
450 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

ORGANOSILICON COMPOUNDS CONTAINING THE FURAN RING 

XIV. P h o t o s e n s i t i v e  P o l y m e r s  B a s e d  on O r g a n o s i l i c o n  E s t e r s  of 3- (2'- Fu ry l )  
A c r y l i c  Acid  and Cinnamic  Ac ids*  

E. Ya. Lukevits, A. E. Pestunovieh, and M. G. Voronkov 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 3, No. 3, pp. 559-561, 1967 

UDC 542.952.65+547.725+547.586.5+678.84 

Hydrolysis of organosilicon esters of 3-(2'furyl)acrylic or cinnarnic 
acids, and cohydrolysis with organyltriaIkoxysilanes gives organo- 
silicon resins, which solidify when illuminated with UV light. 

In the  pho to l i t hog raph ic  method of mak ing  s e m i -  
conduc to r  d e v i c e s ,  l i g h t - s e n s i t i v e  o r g a n o s i l i e o n  
c o v e r i n g s  p l ay  a def in i t e  p a r t  [2]. They  can be ob-  
t a ined  e i t h e r  f r o m  the u sua l  o r g a n o s i l i e o n  l a c q u e r s  
(e. g. K - l ) ,  by adding p h o t o s e n s i t i v e  compounds ,  o r  
f r o m  f i l m - f o r m i n g  o r g a n o s i l i e o n  r e s i n s ,  conta in ing ,  
jo ined  by a Si--C bond, funct ional  g roups  p r o n e  to 
p h o t o p o l y m e r i z e .  E x a m p l e s  of such  g roups  a r e  a c -  
ry lo ,  c innamyl ,  and s t y r y l ,  etc.  [3]. T h e i r  l i gh t -  
s e n s i t i v i t i e s  a r e  c o n s i d e r a b l y  enhanced by  pho to -  
s e n s i t i z e r s  [4], among them v a r i o u s  u n s a t u r a t e d  
fu ran  d e r i v a t i v e s  [5]. Linking of t h e s e  two types  of 
l i g h t - s e n s i t i v e  g roups  in a m o l e c u l e  of a p p r o p r i a t e  
o r g a n o s i l i e o n  m o n o m e r s  should  have  an a l t o g e t h e r  
f a v o r a b l e  e f fec t  on the  t e n d e n c i e s  of the  r e s i n s  to 
p h o t o p o l y m e r i z e .  

O r g a n o s i l i c o n  e s t e r s  of 3 - ( 2 ' - f u r y l ) a c r y l i e  ac id  
[6] a r e  such  m o n o m e r s .  To p r e p a r e  l i g h t - s e n s i t i v e  
p o l y m e r s  f r o m  them,  t r i a l k o x y s i l y l m e t h y l  e s t e r s  of 
3 - ( 2 ' f u r y l ) a c r y l i c  ac id ,  o r  m i x t u r e s  t h e r e o f  with 
o r g a n y l a l k o x y s i l a n e s ,  d i o r g a n y l d i a l k o x y s i l a n e s ,  o r  
t e t r a a l k o x y s i l a n e s  d i s s o l v e d  in e the r ,  w e r e  t r e a t e d  
with w a t e r  in the  p r e s e n c e  of a lka l i ne  c a t a l y s t s  ( am-  
monia) ,  o r  wi thout  them.  When 20% to luene  so lu t ions  
of the  r e s i n s  a r e  i n t roduced  by  c e n t r i f u g i n g  onto the  
s u r f a c e  of g l a s s ,  coppe r ,  g e r m a n i u m ,  o r  o t h e r  
m a t e r i a l s ,  and d r i e d  out, they  g ive  l i g h t - s e n s i t i v e  
coa t ings ,  p a s s i n g  o v e r  to the  i n so lub le  s t a t e  when 
i l l u m i n a t e d  with UV l ight  (e. g. by a P R K - 4  lamp) .  

