u b s t i t u t e d   b y  d i f f e r e n t   c r g a n o   g r o u p s   w h i c h  

b o t h   p o s s e s s  3   c a r b o n   a t o m s   o r   m o r e .  

More   p a r t i c u l a r l y ,   t h e   p r e s e n t   c o m p o u n d s   i n c l u d e  

a l k y l p h e n e t h y l d i c h l o r o s i l a n e s   r e p r e s e n t e d   by  t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   R'  i s   an  a l k y l   g r o u p   h a v i n g   3  -   20  c a r b o n   a t o m s .  

C o n c r e t e   e x a m p l e s   o f   c o m p o u n d s   o f   t h e   f o r m u l a   ( I I )  

a r a   p r o p y l p h e n e t h y l d i c h l o r o s i l a n e ,   i s o p r o p y l p h e n e t h y l -  

d i c h l o r o s i l a n e ,   b u t y l p h e n e t b y l d i c h l o r o s i l a n e ,   i s o b u t y l -  

p h e n e t h y l d i c h l o r o s i l a n e ,   p e n t y l p h e n e t h y l d i c h l o r o s i l a n e ,  

i s o a m y l p h e n e t h y l d i c h l o r o s i l a n e ,   h e x y l p h e n e t h y l d i c h l o r o -  

s i l a n e ,   h e p t y l p h e n e t h y l d i c h l o r o s i l a n e ,   o c t y l p h e n e t h y l -  

d i c h l o r o s i l a n e ,   n o n y l p h e n e t b y l d i c h l o r o s i l a n e ,   d e c y l p h -  

e n e t h y l d i c h l o r o s i l a n e ,   u n d e c y l p h e n e t h y l d i c h l o r o s i l a n e ,  

d o d e c y l p h e n e t b y l d i c h l o r o s i l a n e ,   t r i d e c y l p h e n e t h y l d i c h l o r o -  

s i l a n e ,   t e t r a d e c y l p h e n e t h y l d i c h l o r o s i l a n e ,   h e x a d e c y l -  

p h e n e t b y l d i c h l o r o s i l a n e ,   o c t a d e c y l p h e n e t h y l d i c h l o r o -  

s i l a n e   and   e i c o s y l p h e n e t b y l d i c h l o r o s i l a n e .  

T h e  c o m p o u n d s   of   t h e   p r e s e n t   i n v e n t i o n   a l s o  

i n c l u d e   d i p h e n e t h y l d i c h l o r o s i l a n e   r e p r e s e n t e d   by  t h e  



f o r m u l a  

The  m e t h o d  w e   p r o v i d e   f o r   p r o d u c i n g   t h e   c o m p o u n d s  
of   t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s   r e a c t i n g   a t   a  t e m p -  

e r a t u r e   o f   30  t o   2 0 0 ° C   a  m o n o s u b s t i t u t e d   d i c h l o r o -  

s i l a n e   h a v i n g   t h e   g e n e r a l   f o r m u l a   R 3 H S i C l 2 ,   w h e r e   R 3  

i s   as  d e f i n e d   a b o v e ,   w i t h   s t y r e n e   i n   t h e   p r e s e n c e   o f  

a  c o m p l e x   o f   p l a t i n u m   and   a  p h o s p h i n e .  

W h e r e   R3  i n   t h e   m o n o s u b s t i t u t e d   d i c h l o r o s i l a n e   i s  

an  a l k y l   g r o u p   h a v i n g   3  t o   20  c a r b o n   a t o m s   i t  i s   p r e -  
f e r r e d   t h a t   t h e   r e a c t i o n   w i t h   s t y r e n e   i s   e f f e c t e d   a t  

30  t o   1 1 0 ° C .   T h e  r e a c t i o n   t i m e   i s   n o t   c r i t i c a l   b u t  

i s   u s u a l l y   1  t o   60  h o u r s .   The  r e q u i r e d   s t a r t i n g  

m a t e r i a l ,   a  m o n o a l k y l d i c h l o r o s i l a n e   o f   f o r m u l a   R ' -  

H S i C l 2 ,   R'  b e i n g   as   d e f i n e d   a b o v e ,   i s   p r e f e r a b l y   p r e -  

p a r e d   by  t h e   a d d i t i o n   r e a c t i o n   w i t h   d i c h l o r o s i l a n e  

i t s e l f   o f   an  d - o l e f i n   h a v i n g   3  t o   20  c a r b o n   a t o m s .  

