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ABSTRACT 

Siloxane and perfluoroalkylene-containing polymers were inves- 
tigated as elastomeric fuel tank sealant mqterials. Isocyanato- 
phenyl-and isocyanatophenoxy-capped polysiloxane intermediates were 
prepared and polymerized by cyclotrimerization to form polyisocyanu- 
rate-linked polymers. Although the polymers having the phenoxy 
silicon bonding were hydrolytically unstable the phenylsilicon-bonded 
polymers were both hydrolytically and thermally stable. 

Isocyanatophenyl-capped perfluoroalkylene intermediates were 
prepared and polymerized by cyclotrimerization. The resulting iso- 
cyanurate polymer was thermally stable. Perfluoroalkylene diisocya- 
nate intermediates were prepared but these compounds could not be 
polymerized readily to form isocyanurates. 

The feasibility of linking perfluoroalkylene chains through 
acetylene trimerization reactions was investigated with the model 
compound, perfluoropropyl ethynyl ketone. Cyclotrimerization of this 
compound to form tris(perfluorobutyry1) benzene demonstrated this as 
a potential polymer linking reaction, but low yield and linear by- 
product formation obviate continued effort on this approach. 
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INTRODUCTION 

T h i s  i s  t h e  F i r s t  Annual Summary Repor t  on t h e  new polymer  
development  phase  (Task A )  o f  a  m u l t i - p a r t  program d i r e c t e d  a t  t h e  
development  o f  improved,  t h e r m a l l y - r e s i s t a n t  s e a l a n t  m a t e r i a l s  f o r  
use  i n  f u e l  t a n k s  o f  advanced h i g h  s p e e d  a i r c r a f t .  The o b j e c t i v e  
of t h i s  t a s k  i s  t h e  d e s i g n  and t a i l o r i n g  o f  new polymer s y s t e m s  
which can  be  e a s i l y  a p p l i e d ,  c u r e d  i n  p l a c e ,  and have t h e  modulus ,  
a d h e s i o n ,  s t r e n g t h ,  e l o n g a t i o n ,  r e s i s t a n c e  t o  permanent  s e t  and  
t h e r m a l  h y d r o l y s i s  and s o l v e n t  r e s i s t a n c e  n e c e s s a r y  t o  w i t h s t a n d  
t e m p e r a t u r e s  t o  5 0 0 - 6 0 0 ~ ~  i n  c o n t a c t  w i t h  hydrocarbon f u e l s .  I n  
a d d i t i o n ,  t h e s e  polymers  must n o t  c o n t r i b u t e  t o  s t r e s s  c o r r o s i o n  
o f  t i t a n i u m ,  

The new polymers  p roposed  a r e  b a s e d  p r i m a r i l y  on s i l o x a n e  
( s i l i c o n e )  and p e r f l u o r o c a r b o n  s t r u c t u r e s  t o  i n c o r p o r a t e  t h e  
a d v a n t a g e s  i n  h i g h  t e m p e r a t u r e  e l a s t o m e r i c  p r o p e r t i e s  o f f e r e d  by 
t h e  s i l o x a n e  polymers  and t h e  a d v a n t a g e s  i n  t h e r m a l  s t a b i l i t y  and 
hydrocarbon f u e l  r e p e l l e n c y  o f f e r e d  by f l u o r o p o l y m e r s ,  

Improved s o l v e n t  r e s i s t a n c e  and g r e a t e r  t h e r m a l  s t a b i l i t y  were 
t o  be  i m p a r t e d  t o  t h e  s i l o x a n e s  and improved f a b r i c a b i l i t y  and  
s t r e s s  c o r r o s i o n  r e s i s t a n c e  t o  t h e  f l u o r o p o l y m e r s .  These improve-  
ments were t o  be a c h i e v e d  t h r o u g h  t h e  u s e  o f  c h a i n  e x t e n d i n g  and 
c r o s s - l i n k i n g  r e a c t i o n s  t h a t  p r o v i d e  t h e r m a l l y  and h y d r o l y t i c a l l y  
s t a b l e  l i n k a g e  t h a t  p r e f e r a b l y  a l s o  c o n t r i b u t e  t o  hydroca rbon  
i n s o l u b i l i t y .  

Coupl ing  o f  t h e  s i l o x y  and f l u o r o c a r b o n  segments  was t o  be  
accompl i shed  t h r o u g h  i s o c y a n u r a t e  and benzene r i n g  f o r m a t i o n .  The 
t h e r m a l l y ,  o x i d a t i v e l y  and h y d r o i y t i c a l l y  s t a b l e  i s o c y a n u r a t e  r i n g  
i s  normal ly  r e a d i l y  formed by a  f a c i l e ,  low t e m p e r a t u r e  a d d i t i o n  
t y p e  t r i m e r i z a t i o n  o f  an  i s o c y a n a t e .  The p o l a r i t y  of  t h e  i s o c y a -  
n u r a t e  r i n g  was a l s o  e x p e c t e d  t o  r a i s e  t h e  c o h e s i v e  ene rgy  d e n s i t y  
and r e d u c e  s w e l l i n g  of  t h e  s i l i c o n e  polymer i n  a  hydroca rbon  f u e l .  
The t r i m e r f z a t i o n  of  a c e t y l e n f c  g roups  t o  a r o m a t i c  r i n g s  a l s o  
o f f e r e d  a p o t e n t i a l  low t e m p e r a t u r e ,  a d d i t i o n - t y p e  c u r i n g  r e a c t i o n  
r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  t h e r m a l l y  and o x f d a t i v e l y  s t a b l e  
c o u p l i n g  g r o u p s ,  

The i n t r o d u c t i o n  of  an  a r o m a t i c  r i n g  between t h e  polymer back-  
bone segment and t h e  r e a c t i v e  c o u p l i n g  f u n c t i o n a l  group was i n v e s -  
t i g a t e d  as a  t e c h n i q u e  f o r  u n i t i n g  b o t h  components i n  a s t a b l e  p r e -  
polymer and f o r  modera t ing  t h e  e l e c t r o n i c  e f f e c t  of  t h e  backbone 
segment on t h e  r e a c t i v i t y  of  t h e  c o u p l i n g  f u n c t i o n a l  g roup .  

Three  s p e c i f i c  sys t ems  have  been  i n v e s t i g a t e d  i n  i n i t i a l  s t u d i e s :  
System A - ~ s o c ~ a n u r a t e - l i n k e d  S f l o x a n e s ,  The two t y p e s  o f  s t r u c t u r e s  
(shown be low)  d i f f e r  i n  t h e i r  manner o f  l f n k a g e  between t h e  s i l i c o n e  
atom and p h e n y l  r i n g c  



In these and subsequent structures the methyl group is represented 
by the symbol Me. 

System B - Isocyanurate-linked Fluoropolymers. 



System C - Aromatic Rfng-linked Fluoropolymers. 

The feasibility of linking perfluoroalkyl acetylenic intermediates 
by a cyclotrimerization reaction to form the aryl linking segments 
shown above was tested with model compounds. 