Q u i c k - f o r m i n g  p h o t o s e n s i t i v e  f i l m s  w e r e  p r e p a r e d  
s i m i l a r l y  f r o m  t r i a l k o x y s i l y l m e t h y l  e s t e r s  of c i n n a -  
mic  ac id .  The  t h e r m o m e c h a n i c a l  p r o p e r t i e s  of such  
f i l m s  can be  v a r i e d  o v e r  a wide r a n g e  by v a r y i n g  the  
m o l e  r a t i o n s  of the  r e a c t a n t s ,  and the  n a t u r e s  of  the  
g roups  R in RSiX 3 o r  R2SiX 2 (X = C1, a lkoxy)  u sed  for  
c o h y d r o l y s i s  wi th  the  o r g a n o s i l i c o n  e s t e r s  of c i n n a -  
m i c  ac id  to m a k e  the r e s i n s .  

EXPERIMENTAL 

Hydrolysis of trimethoxysilylmethyl ester of 3- 
(2W-furyl)acrylic acid. A 3-necked flask fitted with a 

* F o r  P a r t  XIII s e e  [1]. 

mechanical stirrer, dropping funnel and reflux con- 
denser, was charged with i0 g trimethoxysilylmethyl 

ester of 3-(2'-furyl)acrylic acid and 60 ml diethyl 
ether, and 2.8 ml water added with vigorous stirring. 
After stirring for 3 hr, the reaction products were 
left overnight (16 hr). Then 4 ml 30% ammonia was 
added, the mixture stirred for 8 hr, neutralized with 
AcOH, the ether layer separated, and dried over 

MgSO 4. Distilling off the solvent gave 4 g light-sensi- 

tive resin. 
Similarly 24 g trimethoxysilylmethyl ester of 

cinnamic acid (in 35 ml ether), 5.4 ml water, and 
2.5 ml concentrated ammonia gave 16 g light-sensi- 
tive resin. After drying, the reduced viscosity of a 
0.5% toluene solution at 19 ~ C was 0.079, and that of 
a 0.72% toluene solution was 0.102. 

Cohydrolysis of the trimethoxysilylmethyl ester of 

3-(2'-furyl)acrylie acid with phenyltrimethoxysilane. 
3 ml Water was added to a vigorously stirred solution 
of 6.3 g trimethoxysilyl ester of 3-(2'-furyl)acrylic 
acid and 2 g phenyltrimethoxysilane in 50 ml ether, 
and the whole then stirred for 12 hr. The ether solu- 
tion was separated off and dried over MgSO4, the 

ether distilled off, giving 2.5 g residue, a light- 
sensitive resin. The reduced logarithmic viscosity 

of a 0.79% toluene solution was 0.046 at 20 ~ C. 

Cohydrolysis of the trimethoxylsilylmethyl ester 

of c i n n a m i e  ac id ,  wi th  p h e n y l t r i m e t h o x y l s i l a n e .  4.2 g 
P h e n y l t r i c h l o r o s i l a n e  was added  d r o p w i s e  to 12.8 g 
MeOH which  was  we l l  s t i r r e d .  Then  a so lu t ion  of 
22.6 g t r i m e t h o x y s i l y l r n e t h y l  e s t e r  of c i n n a m i c  ac id  
was  added,  d i s s o l v e d  in 60 ml  e the r ,  and 8 ml  w a t e r  
added  d r o p w i s e .  The  whole  was  then  s t i r r e d  fo r  an 
hour ,  and n e u t r a l i z e d  with  50% NaOH. The  e t h e r  
l a y e r  was  s e p a r a t e d  off, washed  with 10% NaC1, and 
d r i e d  o v e r  MgSO 4. The  so lven t  was  t aken  off u n d e r  a 
w a t e r - p u m p  vacuum.  Yie ld  20 g p h o t o s e n s i t i v e  r e s i n .  
A f t e r  d r y i n g  a 0.88% to luene  so lu t ion  had a r e d u c e d  
l o g a r i t h m i c  v i s c o s i t y  of 0.055 at  20 ~ C. 
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