F o r   e x a m p l e   s u c h   a  s t a r t i n g   m a t e r i a l   c a n   be  o b t a i n e d  

by  r e a c t i n g   d i c h l o r o s i l a n e   and   an  @ - o l e f i n   h a v i n g  

, 3   t o   20  c a r b o n   a t o m s   i n   t h e  p r e s e n c e   o f   a  c o m p l e x   o f  

a  p h o s p h i n e   c o m p o u n d   and   a  t r a n s i t i o n   m e t a l   of   g r o u p  

8  a t   a  t e m p e r a t u r e   of   30  t o   2 0 0 ° C .   C o n v i e n t l y   t h e  

r e a c t i o n   i s   c a r r i e d   o u t   f o r   1  t o   60  h o u r s   a t   a t m o s p h e r -  

i c   o r   g r e a t e r   p r e s s u r e .   Where   t h e   t r a n s i t i o n   m e t a l   i s  

o t h e r   t h a n   p l a t i n u m   t h e   r e a c t i o n   i s   p r e f e r a b l y  e f f e c t e d  



a t   50  to   200°C  and  t h e   c a t a l y s t   t h e n   s e p a r a t e d   o f f  

b e f o r e   t h e   s u b s e q u e n t   r e a c t i o n   w i t h   s t y r e n e .   On  t h e  

o t h e r   h a n d ,   w h e r e   t h e   t r a n s i t i o n   m e t a l   i s   p l a t i n u m   t h e n  

t h e   p r e f e r r e d   r e a c t i o n   t e m p e r a t u r e   i s   30  to   1 1 0 ° C .  

F u r t h e r m o r e ,   t h e   c o m p l e x   n e e d   n o t   be  s e p a r a t e d   o f f   b u t  

c a n   be  r e t a i n e d   i n   t h e   l i q u i e d   as  t h e   c a t a l y s t   f o r   t h e  

s u b s e q u e n t   r e a c t i o n   w i t h   s t y r e n e .  
Where   R3  i n   t h e   m o n o s u b s t i t u t e d   d i c h l o r o s i l a n e   i s  

p h e n e t h y l ,   t h e   r e q u i r e d   s t a r t i n g   m a t e r i a l ,   m o n o p h e n e t h y l -  

d i c h l o r o s i l a n e ,   c an   be  o b t a i n e d   by  r e a c t i n g   d i c h l o r o s i -  

l a n e   w i t h   an  e q u i m o l a r   o r   e x c e s s   a m o u n t   of   s t y r e n e   i n  

t h e   p r e s e n c e   of   a  c o m p l e x   o f   a  t r a n s i t i o n   m e t a l   o f  

g r o u p   8  and   a  p h o s p h i n e .   E x a m p l e s   of   s u c h   c o m p l e x e s  

i n c l u d e   c h l o r o t r i s ( t r i p h e n y l p h o s p h i n e ) r h o d i u m ( I ) ,  

[ R h C l ( P P h 3 ) 3 ]   and   t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( O ) ,  

[ P t ( P P h 3 ) 4 ] .   S u i t a b l y   t h e   r e a c t i o n   i s   e f f e c t e d   a t   30  t o  

2 0 0 ° C ,   and   when   t h e   c o m p l e x   i s  a   p l a t i n u m   c o m p l e x   t h e n   i t  

i s   u s u a l l y   f o u n d   t h a t   m o n o p h e n e t h y l d i c h l o r o s i l a n e   a l o n e  

i s   o b t a i n e d   i f   t h e   m o l a r   r a t i o   o f   s t y r e n e   to   d i c h l o r o s i -  

l a n e   i s   1  o r   l e s s ,   and   t h a t   d i p h e n y l d i c h l o r o s i l a n e   i s   a l s o  

p r o d u c e d   i f   s t y r e n e   i s   p r e s e n t   i n   m o l a r   e x c e s s .   S u c h  

r e a c t i o n s   may  be  r e p r e s e n t e d   by  t h e   f o l l o w i n g   e q u a t i o n s  

( 1 )   and   ( 2 ) :  

H 2 S i C l 2   +  2PhCH =   C H 2 - ( P h C H 2 C H 2 ) 2 S i C l 2   . . . . . . ( 1 )  

P h C H 2 C H 2 S i H C l 2   +  PhCH =  C H 2 - ( P h C H 2 C H 2 ) 2 S i C l 2   . . . . ( 2 )  

I n   o t h e r   w o r d s ,   d i p h e n y l d i o h l o r o s i l a n e   c a n   b e  

p r o d u c e d   by   r e a c t i n g   d i c h l o r o s i l a n e   w i t h   2  o r   m o r e  

m o l a r   e q u i v a l e n t s   of   s t y r e n e   o r   by  r e a c t i n g   m o n o p h e n e t h y l -  

d i c h l o r o s i l a n e   w i t h   1  o r   more   e q u i v a l e n t s   of   s t y r e n e ,  

t h e   r e a c t i o n   b e i n g   e f f e c t e d   i n   t h e   p r e s e n c e   o f   a  c o m p l e x  

o f  p l a t i n u m   and   a  p h o s p h i n e   c o m p o u n d   a t   30  t o   2 0 0 ° C .  