SUMMARY AND CONCLUSIONS 

I s o c y a n a t o p h e n y l  capped s i l o x a n e  p repo lymers  w i t h  s i l i c o n  
connec ted  d i r e c t l y  t o  an a r o m a t i c  r i n g  i n  t h e  backbone have  been  
p r e p a r e d  and po lymer ized  t h r o u g h  i s o c y a n u r a t e  r i n g  f o r m a t i o n .  
These polymers  have shown p r o m i s i n g  h y d r o l y t i c  s t a b i l i t y ,  t h e r m a l  
s t a b i l i t y  and JP-4 f u e l  r e s i s t a n c e  i n  p r e l i m i n a r y  e v a l u a t i o n s .  
The polymer based  on a t e t r a s i l o x a n e  segment showed a  r e a s o n a b l e  
d e g r e e  o f  e x t e n s i b i l i t y ,  a l t h o u g h  l e s s  t h a n  g e n e r a l l y  d e s i r e d  f o r  
an e l a s t o m e r .  S i m i l a r  i socyanatophenoxy-capped s i l o x a n e  polymers  
c o n t a i n i n g  an Si-0-C l i n k a g e  j o i n i n g  t h e  s i l i c o n  and a r o m a t i c  
r i n g s  showed p o o r  h y d r o l y t i c  s t a b i l i t y  and were removed from 
f u r t h e r  c o n s i d e r a t i o n .  A f u r t h e r  improvement i n  t h e  e l a s t o m e r i c  
p r o p e r t i e s  o f  t h e  s i l o x a n e  polymers  i s  e x p e c t e d  w i t h  s l i g h t  a d d i -  
t i o n a l  l e n g t h e n i n g  o f  t h e  s i l o x a n e  segment ,  b u t  a t  some s a c r i f i c e  
i n  hydrocarbon f u e l  r e s i s t a n c e .  

A perfluoroalkyl(aryl)diisocyanate c o n t a i n i n g  an a,w-per- 
f l u o r o p r o p y l e n e  segment  h a s  been  p r e p a r e d  and c o n v e r t e d  t o  a r i g i d  
i s o c y a n u r a t e  l i n k e d  polymer t h a t  shows good t h e r m a l  and h y d r o l y t i c  
s t a b i l i t y .  No p o l y i s o c y a n u r a t e  c o u l d  b e  o b t a i n e d  from c o m p l e t e l y  
a l i p h a t i c  p e r f l u o r i n a t e d  d i i s o c y a n a t e s  s o  t h e s e  i s o c y a n a t e s  were 
n o t  f u r t h e r  i n v e s t i g a t e d .  I n  f u t u r e  e f f o r t s  p o l y i s o c y a n u r a t e s  
from perfluoroalkyl(aryl)diisocyanates w i t h  l o n g e r  p e r f l u o r o a l k y l e n e  
segments  w i l l  b e  s o u g h t  t o  p r o v i d e  e l a s t o m e r i c  p r o p e r t i e s .  

Model compound s t u d i e s  have d e m o n s t r a t e d  t h e  t e c h n i c a l  f e a s i -  
b i l i t y  o f  s y n t h e s i z i n g  and t r i m e r i z i n g  p e r f l u o r o a l k y l  e t h y n y l  k e t o n e s  
t o  p e r f l u o r o a c y l  benzene  compounds, The s y n t h e s i s  of  i n t e r m e d i a t e s  
o c c u r r e d  o n l y  i n  poor  y i e l d s ,  however.  P r e l i m i n a r y  a t t e m p t s  t o  
t r i m e r i z e  a  p e r f l u o r o a l k y l  a c e t y l e n i c  compound were u n s u c c e s s f u l .  A t  
t h e  c u r r e n t  s t a g e  o f  development  t h i s  r o u t e  does  n o t  a p p e a r  a t t r a c -  
t i v e  f o r  e x t e n s i o n  t o  development  of  a  s e a l a n t  sys t em.  



111, RESULTS AND DISCUSSION 

A ,  ISOCYANURATE-LINKED SILOXANES 

The immediate  o b j e c t i v e  o f  t h i s  f i r s t  approach  was t o  l i n k  
s i l o x a n e  p repo lymers  t h r o u g h  c y c l o t r i m e r i z a t i o n  o f  t e r m i n a l  i s o -  
c y a n a t e  g r o u p s ,  S i n c e  t h e  i n s t a b i l i t y  o f  t h e  Si-N l i n k a g e  p r e -  
c l u d e s  c o n s i d e r a t i o n  of an  i s o c y a n a t o s i l a n e  s t r u c t u r e ,  i s o c y a n a t e s  
l i n k e d  t o  s i l i c o n  th rough  hydroca rbon  m o i e t i e s  were employed. Ary l  
i s o c y a n a t e s  were c o n s i d e r e d  p r e f e r a b l e  t o  a l i p h a t i c  i s o c y a n a t e  sub- 
s t i t u e n t s  b e c a u s e  of  g r e a t e r  r e a c t i v i t y  of t h e  a r y l  i s o c y a n a t e s  
and g r e a t e r  s t a b i l i t y  a n t i c i p a t e d  of  t h e  r e s u l t i n g  p r o d u c t s .  

Both pheny l  and phenoxy s i l i c o n  l i n k a g e s  were c o n s i d e r e d  t o  
be a p p l i c a b l e  even  though t h e  p o s s i b i l i t y  o f  g r e a t e r  h y d r o l y t i c  
i n s t a b i l i t y  o f  t h e  l a t t e r  was r e c o g n i z e d .  The h y d r o l y t i c  s t a b i l i t y  
of  t h e  a r y l o x y s i l a n e s  i s  known t o  b e  g r e a t e r  t h a n  t h a t  o f  t h e  
s i m p l e  a l k o x y s i l a n e s ,  The s t a b i l i t y  o f  t h i s  l i n k a g e  i n  a polymer ,  
however,  was c o n s i d e r e d  t o  have a  good chance of  b e i n g  a d e q u a t e  f o r  
t h e  f u e l  t a n k  s e a l a n t  a p p l i c a t i o n ,  Fur the rmore ,  t h e  e a s e  o f  syn- 
t h e s i s  o f  isocyanatophenoxysiloxane i n t e r m e d i a t e s  i n  compar ison  
w i t h  t h e  i s o c y a n a t o p h e n y l s i l y 1  i n t e r m e d i a t e s  made t h e  fo rmer  t h e  
p r e f e r r e d  c h o i c e  f o r  i n i t i a l  e v a l u a t i o n ,  

1. Isoeyanatophenoxysiloxanes. 

a ,  Polymer P r e p a r a t i o n  and C h a r a c t e r i z a t i o n .  The polym- 
e r i z a t i o n  o f  f o u r  i socyana tophenoxy  capped s i l o x a n e s  t o  i s o c y a n u r a t e  
polymers  p roceeded  r e a d i l y  w i t h  an  N,N,Nt,N1-tetramethyl-1,3-butane- 
d iamine  and a l l y 1  g l y c i d y l  e t h e r  c o c a t a l y s t  sys t em.  

0 0 

The absence  o f  N C O  a b s o r p t i o n  i n  t h e  i n f r a r e d  s p e c t r a  combined 
w i t h  model compound work d i s c u s s e d  l a t e r  i n d i c a t e d  c o n v e r s i o n  t o  
i s o c y a n u r a t e  and p o s s i b l y  c y c l i c  d imer  had o c c u r r e d ,  

The p h y s i c a l  s t a t e  and s o f t e n i n g  t e m p e r a t u r e s  o f  t h e  polymer  
p r o d u c t s  o b t a i n e d  are summartzed i n  T a b l e  9. 



T a b l e  1 

CYCLOTRIMERIZATION OF ISOCYANATE-CAPPED SILOXANE INTERMEDIATES 

Cure C o n d i t i o n s  

Time, Temp. P roduc t  V i c a t  S o f t e n i n g  
Sample x  = h r  O C P r o p e r t i e s  P o i n t ,  O C  

( 1 )  1 1 7  100 h a r d ,  b r i t t l e  95 

( 2  2  2 4  100 h a r d  70 

( 3 )  a 3 . 5  84 100 f l e x i b l e  20 

( 4  1 1 . 8  86 100 s o f t - c h e e s y  -- 

By i n c r e a s i n g  t h e  l e n g t h  o f  t h e  s i l o x a n e  segment ,  polymer f l e x -  
i b i l i t y  and lower  s o f t e n i n g  t e m p e r a t u r e  were  found t o  be  a t t a i n a b l e .  
The most i n t e r e s t i n g  polymer had  a p p r o x i m a t e l y  3 . 5  s i l o x y  g roups  p e r  
s i l o x a n e  segment and  a t e n s i l e  s t r e n g t h  o f  260 p s i  w i t h  60% e l o n g a -  
t i o n .  Thermograv ime t r i c  a n a l y s i s  showed r e l a t i v e l y  l i t t l e  w e i g h t  
l o s s  below 350°C, ( F i g u r e  1 ) .  

The h y d r o l y t i c  s t a b i l i t y  o f  t h e  phenoxy s i l o x a n e  polymers  was 
u n s a t i s f a c t o r y .  The a r y l o x y s i l i c o n  l i n k a g e ,  as d i s c u s s e d  above ,  was 
r e c o g n i z e d  i n i t i a l l y  a s  a  p o t e n t i a l  s i t e  o f  h y d r o l y t i c  i n s t a b i l i t y .  
When t h e s e  polymers  were b o i l e d  i n  d i s t i l l e d  w a t e r ,  t h e y  were found  
t o  degrade  a t  a s u r p r i s i n g l y  r a p i d  r a t e .  Fur the rmore ,  t h e  unhydro lyzed  
polymer was found t o  b e  s o l u b l e  i n  e t h a n o l  as w e l l  as a c e t o n e  and  
d imethyl formamide .  Had i n f r a r e d  a n a l y s i s  n o t  shown t h e  a b s e n c e  o f  
f r e e  -N=C=O g r o u p s ,  t h e s e  o b s e r v a t i o n s  would have  s u g g e s t e d  i n c o m p l e t e  
r e a c t i o n .  By compar ison ,  hexamethylene  p o l y i s o c y a n u r a t e  when b o i l e d  
i n  w a t e r  f o r  24 h o u r s  appea red  t o  b e  t o t a l l y  u n a f f e c t e d .  These  
r e s u l t s  s u g g e s t e d ,  t h e r e f o r e ,  t h a t  e i t h e r  t h e  s t a b l e  i s o c y a n u r a t e  
r i n g  s t r u c t u r e  was n o t  formed o r  t h a t  t h e  a r y l o x y - s i l i c o n  l i n k a g e  was 
h y d r o l y z e d  more r e a d i l y  t h a n  e x p e c t e d .  

An a t t e m p t  was made t o  i s o l a t e  and i d e n t i f y  t h e  p r o d u c t s  o f  
h y d r o l y t i c  d e g r a d a t i o n  t o  g a i n  f u r t h e r  i n s i g h t  i n t o  t h e  polymer s t r u c -  
t u r e  and mode o f  h y d r o l y s i s .  Although a  p o l y d i m e t h y l s i l o x a n e  o i l  was 
i s o l a t e d ,  i n d i c a t i n g  Si-0-Ar bond c l e a v a g e ,  t h e  a n t i c i p a t e d  i s o c y a -  
n u r a t e  t r i p h e n o l  ( I )  was n o t  found.  N,Nf-di(m-hydroxypheny1)urea ( 1 1 )  
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was i s o l a t e d  from t h e  h y d r o l y s i s  m i x t u r e ,  a l o n g  w i t h  m-aminophenol, 
however.  

H P HyJ 
HO \ N-C-N OH 

I s o l a t i o n  o f  I1 s u g g e s t s  t h a t  a s t r u c t u r e  o t h e r  t h a n  an  i s o -  
c y a n u r a t e  may have  been  formed i n  t h e  p o l y m e r i z a t i o n .  A d imer ,  111, 
which c o u l d  be  e x p e c t e d  t o  h y d r o l y z e  t o  t h e  u r e a ,  11, f o r  example,  
c o u l d  accoun t  f o r  t h i s  p r o d u c t .  

S i n c e  t h e  s t r u c t u r e  o f  t h e  p r o d u c t s  formed i n  t h e s e  i s o c y a n a t e  
p o l y m e r i z a t i o n  r e a c t i o n s  i s  i m p o r t a n t  r e g a r d l e s s  o f  S i -0-phenyl  
h y d r o l y s i s ,  t h i s  polymer l i n k i n g  r e a c t i o n  was i n v e s t i g a t e d  f u r t h e r .  

The p r e p a r a t i o n  and h y d r o l y s i s  o f  t h e  polymer o f  t h e  monofunc- 
t i o n a l  m - t r i m e t h y l s i l o x y p h e n y l  i s o c y a n a t e  m e l t e d  below 100° .  T h i s  
p r o d u c t  was h y d r o l y z e d  by r e f l u x i n g  w i t h  w a t e r  f o r  20 h o u r s .  A 
small p o r t i o n  of t h e  t o t a l  h y d r o l y z a t e  was i d e n t i f i e d  a s  11, b i s (m-  
hydroxypheny1)u rea .  When a p o r t i o n  o f  t h e  above c r u d e  c y c l i c  t r i m e r  
was r e c r y s t a l l i z e d  from hexane ,  a  w h i t e  c r y s t a l l i n e  s o l i d  m e l t i n g  
a t  129-130° was o b t a i n e d .  T h i s  p r o d u c t  was a l s o  formed d i r e c t l y  i n  
90% y i e l d  upon p o l y m e r i z a t i o n  o f  m - t r i m e t h y l s i l o x y p h e n y l  i s o c y a n a t e  
i n  hexane s . o l u t i o n .  H y d r o l y s i s  o f  t h i s  p u r i f i e d  t r i m e r ,  by r e f l u x -  
i n g  i n  w a t e r  f o r  3  h o u r s ,  formed a  w h i t e  c r y s t a l l i n e  s o l i d  m e l t i n g  
a t  358O. T h i s  p r o d u c t  was i d e n t i f i e d  a s  tris(m-hydroxypheny1)iso- 
c y a n u r a t e  ( I ) .  



Although several interpretations as to the products formed in 
the polymerization and hydrolyses are possible, it is clear that 
the Si-0-phenyl linkage hydrolyzes quite rapidly in water under 
reflux conditions. 

It is possible the isocyanurate is not the sole product formed 
in the bulk polymerization of these intermediates. Formation of 
some cyclic dimer I11 or even an "abnormal" trimer IV of the type 
described by Slotta and Tschesche could account for the formation of 
N,N1-bis(m-hydroxypheny1)urea (Ref, 1). 