The  p r e f e r r e d   r e a c t i o n   t i m e   i s   0 . 5   to   60  h o u r s .  

The  c o m p l e x   o f   p l a t i n u m   and  a  p h o s p h i n e   c o m p o u n d  

e m p l o y e d   i n   t h e   m e t h o d s   of   t h e   p r e s e n t   i n v e n t i o n   a c t s  



as  a  c a t a l y s t   and  i s   p r e f e r a b l y   t e t r a k i s ( t r i p h e n y l -  

p h o s p h i n e ) p l a t i n u m ( 0 ) .   The  p r e f e r r e d   c o n c e n t r a t i o n   o f  

c o m p l e x   i s   1  t o   10  - 1 5 ,   p r e f e r a b l y   1  t o   1 0 - 8 ,   m o l  

p e r c e n t   p e r   s i l i c o n   a t o m .  

The  p r o d u c t i o n   o f   t h e   s u b s t i t u t e d   p h e n e t h y l d i c h l o r o -  
s i l a n e s   c a n   be  c a r r i e d  o u t   as  a  b a t c h ,   f l o w - m e t h o d   o r  

h a l f - b a t c h   p r o c e d u r e .   F o r   e x a m p l e ,   d i p h e n e t h y l d i c h l o r o -  
s i l a n e   c a n   be  p r o d u c e d   by  a  m e t h o d   i n   w h i c h   l i q u e f i e d  

d i c h l o r o s i l a n e ,   s t y r e n e   and   t h e   c a t a l y t i c   c o m p l e x   a r e  

c h a r g e d   i n t o   a  s e a l e d   r e a c t o r ,   r e a c t e d   by   h e a t i n g   u n d e r  

p r e s s u r e ,   and   d i s t i l l i n g   o f f   t h e   p r o d u c t   a f t e r   r e a c t i o n .  

O t h e r   m e t h o d s   i n c l u d e   t h o s e   i n   w h i c h   d i c h l o r o s i l a n e   i s  

f l o w e d   i n t o   a  r e a c t i o n   v e s s e l   c o n t a i n i n g   s t y r e n e   a n d  

a  c a t a l y t i c   l i q u i d ,   or   i n   w h i c h   s t y r e n e   and  d i c h l o r o -  

s i l a n e   a r e   c o u n t e r - f l o w e d   t h r o u g h   a  f i x e d   b e d   s u p p o r t i n g  

a  c a t a l y s t   on  a  c a r r i e r .  

A  c h a r a c t e r i s t i c   f e a t u r e   of   t h e   m e t h o d s   d e s c r i b e d  

i s   t h e   u s e   of   d i c h l o r o s i l a n e   a n d / o r   a  m o n o - s u b s t i t u t e d  

d i c h l o r o s i l a n e   as  s t a r t i n g   m a t e r i a l   f o r   p r o d u c t i o n   o f  

t h e   s u b s t i t u t e d   p h e n e t h y l d i c h l o r o s i l a n e s .   I n  s u c h  

m e t h o d s   i t   i s   to   be  n o t e d   t h a t   t h e   h y d r o g e n   d i r e c t l y  

j o i n e d   t o   t h e   s i l i c o n   o f   d i c h l o r o s i l a n e   o r   of   t h e  

m o n o - s u b s t i t u t e d   d i c h l o r o s i l a n e   a d d s   o n l y   to   t h e   @ - p o s -  

i t i o n   o f   s t y r e n e   t o   f o r m   t h e   p r o d u c t .   I t   i s   o f   g r e a t  

a d v a n t a g e   t h a t   t h e   i s o m e r   i n   w h i c h   t h e   a b o v e   m e n t i o n e d  

h y d r o g e n   a d d s   t o   t h e   β - p o s i t i o n   of   s t y r e n e   i s   n o t  

f o r m e d .   M o r e o v e r   we  h a v e   f o u n d   t h a t   o t h e r   b y - p r o d u c t s  

a r e   n o t   o b t a i n e d   and   t h a t   t h e   d e s i r e d   s u b s t i t u t e d  

p h e n e t h y l d i c h l o r o s i l a n e s   a r e   t y p i c a l l y   f o r m e d   i n   a n  

e x t r e m e l y   h i g h   y i e l d .  