The data does not preclude the possibility that the tris(m- 
hydroxypheny1)isocyanurate upon extended hydrolysis is also converted 
to the b4s(m-hydroxyphenyl)u~ea~ 

b. Isocyanurate Intermediate Synthesis. The isocyanato- 
phenoxydi- and trisiloxane intermediates were prepared by the follow- 
ing reaction sequence: 



Initial attempts to convert the arnine and amine hydrochloride 
to the isocyanate by reaction with phosgene were not successful. 
Small amounts of impure isocyanate were obtained but cleavage of 
the phenoxy group from the silicon by evolved HC1 was suspected. 
Successful phosgenation was carried out by adding a solution of the 
arnine to a cold mixture of phosgene in dry pyridine followed by 
warming to 25OC, filtering and d-istilling. 

A higher molecular weight intermediate was prepared by alkali- 
catalyzed equilibration of a mixture of 1,3-bis (m-aminophenoxy ) tetra- 
methyldisiloxane and h e x a r n e t h y l c y c l o t r i s i l o x a n e  and phosgenation of 
the diamine products. A small quantity of material averaging 4.5 
silicons was also obtained by molecular distillation of the crude 
isocyanate intermediate. 

2. Isocyanatophenylsiloxane, 

a- Polymer Preparation and Characterization. Synthesis 
of alternative isocyanate-capped intermediates having the iso- 
cyanatophenyl group linked directly to the silicon was initiated 
after the isocyanatophenoxysiloxane intermediates were found to 
give polymers that hydrolyzed rapidly. Encouragement that irn- 
proved polymer stability could be achieved was provided by model 
compound work that showed that the cyclic trimer of p-trimethyl- 
silylphenylisocyanate possessed good hydrolytic stability. 

These diisocyanate intermediates polymerized very readily with 
the N,Nt-tetramethyl-1,3-butanediamine/allyl glycidyl ether co- 
catalyst system. The disiloxane formed a hard glassy brittle 
polymer, but the tetrasiloxane polymer shown below was a tough 
plastic. This change was sufficiently large to indicate that a 
further small extension of the siloxane chain segment might give 
the desired properties, 

This polyisocyanurate had a tensile strength of 2000 psi with 
13% elongation. When boiled for 24 hours in JP-4 fuel at 135OC the 
polymer swelled slightly and was found to have gained 30% by weight. 

The torsional modulus versus temperature curve is shown in 
Figure 2. The thermal stability of the tetrasiloxane was not deter- 
mined but the disiloxane showed slightly better thermal stability 
than the polymer containing the phenoxy-silicon linkage discussed 
earlier (Figure 3)0 
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b. Isocyanate Intermediate Synthesis. For model com- 
pound studies, the monofunctional p-trimethylsilylphenyl isocyanate 
was prepared from p-trimethylsilylbenzoic acid by the method of 
Sakata and Hashimoto ( ~ e f .  2). 

Three routes to difunctional isocyanatophenyl-terminated 
siloxanes were considered to be potentially applicable. The first 
route is outlined as follows: 

Kuckertz (Ref. 3) has reported the synthesis of 3,3'-(tetra- 
methyldisiloxanylene)dianiline by nitration of phenyldimethyl 
fluorosilane followed by hydrolysis and catalytic reduction. 

The major limitation appears to be the nitration, which gives 
a mixture of four products. Although the final step, phosgenation 
of 1,3-bis(p-aminophenyl)-3,1,3,3-tetramethyldisiloxane, to form 
the diisocyanate is reported to have been carried out in 70% yield 
(Ref. 4),. cleavage of the phenyl group would appear to be a poten- 
tial side reaction. 

A second route involves the synthesis of 1,3-bis(p-toly1)-l,l,- 
3,3-tetramethyldisiloxane, oxidation to the dicarboxylic acid and 
conversion to the diisocyanate via the acid chloride and Curtius 
reactions as outlined below. 
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The 4,41-(tetramethyldisiloxanylene)diphenyl i s o c y a n a t e  was p r e -  
p a r e d  w i t h o u t  d i f f i c u l t y  by t h i s  second r o u t e  u s i n g  d i s t i l l e d  a c i d  
c h l o r i d e .  

The s a t i s f a c t o r y  s y n t h e s i s  o f  t h e  d i s i l o x a n e  a c i d  c h l o r i d e  u s i n g  
t h i o n y l  c h l o r i d e  was somewhat s u r p r i s i n g  i n  view of  t h e  r e p o r t e d  H C 1 -  
c a t a l y z e d  r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  h e x a m e t h y l d i s i l o x a n e  

( R e f s .  7 and 8 )  and p o s s i b i l i t y  o f  p h e n y l - s i l i c o n  bond c l e a v a g e  u n d e r  
a c i d i c  c o n d i t i o n s .  The para  c a r b o x y l  g roups  of  t e t r a m e t h y l d i s i l o x -  
a n y l e n e d i b e n z o i c  a c i d  no doubt  c o n t r i b u t e  t o  i n c r e a s e d  p h e n y l - s i l i c o n  
bond s t a b i l i t y .  

U n t i l  r e f e r e n c e  t o  work o f  Mal fnova  and Mikheev was found ,  t h e  
use  o f  t h i o n y l  c h l o r i d e  w i t h  t h e  d i s i l o x a n e  was avo ided  b e c a u s e  o f  t h e  
a n t i c i p a t e d  c l e a v a g e  o f  t h e  s i l o x a n e .  The r e a c t i o n  o f  t h e  sodium s a l t  
o f  t h e  a c i d  w i t h  o x a l y l  c h l o r i d e  as d e s c r i b e d  by Adams and U l i c h  
(Ref .  9) was employed t o  a v o i d  f o r m a t i o n  o f  anhydrous  hydrogen ch lo -  
r i d e .  00 

il il 
RCOONa + C l C C C l  ---t R-COC1 + N a C l  + CO, + co 

At tempts  t o  c o n v e r t  t h e  c r u d e  a c i d  c h l o r i d e  t o  i s o c y a n a t e ,  however,  
r e s u l t e d  i n  polymer f o r m a t i o n  upon a t t e m p t e d  d i s t i l l a t i o n .  

Mal1nova and Mikheev r e p o r t e d  t h a t  r e a c t i o n  o f  t h i o n y l  c h l o r i d e  
w i t h  t h e  d i a c i d  i n  t h e  p r e s e n c e  of a  c a t a l y t i c  amount o f  a c e t i c  a c i d  
caused  c l e a v a g e  o f  t h e  s i l o x a n e  and f o r m a t i o n  of  c h l o r o d i m e t h y l s i l y l -  
b e n z o y l  c h l o r i d e  ( R e f .  6 ) .  



T h i s  c o n v e r s i o n  t o  chlorodimethylsilylbenzoyl c h l o r i d e  a p p e a r e d  t o  
p r o v i d e  n o t  o n l y  a c o n v e n i e n t  s y n t h e s i s  o f  t h i s  i n t e r m e d i a t e  f o r  
subsequen t  c o n v e r s i o n  t o  h l g h e r  s i l o x a n e s  b u t  a l s o  a  method o f  
e l i m i n a t i n g  u n o x i d i z e d  t o l y l s i l a n e  i m p u r i t i e s  by c o n v e r s i o n  t o  
tolyldimethylchlorosilane which c o u l d  b e  s e p a r a t e d  by d i s t i l l a t i o n .  