The  c o m p o u n d s   ( I )   of   t h e   p r e s e n t   i n v e n t i o n   a r e  

n o v e l   c o m p o u n d s   w h i c h   c an   be  p o l y m e r i z e d   u s i n g   c o n v e n -  

t i o n a l   m e t h o d s   to   p r o d u c e   p o l y s i l o x a n e s .   As  i s   w e l l  

k n o w n ,   t h e   p o l y m e r i z a t i o n   i n v o l v e s   h y d r o l y s i s   to   g i v e  

i n i t i a l l y   t h e   c o r r e s p o n d i n g   h y d r o x y   c o m p o u n d s   w h i c h   t h e n  



r e a d i l y   u n d e r g o   i n t e r -   and   i n t r a - m o l e c u l a r   c o n d e n s a t i o n .  

The  p o l y s i l o x a n e s   o b t a i n e d   u s i n g   t h e   s u b s t i t u t e d   p h e n e -  

t h y l d i c h l o r o s i l a n e s   of   t h e   p r e s e n t   i n v e n t i o n   h a v e   i m -  

p r o v e d   h e a t - r e s i s t a n c e   and  o t h e r   d e s i r a b l e   c h a r a c t e r i s -  

t i c .   The  c o m p o u n d s   of   t h e   p r e s e n t   i n v e n t i o n   can   t h u s  

be  u s e d   f o r   i m p r o v i n g   t h e   h e a t - r e s i s t i n g   and   o t h e r  

p r o p e r t i e s   of   s i l i c o n e   o i l s ,   r u b b e r s   and  v a r n i s h e s  

w h i c h   a r e   u s e d   as  e l e c t r i c a l   i n s u l a t i n g   m a t e r i a l s ,  

l u b r i c a t i n g   o i l s ,   w a t e r - r e p e l l i n g   a g e n t s ,   p a i n t s ,   r e l e a s e  

a g e n t s   e t c .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   b y  
t h e   f o l l o w i n g   n o n - l i m i t i n g   s p e c i f i c   E x a m p l e s ;   c o m p a r a -  
t i v e   e x a m p l e s   a r e   a l s o   g i v e n .   In   t h e   e x a m p l e s   r e f e r e n c e   i s  

made  to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h :  

F i g u r e s   1  and   2  a r e   r e s p e c t i v e l y   t h e   i n f r a r e d   ( i r )   a n d  

n u c l e a r   m a g n e t i c   r e s o n a n c e   ( n m r )   s p e c t r a   of   n - h e x y l p h e n e -  

t h y l d i c h l o r o s i l a n e   p r o d u c e d   i n   E x a m p l e   1 ;  

F i g u r e s   3  and   4  a r e   r s s p e c t i v e l y   t h e   i r   and   nmr  s p e c -  
t r a   o f   n - d o d e c y l p h e n e t h y l d i c h l o r o s i l a n e   p r o d u c e d   i n  

E x a m p l e   2;  a n d  

F i g u r e s   5  and   6  a r e   r e s p e c t i v e l y   t h e   i r   and   n m r  

s p e c t r a   of   d i p h e n e t h y l d i c h l o r o s i l a n e   p r o d u c e d   i n   E x a m p l e  

4 .  

E x a m p l e  1  

3 . 8 0   g  ( 2 0 . 5   m i l l i m o l )   of   n - h e x y l d i c h l o r o s i l a n e ,  

2 . 0 0   g  ( 1 9 . 2   m i l l i m o l )   of   s t y r e n e ,   and   0 . 0 2 3   g  ( 1 . 9 2   x  
1 0 - 5   m o l )   o f   t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )   w e r e  

i n t r o d u c e d   i n t o   a  f l a s k   and   r e a c t e d   w i t h   s t i r r i n g   b y  

h e a t i n g   i n   an  o i l   b a t h   a t   60°C  f o r   8  h o u r s .   D i s t i l l a t i o n  

u n d e r   r e d u c e d   p r e s s u r e   of   t h e   r e a c t e d   m i x t u r e   p r o d u c e d   5 . 6  

g  ( 1 7 . 5   m i l l i m o l )   o f   a  p r o d u c t   shown  to   be  n - h e x y l p h e n e t h y -  

l d i c h l o r o s i l a n e ,   ( n - C 6 H 1 3 )   ( C 6 H 5 C H 2 C H 2 ) S i c l 2 .  
The  n - h e x y l p h e n e t h y l d i c h l o r o s i l a n e   h a d   a  b o i l i n g   p o i n t  

o f   120  to   1 2 3 ° C / 1 m m H g   and   an  n20D  of   1 . 5 0 0 9 .   The  e l e m e n t a l  

a n a l y s i s   was  as   f o l l o w s : -  



f o u n d :   C:  5 7 . 8 7 % ,   H:  7 . 5 7 % ,   C l :   2 3 . 5 % ;  

t h e o r e t i c a l :   C:  5 8 . 1 2 % ,   H:  7 . 6 6 % ,   C l :   2 4 . 5 1 % .  

The  i r   s p e c t r u m   o f   t h i s   p r o d u c t   was  as   shown  i n   F i g u r e  
1  and   t h e   nmr  s p e c t r u m   was  as  shown   i n   F i g u r e   2 .  

C o m p a r a t i v e   E x a m p l e   1 

R e a c t i o n   was  c a r r i e d   o u t   as  i n   E x a m p l e   1  e x c e p t   t h a t  

an  i s o p r o p a n o l   s o l u t i o n   of   H 2 P t C l 6 . 6 H 2 O   was  s u b s t i t u t e d  

f o r   t h   t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 ) .   A 

r e s i n o u s   p r o d u c t   f o r m e d   and   no  n - h e x y l p h e n e t b y l d i c h l o r o -  

s i l a n e   c o u l d   be  o b t a i n e d .  

E x a m p l e   2  

R e a c t i o n   was  c a r r i e d   o u t   as   i n   E x a m p l e   1  e x c e p t   t h a t  

a - d o d e c y l d i c h l o r o s i l a n e   was  s u b s t i t u t e d   f o r   t h e   n - h e x y l d i -  

c h l o r o s i l a n e ,   w h e r e b y   a  p r o d u c t   shown  to   be  n - d o d e c y l -  

p h e n e t h y l d i c h l o r o s i l a n e   ( n - C 1 2 H 2 5 )   ( C 6 H 5 C H 2 C H 2 ) S i C l 2 ,  
was  o b t a i n e d .  

The  b o i l i n g   p o i n t   of   t h e   p r o d u c t   was  1 6 5 . 2   t o   1 6 8 . 0 ° C /  

2mmHg.  The  i r   s p e c t r u m   of   t h i s   p r o d u c t   was  as   shown  i n  

F i g u r e   3  and   t h e   nmr  s p e c t r u m   was  as   shown  i n   F i g u r e   4 .  

E x a m p l e  3  

0 . 8 9   mol  of   1 - h e x e n e ,   0 . 0 8   m o l  %   ( r e l a t i v e   to   d i c h l o r o -  

s i l a n e   i n t r o d u c e d   l a t e r )   of   c a t a l y s t ,   t e t r a k i s ( t r i p h e n y l -  

p h o s p h i n e ) p l a t i n u m ( O ) ,   w e r e   i n t r o d u c e d   i n t o   a  500  ml  p r e s -  

s u r e - p r o o f   s t a i n l e s s   s t e e l   r e a c t o r   w h i c h   was  s e a l e d   a n d  

t h e n   c o o l e d   w i t h   a  d r y - i c e - m e t h a n o l   b a t h .   A f t e r   i n t r o d u c -  

t i o n   i n t o   t h e   r e a c t o r   o f   0 . 6 4   mol  o f   d i c h l o r o s i l a n e   t h r o u g h  

an  i n l e t   p i p e ,   t h e   r e a c t o r   was  s e a l e d   and   r e a c t i o n   w a s  

c a r r i e d   o u t   by  h e a t i n g   i n   an   o i l   b a t h   a t   100°C   f o r   2  h o u r s  

w i t h   s t i r r i n g .   The  r e a c t e d   l i q u i d   was  t r a n s f e r r e d   to   a  

f l a s k ,   0 . 6 4   mol  of   s t y r e n e   was  a d d e d   and  f u r t h e r   r e a c t i o n  

was  c a r r i e d   o u t   w i t h   s t i r r i n g   a t   80°C  f o r   4  h o u r s .   A f t e r  

the  r e a c t i o n ,   d i s t i l l a t i o n   was  c a r r i e d   o u t   u n d e r   r e d u c e d  

p r e s s u r e   t o   o b t a i n   0 . 5 8   mol  of   n - h e x y l p h e n e t h y l d i c h l o r o -  

s i l a n e   h a v i n g   a  b o i l i n g   p o i n t   o f   120  to   1 2 3 ° C / 1 m m H g .  