Trea tment  o f  c r u d e  4,4-(tetramethyldisiloxanylene)dibenzoic 
a c i d  w i t h  t h e  t h i o n y l  c h l o r i d e  and a c e t i c  a c i d  gave c h l o r o d i m e t h y l -  
siloxydimethylsilylbenzoyl c h l o r i d e  i n  a d d i t i o n  t o  c h l o r o d i m e t h y l -  
s i l y l b e n z o y l  c h l o r i d e  and d i a c i d  c h l o r i d e .  
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I s o l a t i o n  o f  chlorodimethylsiloxydimethyl~ilylbenzoyl c h l o r i d e  
s u g g e s t s  t h a t  t h e  t o l y l  group was p r e f e r e n t i a l l y  c l e a v e d  from t h e  
s i l i c o n ,  a  c o n c l u s i o n  n o t  i n c o n s i s t e n t  w i t h  t h e  s t a b i l i z i n g  e f f e c t  
of t h e  c a r b o n y l  s u b s t i t u t e d  on t h e  p h e n y l - s i l i c o n  bond. 

P o s s i b l y  r e l a t e d  t o  t h i s  e f f e c t  was t h e  o b s e r v a t i o n  t h a t  t h e  
s p e c i f i c  r e f r a c t i o n  v a l u e s  found and c a l c u l a t e d  f o r  t h e  two l i q u i d  
p r o d u c t s  d i d  n o t  a g r e e  w i t h i n  t h e  normal  l i m i t s  o f  e r r o r .  T h i s  d i s -  
p a r i t y  between obse rved  and c a l c u l a t e d  mola r  r e f r a c t i o n s  was a t t r i -  
b u t e d  t o  an e x a l t a t i o n  o f  t h e  mola r  r e f r a c t i o n  by t h e  p a r a  c a r b o n y l  
c h l o r i d e  s u b s t i t u e n t ,  a  p h y s i c a l  m a n i f e s t a t i o n  ana logous  t o  t h e  
d e c r e a s e d  chemica l  r e a c t i v i t y  o f  t h e  p h e n y l - s i l i c o n  bond caused  by 
a  p a r a  c a r b o n y l  c h l o r i d e  s u b s t i ~ ~ u e n t .  

The i s o l a t i o n  o f  p-(ch1orod~methylsiloxydimethylsflyl)benzoyl 
c h l o r i d e  p r o v i d e d  a  conven ien t  r o u t e  t o  t h e  t e t r a s i l o x a n e  i n t e r -  
med ia t e  t h r o u g h  s e l e c t i v e  h y d r o l y s i s  o f  t h e  s i l i c o n  c h l o r i d e .  
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Subsequent reaction with sodium azide as in the previous experiments 
formed the diisocyanate. 

Co-hydrolyses of chlorodimethylsilylbenzoyl chloride with dimethyl- 
dichlorosilane should form polysiloxanes also, but the success of this 
method will depend on reaction conditions and relative hydrolysis 
rates of the chlorosilanes. A trial hydrolysis of phenyldimethyl- 
chlorosilane with tetramethyldisiloxanediol, for example, gave a mix- 
ture of products that appeared to include cyclic dimethylsiloxanes 
as well as a mixture of phenyldimethylsilyl-terminated linear siloxanes. 

An effort was made to prepare the isocyanatophenylpolysiloxane 
intermediates by a third route considered to be potentially simpler 
than those described above. This route involved a sodium coupling 
of a chlorosilane with p-bromoaniline followed by direct conversion 
to the isocyanate with phosgene. 

It was assumed that the disilylation of the amine hydrogens 
(Reaction 1) would precede the sodium coupling reaction (Reaction 2). 



Attempts to carry out this reaction directly from bromaniline gave 
a mixture of close-boiling silylated products, CGH5NHSiMe3, 
C6H5N(SiMe3)2 and 

Me 3Si e N H S i M e  a 

When N-trimethylsilylbromoaniline was employed as the starting 
material, the desired p-trimethylsilyl-N,N-bis(trimethylsilyl)aniline 
and by-product N-phenylhexamethyldisilanzane were obtained. 

Isolation of the latter suggests that the bromo substituent reacted 
with sodium to form the aryl sodium derivative, which immediately 
exchanged with the amine hydrogen, and was followed by silylation of 
the amine. 

The feasibility of the conversion of the N,N-bis(trimethy1- 
sily1)aniline intermediate to the isocyanate by reaction with phos- 
gene as outlined above was demonstrated using the N,N-bis(trimethy1- 
sily1)aniline that was isolated. Recovery of phenyl isocyanate and 
formation of trimethylchlorosilane upon treatment with phosgene 
proved the reaction shown below. 

This reaction, phosgenation of a disilylamine, avoids the elimina- 
tion of anhydrous HC1, and may prove useful in other isocyanate 
syntheses. 

The sodium coupling of m-chlorophenylhexamethyldisilazane 
with trimethylchlorosilane was recently found to have been reported 
by Walton (Ref. 10) who obtained N,N-bis(trimethylsily1)-m-trimethyl- 
silylaniline in 73% yield. 

The preparation of N-(p-1ithiophenyl)hexamethyldisilazane from 
p-bromoaniline, as described by Walton, followed by coupling with 
a,w-dichloropolysiloxane and then phosgenation should provide a 



r e a s o n a b l y  s t r a i g h t f o r w a r d  s y n t h e s i s  o f  t h e  d e s i r e d  p o l y s i l o x a n e  
d i i s o c y a n a t e s .  
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B.  ISOCYANURATE-LINKED FLUOROPOLYMERS 

The p r i n c i p a l  o b j e c t i v e  o f  t h e  second approach  was t o  d e t e r m i n e  
t h e  f e a s i b i l i t y  o f  l i n k i n g  f l u o r o p o l y m e r  prepolymer  segments  t h r o u g h  
i s o c y a n u r a t e  r i n g  f o r m a t i o n .  

I socyana te -capped  s h o r t  c h a i n  f l u o r o c a r b o n  p repo lymers  of  two 
t y p e s  have been  p r e p a r e d  - w i t h  and w i t h o u t  pheny lene  g roups  i n t e r -  
posed between t h e  i s o c y a n a t e  end groups  and t h e  f luo ropo lymer  seg -  
ments .  The l a t t e r  i s o c y a n a t o p h e n y l  capped p repo lymers  were found t o  
t r i m e r i z e  s a t i s f a c t o r i l y  whereas t h e  f l u o r o a l k y l  i s o c y a n a t e s  would 
n o t  t r i m e r i z e  under  t h e  c a t a l y s t  c o n d i t i o n s  examined.  The g r e a t e s t  
e f f o r t  was t h e r e f o r e  expended on t h e  i s o c y a n a t o p h e n y l  capped po lymers .  