E x a m p l e   4  

2 5 . 6   g  ( 2 5 4   m i l l i m o l )   o f   d i c h l o r o s i l a n e ,   5 2 . 3   g  
( 5 0 2   m i l l i m o l )   of   s t y r e n e   and   0 . 2 9 5   g  ( 0 . 2 3 7  m i l l i m o l )  

of   t e t r a k i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m ( 0 )   w e r e   c h a r g e d  
i n t o   a  200  ml  p r e s s u r e - p r o o f   s t a i n l e s s   s t e e l   r e a c t i o n  

t u b e   as  i n   t h e   p r o c e d u r e   E x a m p l e   3,  t h e n   h e a t e d   i n   an  o i l  

b a t h   a t   150°C  f o r   16  h o u r s   w i t h   s t i r r i n g .   D i s t i l l a t i o n  

of   t h e   r e a c t e d   l i q u i d   u n d e r   r e d u c e d   p r e s s u r e   g a v e   3 6 . 0   g  
of   a  p r o d u c t   shown  t o   be  d i p h e n e t h y l d i c h l o r o s i l a n e ,  

( C 6 H 5 C H 2 C H 2 ) 2 S i C l 2 .  
The  d i p h e n e t h y l d i c h l o r o s i l a n e   h a d  a   b o i l i n g   p o i n t  

of   140  to   1 5 1 ° C / 1 . 0 m m H g .   The  i r   s p e c t r u m   was  as  s h o w n  

i n   F i g u r e   5.  A b s o r p t i o n s   a r e   o b s e r v e d   f o r   a r o m a t i c  

C-H  s t r e t c h   a t   3000  to   3100  cm-1  and   f o r   d e f o r m a t i o n   o f  

a  C-H  d i r e c t l y   c o n n e c t e d   to   S i   a t   1260   cm-1 ,   b u t   n o  

c h a r a c t e r i s t i c   a b s o r p t i o n   i s   s e e n   f o r   S i - H   i n  t h e   n e i g h -  

b o u r h o o d   o f   2 1 0 0 - 1 .   The  nmr  s p e c t r u m   was  as  shown  i n  

F i g u r e   6 .   R e f e r r e i n g   to   t h e  8   s c a l e   ( p p m ) ,   t h e r e   i s   n o  

s i g n a l   c o r r e s p o n d i n g   to   S i - H   a t   3 . 0   to   5 . 0 ,  b u t   s i g n a l s  

a r e   s e e n   a t   0 . 9 9   ( c o r r e s p o n d i n g   t o  S i - C H 2 - )   a t   2 . 7 2  

( - C H 2 - C H 2 - C 6 H 5 )   and   a t  7 . 1 2   ( C 6 H 5 - ) .   The  i n t e g r a t i o n   f o r  

t h e s e   s i g n a l s   was  i n   t h e   r a t i o   4 : 4 : 1 0 .   In   t h e  m a s s  

s p e c t r a ,   a  p a r e n t   i o n   M+  308  was  o b s e r v e d .  

A  p o l y s i l o x a n e   was  t h e n   p r e p a r e d  i n   a  c o n v e n t i o n a l  

m a n n e r   u s i n g   t h e   d i p h e n e t h y l d i c h l o r o s i l a n e   as  o b t a i n e d   i n  

t h i s   E x a m p l e .   I n i t i a l   h y d r o l y s i s   a t   60°C  g i v e   a  p r o d u c t  

of   a v e r a g e   m o l e c u l a r   w e i g h t   86C  w h i c h  w a s   shown  by  i r   t o  

i n c l u d e   c y c l i c   c o m p o n e n t s   f o r m e d   b y  i n t r a m o l e c u l a r   c o n d e n -  

s a t i o n .   T h i s   i n i t i a l   p r o d u c t   had   a  r e f r a c t i v e   i n d e x   ( 2 5 ° C ,  

D)  o f   1 . 5 7 0   and   a  k i n e t i c   v e l o c i t y   ( 2 5 ° C )   of   280  c e n t i s t o k e s .  

F u r t h e r   r e a c t i o n   a t   80°C  of  94g  of  t h e   p r o d u c t   w i t h   3g  o f  

h e x a m e t h y l d i s i l o x a n e   in   t h e   p r e s e n c e   of   1  x l   of  10% 

a q u e o u s   t e t r a m e t h y l a m m o n i u m   h y d r o x i d e  g a v e   a  p o l y s i l o x a n e  

of   a v e r a g e   m o l e c u l a r   w e i g h t   3 8 0 0 .  

The  p o l y s i l o x a n e   had  t h e   f o l l o w i n g   p h y s i c a l   c h a r a c -  



C o m p a r a t i v e   E x a m p l e   2  

3 0 . 0   g  ( 3 0 0   m i l l i m o l )   of   d i c h l o r o s i l a n e ,   5 6 . 5   g  
( 5 4 3   m i l l i m o l )   of   s t y r e n e   and   50  mol   o f   an  i s o p r o p a n o l  

s o l u t i o n   of   c h l o r o p l a t i n i c   a c i d   ( H 2 P t C l 6 . 6 H 2 O )   c o n t a i n i n g  

4 . 8 3   x  1 0 - 6 m o l   o f   t h e   a c i d   w e r e   c h a r g e d   i n t o   a  200  m l  

p r e s s u r e - p r o o f   s t a i n l e s s   s t e e l   r e a c t i o n   t u b e   and   r e a c t i o n  

was  c a r r i e d   o u t   as   i n   t h e   p r o c e d u r e   o f   E x a m p l e   3  by  h e a t -  

i n g   i n   an  o i l   b a t h   a t   50°C  f o r   15  h o u r s   w i t h   s t i r r i n g .  