1. Perfluoroalkyldiisocyanate~~ Attempts  t o  t r i m e r i z e  hexa-  
f l u o r o t r i m e t h y l e n e  d i i s o c y a n a t e  w i t h  h i g h l y  a c t i v e  c a t a l y s t / c o c a t a l y s t  
sys tems d i d  n o t  y i e l d  i s o c y a n u r a t e  polymer.  



t r i m e r  

T r i e t h y l e n e d i a m i n e  (DABCO), a s o l i d  c a t a l y s t ,  was i n s o l u b l e  i n  t h e  
monomer. The DABCO appea red  t o  become e n c a p s u l a t e d  by i n s o l u b l e  
polymer t h a t  may have  p r e v e n t e d  f u r t h e r  p o l y m e r i z a t i o n .  T e t r a m e t h y l -  
bu taned iamine ,  a  l i q u i d  c a t a l y s t ,  was a l s o  i n c o m p a t i b l e  w i t h  t h e  
monomer and no polymer was o b t a i n e d .  The normal ly  h i g h l y  e f f e c t i v e  
c o c a t a l y s t ,  a l l y 1  g l y c i d y l  e t h e r ,  was used  i n  b o t h  c a s e s .  

I n  f u r t h e r  p o l y m e r i z a t i o n  a t t e m p t s  u s i n g  a s o l v e n t  f o r  t h e  
c a t a l y s t ,  g r e a t e r  c o m p a t i b i l i t y  o f  t h e  amine w i t h  d i i s o c y a n a t e  was 
a c h i e v e d .  Some s o l i d  f o r m a t i o n  was n o t e d  i n  s o l u t i o n  p o l y m e r i z a t i o n  
a t t e m p t s  w i t h  t h e  c a t a l y s t  s y s t e m  shown i n  T a b l e  2 .  

The s m a l l  amount o f  p r o d u c t  (<25%) o b t a i n e d  i n  t h i s  manner i n  
t h e  p r e s e n c e  o f  a DABCO/allyl g l y c i d y l  e t h e r  c o c a t a l y s t  sys t em ( R e f .  
1 1 )  a p p e a r e d  by i n f r a r e d  s p e c t r a l  a n a l y s i s  and low m e l t i n g  tempera-  
t u r e  (81°C) t o  b e  a m i x t u r e  o f  u n r e a c t e d  i s o c y a n a t e  and a  t h e r m a l l y  
u n s t a b l e  d imer  r a t h e r  t h a n  t h e  d e s i r e d  s t a b l e  t r i m e r .  

d imer  

T r i m e r i z a t i o n  c a t a l y s t s  t h a t  showed no a p p a r e n t  polymer o r  o t h e r  
s o l i d  p r o d u c t  f o r m a t i o n  a r e  shown i n  T a b l e  3. These s y s t e m s ,  which 
have been  r e p o r t e d  i n  o t h e r  work t o  b e  e f f e c t i v e  f o r  t h e  i s o c y a n a t e -  
t o - i s o c y a n u r a t e  c o n v e r s i o n ,  were i n e f f e c t i v e  w i t h  t h e  p e r f l u o r o a l i -  
p h a t i c  i s o c y a n a t e s  . 
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The activity of the DABCO/allyl glycidyl ether catalyst/co- 
catalyst system was established by polymerizing phenyl isocyanate 
under the same polymerization conditions. A good yield (over 60%) 
of cyclic trimer, showing an infrared spectrum with no isocyanate 
absorption and strong, sharp absorption characteristic and high 
melting point (m.p. 282-288O~) of phenyl isocyanurate (m.p. 284- 
285OC) was obtained. 

The deactivation of the perfluoroalkyl isocyanates toward 
trimerization under anionic catalysis likely results from lowered 
reactivity of an intermediate species such as the following: 

0 
X- + RfNCO --+ Rf-N-C=O (inactive ) 

I 

The strong electron-withdrawing character of the perfluoroalkyl 
group probably reduces the basicity of the anion sufficiently to 
inhibit further reaction with isocyanate. The failure of a large 
amount of isocyanurate formation to occur in a 1/1 mixture of the 
fluorodiisocyanate and phenyl isocyanate is consistent with this 
suggestion, particularly since phenyl isocyanate homotrimerized 
easily. 

2. Perfluoroalkylaryldiisocyanates. 

a. Model Compound Studies. Trimerization studies of a 
model perfluoroalkyl phenyl isocyanate showed that a phenylene group 
interposed between the fluoroaliphatic and isocyanate functions 
reduced the deactivating effect of the f luoroaliphatic group toward 
trimerization. 

The melt trimerization of m-trifluoromethylphenyl isocyanate 
yielded tris(m-trifluoromethylphenyl) isocyanurate in the presence 
of 3 mole percent of tributylantimony oxide at room temperature. The 
melting range (200-203°C) and the infrared spectrum [bands at 
1730 cm-I (s), 758 cm-l(s), and 700 cm-l(s)] of the recrystallized 
product very closely resemble those of phenyl isocyanate trimer 
(Ref. 18). Also, the absence of bands at 3300 cm-I and 2275 cm-I 
indicate the absence of urethane, urea, or isocyanate functionality. 



The same r e a c t i o n  was a t t e m p t e d  u s i n g  a DABCO ( t r i e t h y l e n e  
d i a m i n e )  a l l y l  g l y c i d y l  e t h e r  c o c a t a l y s t  sys t em.  Some s o l i d  
p r o d u c t  was formed b u t  an a t t e m p t e d  r e c r y s t a l l i z a t i o n  from e t h a n o l  
y i e l d e d  a s y r u p  t h a t  showed I R  a d s o r p t i o n  c h a r a c t e r i s t . i c s  o f  u re -  
t h a n e s  a n d / o r  u r e a s ,  On t h i s  b a s i s ,  we b e l i e v e  t h a t  t h e  i n i t i a l  
s o l i d  formed was d imer .  

A r e a s o n a b l y  p u r e  monomer was n e c e s s a r y  b e f o r e  t r i m e r i z a t i o n  
c o u l d  o c c u r .  R e s i d u a l  a c i d  c h l o r i d e  from which t h e  i s o c y a n a t e  was 
s y n t h e s i z e d  was found t o  e f f e c t i v e l y  i n h i b i t  t h e  c y c l i z a t i o n  r e a c -  
t i o n .  

b .  Polymer P r e p a r a t i o n  and C h a r a c t e r i z a t i o n .  I n  ex tend-  
i n g  t h e  model compound work t o  t h e  p r e p a r a t i o n  o f  po lymers ,  i s o -  
c y a n a t o p h e n y l  capped a ,w-hexaf luoropropy lene  and a , w - o c t a f l u o r o -  
b u t y l e n e  prepolymer  i n t e r m e d i a t e s  were f i r s t  p r e p a r e d .  The 
p r o p y l e n e  i n t e r m e d i a t e  was c o n v e r t e d  t o  polymer.  The s y n t h e s i s  o f  
t h e  homologous t e t r a f l u o r o e t h y l e n e  d i i s o c y a n a t e  c o u l d  n o t  b e  
a c h i e v e d .  These f l u o r o a l k y l  segments  were e x p e c t e d  t o  be  t o o  s h o r t  
t o  i m p a r t  e l a s t o m e r i c  p r o p e r t i e s ,  b u t  e x t e n s i o n  o f  t h i s  work t o  
l o n g e r  c h a i n  p e r f l u o r o a l k y l  and p e r f l u o r o a l k y l - e t h e r  segments  was 
p l a n n e d  a f t e r  t h e  s y n t h e s i s  p r o c e d u r e  was e s t a b l i s h e d  on more r e a d i l y  
a v a i l a b l e  sys t ems .  