A f t e r   r e a c t i o n ,   t h e   r e a c t e d   l i q u i d   r e s i n i f i e d   and   n o  

d i p h e n e t h y l d i c h l o r o s i l a n e   c o u l d   be  o b t a i n e d .  

C o m p a r a t i v e   E x a m p l e  3  

3 1 . 7   g  ( 3 1 4   m i l l i m o l )   o f   d i c h l o r o s i l a n e ,   5 6 . 3   g  
( 5 4 1   m i l l i m o l )   of   s t y r e n e   and   0 . 2 1 8 2   g  ( 2 . 3 6   x  1 0 - 4   m o l )  

o f   c h l o r o t r i s ( t r i p h e n y l p h o s p h i n e ) r h o d i u m ( I )   w e r e   c h a r g e d  

i n t o  a   200   ml  p r e s s u r e - p r o o f   s t a i n l e s s   s t e e l   r e a c t i o n   t u b e  

a s   i n   t h e   p r o c e d u r e   o f   E x a m p l e   3  and   r e a c t i o n   was  c a r r i e d  

o u t   by  h e a t i n g   i n   an  o i l   b a t h   a t   150°C   f o r   20  h o u r s   w i t h  

s t i r r i n g .  

A f t e r   r e a c t i o n ,   t h e   r e a c t e d   l i q u i d   was  d i s t i l l e d  

u n d e r   a  r e d u c e d   p r e s s u r e .   4 5 . 7   g  ( 2 2 3   m i l l i m o l )   o f   a  

p r o d u c t   f o u n d   t o   be  m o n o p h e n e t h y l d i c h l o r o s i l a n e   w a s  

o b t a i n e d ,   b u t   no  d i p h e n e t h y l d i c h l o r o s i l a n e   was  i d e n t i f i e d  



i n   t h e   d i s t i l l a t e .  

E x a m p l e   5  

F o l l o w i n g   t h e   p r o c e d u r e   of   E x a m p l e   3,  7 3 . 2   g  

( 7 2 5   m i l l i m o l )   of   d i c h l o r o s i l a n e ,   and  9 2 . 7   g  ( 8 9 0   m i l l -  

i m o l )   of  s t y r e n e     i n   t h e   p r e s e n c e   of   0 . 1 1 6 4  

g  ( 1 . 6 8   x  1 0 - 4   mol )   of  c h l o r o t r i s ( t r i p h e n y l p h o s p h i n e )  

r h o d i u m   ( I )   a t   100°C  f o r   16  h o u r s   and  t h e n   t h e   r e a c t e d  

l i q u i d   was  d i s t i l l e d   to   o b t a i n   1 4 7 . 6   g  of  m o n o p h e n e t h y l -  

d i c h l o r o s i l a n e  ( b . p .   9 3 ° C / 7   mmHg) .  

1 0 . 3  g  ( 5 0   m i l l i m o l )  o f   t h e   m o n o p h e n e t h y l d i c h l o r o -  

s i l a n e .   2 2 . 7   g  ( 2 1 8   m i l l i m o l )   of   s t y r e n e   and  0 . 0 8   g  
( 6 . 4 2  x   1 0 - 5  

i n u m ( 0 )   w e r e   c h a r g e d   i n t o   a  100  ml  s t a i n l e s s   s t e e l  

r e a c t i o n   t u b e   and   r e a c t e d   by  h e a t i n g   i n   an  o i l   b a t h  

a t   100°C  f o r   15  h o u r s   w i t h   s t i r r i n g .   A f t e r   r e a c t i o n ,  

t h e   r e a c t e d     d i s t i l l e d   u n d e r   r e d u c e d   p r e s s u r e  

to   o b t a i n   1 3 . 6   g  of  a  p r o d u c t   h a v i n g   a  b o i l i n g   p o i n t  

of   1 4 1 ° C / 1 . 5 m m H g   and  h a v i n g   t h e   same  i r ,   nmr  and   m a s s  

s p e c t r e   as  t h e       of  E x a m p l e   4.  I t   was  t h u s   c o n f i -  

rmed   t h a t   t h e   p r o d u c t   p r o d u c e d   by  t h e   p r e s e n t   e x a m p l e  

was  d i p h e n e t h y l d i c h l o r o s i l a n e .  



1.  A  s u b s t i t u t e d   p h e n e t h y l d i c h l o r o s i l a n e   h a v i n g   t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   R  i s   an  a l k y l   g r o u p   h a v i n g   3  t o   20  c a r b o n   a t o m s  

or   a  p h e n e t h y l   g r o u p .  
2 .  A   s u b s t i t u t e d   p h e n e t h y l d i c h l o r o s i l a n e   a c c o r d i n g  t o  

C l a i m  1   w h e r e i n   R  i s   an  a l k y l   g r o u p   h a v i n g   3  t o   20  c a r -  
b o n   a t o m s .  

3.  A  s u b s t i t u t e d   p h e n e t h y l d i c h l o r o s i l a n e   a c c o r d i n g   t o  

C l a i m   1  w h e r e i n   R3  i s   a  p h e n e t h y l   g r o u p .  
4 .   A  m e t h o d   f o r   p r o d u c i n g   a  s u b s t i t u t e d   p h e n e t h y l d i c h -  

l o r o s i l a n e   h a v i n g   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   R  i s   an  a l k y l   h a v i n g   3  t o   20  c a r b o n   a t o m s   o r  

a  p h e n e t h y l   g r o u p ,   w h i c h   c o m p r i s e s   r e a c t i n g   a t   a  t e m p e r -  

a t u r e   o f   30  t o   2 0 0 ° C   a  m o n o s u b s t i t u t e d   d i c h l o r o s i l a n e  

h a v i n g   t h e  g e n e r a l   f o r m u l a   R H S i C l 2 ,   w h e r e   R  i s   as   d e f i n e d ,  



w i t h   s t y r e n e   i n   t h e   p r e s e n c e   of   a  c o m p l e x   o f  

and   a  p h o s p h i n e .  

5.  A  m e t h o d   a c c o r d i n g   to   C l a i m  4   w h e r e i n   t h e  

i s   t e t r a k i s ( t r i p h e n y l p h o s p b i n e ) p l s t i n u e ( 0 ) .  

6.   A  m e t h o d   a c c o r d i n g   to   C l a i n   4  or   C l a i m   5 
R  i s   an  a l k y l   g r o u p   h a v i n g  3   to   20  c a r b o n   a t o m  

r e a c t i o n   w i t h   s t y r e n e   i s   e f f e c t e d   a t   30  to   1 1 0 ° C .  

7.  A  m e t h o d   a c c o r d i n g   to   C l a i m   4  or   C l a i m   5 w 
i s   p h e n e t h y l .  

8.  A  m e t h o d   a c c o r d i n g   to   any  one  of  C l a i m s  4   to   7 
w h e r e i n   t h e   m o n o s u b s t i t u t e d   d i c h l o r o s i l a n e  

i s   p r e p a r e d   by  r e a c t i n g   a t   a  t e m p e r a t u r e   o f  3 0   t o  

d i c h l o r o s i l a n e   i t s e l f   w i t h ,   as  may  be  a p p r o p r i s t e ,  

@ - o l e f i n   h a v i n g   3  to   20  c a r b o n   a t o m s   or   s t y r e n e ,  

p r e s e n c e   of   a  c o m p l e x   of  p l a t i n u m   a n d  a   p h o s p h i n e .  

9.  A  m e t h o d   a c c o r d i n g   to   C l a i m   8  w h e r e i n   t h e   c o m p l e x  

e m p l o y e d   f o r   r e a c t i o n   of   t h e   d i c h l o r o s i l a n e   i t  

a l s o   e m p l o y e d   f o r   r e a c t i o n   of  t h e   m o n o s u b s t i t u t e d   d i c h l o r o -  

s i l a n e   p r o d u c e d .  

10 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   9  w h e r e i n   w h e n  R   i s  

p h e n e t h y l d i c h l o r o s i l a n e   i t s e l f   i s   r e a c t e d   w i t h  2   o r  

more   m o l a r   e q u i v a l e n t s   of  s t y r e n e   to  g i v e   d i p h e n  

l o r o s i l a n e .  

11 .   A  m e t h o d   f o r   p r o d u c i n g   a  p o l y s i l o x a n e   i n   w h i c h  

l o r o s i l a n e   i s   h y d r o l y s e d   and  p o l y m e r i s e d ,   w h e r e i n   t h e  

d i c h l o r o s i l a n e   i s   a  s u b s t i t u t e d   p h e n e t h y l d i c h l o r o s i l a n e  

h a v i n g   t h e   g e n e r a l   f o r m u l e  



w h e r e i n   R  i s  a n   a l k y l   g r o u p   h a v i n g   3  t o   20  c a r b o n  

a t o m s   o r   a  p h e n e t h y l   g r o u p .  
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