The DABCO ( t r i e t h y l e n e d i a m i n e ) / a l . l y l  g l y c i d y l  e t h e r  c o c a t a l y s t  
sys t em was h i g h l y  e f f e c t i v e  f o r  p o l y m e r i z a t i o n  o f  t h e  p r o p y l e n e  
d i i s o c y a n a t e ,  

I s o c y a n u r a t e  f o r m a t i o n  o c c u r r e d  e a s i l y  a t  room t e m p e r a t u r e  by 
t r e a t i n g  t h e  i s o c y a n a t e  w i t h  3  mole p e r c e n t  o f  DABCO (10% s o l u t i o n  
i n  b e n z e n e )  f o l l o w e d  by 3  mole p e r c e n t  o f  t h e  a l l y l  g l y c i d y l  e t h e r .  
The s o l i d  polymers  o b t a i n e d  were e x t r e m e l y  h a r d  and t o u g h .  The 
m a t e r i a l  s o f t e n e d  around 260°c on a F i she r - Johns  m e l t i n g  p o i n t  
a p p a r a t u s  b u t  q u i c k l y  r e g a i n e d  i t s  o r i g i n a l  shape  a f t e r  p r e s s u r e -  
i n d u c e d  d e f o r m a t i o n .  A t  320°C, p r e s s u r e  a p p l i e d  w i t h  a  l a b o r a t o r y  
s p a t u l a  t o r e  t h e  spec imen.  Dur ing  h e a t i n g  t o  360°c and c o o l i n g  t o  
room t e m p e r a t u r e  ve ry  l i t t l e  d a r k e n i n g  of  t h e  sample o c c u r r e d ,  a l -  
though i t  seemed t o  b e  more b r i t t l e  t h a n  b e f o r e  t h e  h e a t i n g  c y c l e ,  

I n f r a r e d  s p e c t r a  conf i rmed t h a t  i s o c y a n u r a t e  f o r m a t i o n  had  
i n d e e d  o c c u r r e d  b u t  a l s o  i n d i c a t e d  t h a t  t r i m e r i z a t i o n  was i n c o m p l e t e  
because  a s i g n i f i c a n t  amount o f  f r e e  i s o c y a n a t e  was p r e s e n t .  More 
comple te  r e a c t i o n  o f  t h e  i s o c y a n a t e  group would be  e x p e c t e d  i n  l o n g e r  
c h a i n  d i i s o c y a n a t e s  t h a t  p o s s e s s  g r e a t e r  m o l e c u l a r  f l e x i b i l i t y ,  

T r i m e r i z a t i o n  was a l s o  e f f e c t e d  u s i n g  s o l i d  DABCO w i t h  a l l y l  
g l y c i d y l  e t h e r  c o c a t a l y s t .  The DABCO was d i s s o l v e d  i n  t h e  l i q u i d  
i s o c y a n a t e  b e f o r e  t h e  e t h e r  was added.  The m i x t u r e  was a l l o w e d  t o  
s t a n d  1 5  minu tes  a t  room t e m p e r a t u r e  f o l l o w e d  by 2 h o u r s  a t  50°C, 



2 h o u r s  a t  100°C, 2 h o u r s  a t  195OC, and 2 h o u r s  a t  250°C. A s i g n i -  
f i c a n t  amount o f  i s o c y a n a t e  was s t i l l  p r e s e n t  a f t e r  t h e  195OC c y c l e  
b u t  had e s s e n t i a l l y  d i s a p p e a r e d  a f t e r  t h e  250°C c y c l e .  The i s o c y a -  
n u r a t e  was a g a i n  e x t r e m e l y  h a r d  and showed no change i n  w e i g h t  o r  
i n f r a r e d  a b s o r p t i o n  c h a r a c t e r i s t i c s  a f t e r  b e i n g  exposed t o  b o i l i n g  
w a t e r  f o r  70 h o u r s .  Thermograv ime t r i c  a n a l y s i s  showed no w e i g h t  
l o s s  up t o  250°C ( F i g u r e  4 ) ,  

At tempts  t o  c a r r y  o u t  t h e  t r i m e r i z a t i o n  u s i n g  t r i b u t y l a n t i m o n y  
o x i d e  have b e e n  u n s u c c e s s f u l .  The r e a c t i o n  i s  s o  r a p i d  t h a t  encap-  
s u l a t i o n  o f  t h e  c a t a l y s t  o c c u r s ,  even  a t  room t e m p e r a t u r e ,  and 
homogeneity of  r e a c t i o n  i s  i m p o s s i b l e .  S o l i d s  o b t a i n e d  by t h i s  
method were r e a d i l y  s o l u b l e  i n  e t h a n o l .  

The s m a l l  amount o f  t h e  homologous p e r f l u o r o b u t y l e n e  d i i s o c y a -  
n a t e  p r e p a r e d  was n o t  c o n v e r t e d  t o  polymer b u t  would be  e x p e c t e d  t o  
have p r o p e r t i e s  v e r y  s i m i l a r  t o  t h o s e  o f  t h e  p r o p y l e n e  d e r i v a t i v e .  

c .  I s o c y a n a t e  I n t e r m e d i a t e  S y n t h e s i s .  The p r e p a r a t i o n  o f  
1,3-di(m-isocyanatophenyl)hexafluoropropane and 1 ,4 -d i (m- i socyana to -  
p h e n y 1 ) o c t a f l u o r o b u t a n e  have been  c a r r i e d  o u t  by t h e  f o l l o w i n g  scheme. 
The y i e l d s  o b t a i n e d  i n  t h e  r e s p e c t i v e  s y n t h e s e s  i n d i c a t e d  f o l l o w i n g  
scheme . 
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The c r i t i c a l  s t e p  i n  t h i s  r e a c t i o n  sequence  i s  t h e  c o u p l i n g  
between t h e  p e r f l u o r o a l i p h a t i c  d i i o d i d e  and t h e  a r o m a t i c  i o d i d e .  
O the r  work h a s  i n d i c a t e d  a h i g h e r  y i e l d  f o r  t h i s  c o u p l i n g  r e a c t i o n  
u s i n g  copper  m e t a l  c o u p l i n g  r a t h e r  t h a n  Gr igna rd  o r  o t h e r  conven- 
t i o n a l  c o u p l i n g  t e c h n i q u e s .  

E x p e r i m e n t a l  e v i d e n c e  i n d i c a t e s  t h a t  t h e  f o r m a t i o n  o f  a  f o u r -  
c o o r d i n a t e d  copper  i n t e r m e d i a t e  d e t e r m i n e s  t h e  r a t e  and e x t e n t  o f  
c o n v e r s i o n  t o  t h e  d e s i r e d  p r o d u c t .  

L = s o l v e n t  

The i n t e r m e d i a t e  complexes b e l i e v e d  t o  have t h e  s t r u c t u r e s  i l l u s -  
t r a t e d  i n  e q u a t i o n s  1, 2 ,  and 3 a r e  formed a t  t e m p e r a t u r e s  below 
100°C and a r e  d e s t r o y e d  a t  t e m p e r a t u r e s  above 115OC. 

Cu X - A r  
/ 

( 2 )  2 A I  w* ':u,r - ;I2 A r - A r  

( s l o w )  ,' '\ ( f a s t )  

L ' \ , I - A r  

Cu 
( 3 )  2 1 - R r - 1  Solv:  

(L) 
( s l o w )  

C 

-Cu12 
( f a s t )  

I - R f - R f - I  o r  

h i g h e r  homologues 



The poor  c o u p l i n g  r e a c t i o n  y i e l d  u t i l i z i n g  t h e  d i i o d o b u t a n e  
may p o s s i b l y  be  e x p l a i n e d  by u s i n g  t h e  p roposed  copper  i n t e r m e d i a t e  
model.  Among p o s s i b l e  s i d e  r e a c t i o n s  t h a t  might  compete t o  l o w e r  
t h e  y i e l d  of  p r o d u c t ,  t h e  most p r o b a b l e  a p p e a r s  t o  b e  t h e  f o r m a t i o n  
o f  t h e  r e l a t i v e l y  s t a b l e  o c t a f l u o r o c y c l o b u t a n e ,  as f o l l o w s :  

No a t t e m p t  was made t o ,  r e c o v e r  t h e  c y c l o b u t a n e .  

Dur ing  t h e  i n i t i a l  a t t e m p t s  a t  t h e s e  c o u p l i n g  r e a c t i o n s ,  we had  
e x p e r i e n c e d  no y i e l d  from 1,2-diiodotetrafluoroethane where t h e  f o r -  
ma t ion  o f  t h e  s t a b l e  t e t r a f l u o r o e t h y l e n e  (CF2=CF2) was p o s s i b l e  by  
t h e  i n t r a m o l e c u l a r  e l i m i n a t i o n  o f  i o d i n e .  

The c o u p l i n g  r e a c t i o n  w i t h  t h e  l a r g e r  c h a i n  (CF2 u n i t s  >4) 
d i i o d o f l u o r o c a r b o n s  i s  e x p e c t e d  t o  p roceed  smoothly  s i n c e  no s i m p l e  
r o u t e  t o  s t a b l e  by-product  f o r m a t i o n  e x i s t s  ( R e f .  1 9 ) .  

A t  a l l  t e m p e r a t u r e s  t e s t e d ,  t h e  y i e l d  of  coup led  A r - A r  p r o d u c t  
was h i g h e s t ,  i n d i c a t i n g  r e a c t i o n  2 was f a s t e r  t h a n  r e a c t i o n  1. Con- 
s e q u e n t l y ,  t h e  f o r m a t i o n  o f  some b i a r y l  i s  u n a v o i d a b l e ,  R e a c t i o n  3 
i s  i m p o r t a n t  o n l y  i f  t h e  c o n c e n t r a t i o n  o f  t h e  a r y l  i o d i d e  i s  v e r y  low. 

C .  ACETYLENE TRIMERIZATION 

1. I n t r o d u c t i o n ,  C y c l o t r i m e r i z a t i o n  of  a c e t y l e n e  i n t e r m e d i a t e s  
r e p r e s e n t s  t h e  t h f r d  approach  t h a t  was i n v e s t i g a t e d  i n  an  a t t e m p t  t o  
d e v e l o p  t h e r m a l l y  and c h e m i c a l l y  s t a b l e  polymer l i n k a g e s  by means of  
a d d i t i o n  r e a c t i o n s  

3R-CECH --+ 



The l i t e r a t u r e  c o n t a i n s  many r e f e r e n c e s  t o  v a r i o u s  a c e t y l e n e  
p o l y m e r i z a t i o n  r e a c t i o n s ,  and i n c l u d e s  two comprehensive rev iew 
p a p e r s  ( R e f s .  20 and 2 1 ) .  

Under f a v o r a b l e  c o n d i t i o n s  and w i t h  t h e  p r o p e r  c a t a l y s t s ,  
h i g h  y i e l d s  o f  t r i s u b s t i t u t e d  benzene  compounds can  b e  formed f rom 
t e r m i n a l  a c e t y l e n i c  compounds. The r e a c t i o n  i s  e n e r g e t i c a l l y  v e r y  
f a v o r a b l e  b u t  must b e  c o n t r o l l e d  by t h e  c a t a l y s t  t o  e n s u r e  forma- 
t i o n  o f  c y c l i c  t r i m e r  r a t h e r  t h a n  l i n e a r  polymers .  The v a r i a t i o n s  
i n  t h e  p r o d u c t s  o b t a i n e d  as a  f u n c t i o n  o f  c a t a l y s t s  and r e a c t i o n  
c o n d i t i o n s  i s  shown by t h e  r e s u l t s  o f  p h e n y l a c e t y l e n e  c y c l o t r i m e r i -  
z a t i o n  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( T a b l e  4 ) .  

T a b l e  4 

PHENYLACETYLENE CYCLOTRIMERIZATION 

C a t a l y s t  P roduc t  Refe rence  

N i ( C 0 ) 2 ( $ 3 P ) 2  35% l i n e a r  t r i m e r  22 

20% 1 , 2 , 4 - t r i p h e n y l b e n z e n e  
N i ( C 0 ) 2 ( $ 3 P ) 2  1% 1 , 3 , 5 - t r i p h e n y l b e n z e n e  22 

50% l i n e a r  t r i m e r  

N i C 1 2 ( $ 3 P ) 2  + NaBH4 50% t r i p h e n y l b e n z e n e  23 

P robab ly  t h e  most e f f e c t i v e  and most s p e c i f i c  c a t a l y s t  f o r  
t r i m e r i z a t i o n  o f  many a c e t y l e n e  compounds i s  t h e  Z i e g l e r  t y p e  
aluminum a l k y l / t i t a n i u m  t e t r a c h l o r i d e  complex. The f a c t  t h a t  t h e  
a c e t y l e n e  t r i m e r i z a t i o n  r e a c t i o n s  o c c u r  under  m i l d  c o n d i t i o n s  form- 
i n g  h i g h l y  s t a b l e  s u b s t i t u t e d  benzene  p r o d u c t s  makes them poten-  
t i a l l y  u s e f u l  f o r  t h e  c u r e - i n - p l a c e  s e a l a n t  a p p l i c a t i o n .  The e f f i -  
cacy o f  t h i s  p o t e n t i a l  c o u p l i n g  r e a c t i o n  depends l a r g e l y  upon 
d e v e l o p i n g  a s u i t a b l e  c a t a l y s t  sys t em.  

The f i r s t  o b j e c t i v e  was t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  l i n k -  
i n g  f l u o r o c a r b o n  c h a i n  segments  t h r o u g h  an  a c e t y l e n i c  t r i m e r i z a t i o n  
r e a c t i o n .  To do t h i s ,  t h e  s y n t h e s i s  o f  a  s i m p l e  f l u o r o c a r b o n  
a c e t y l e n i c  compound was u n d e r t a k e n .  P e r f l u o r o p r o p y l  e t h y n y l  k e t o n e  
was chosen  a s  a model compound b e c a u s e  o f  t h e  e a s e  w i t h  which me thy l  
e t h y n y l  k e t o n e  (1-butyn-2-one) was r e p o r t e d  t o  t r i m e r i z e  w i t h  seem- 
i n g l y  innocuous  m a t e r i a l s  such  a s  p i p e r a d i n e  a c e t a t e  ( R e f .  2 7 ) .  



D i f f i c u l t i e s  i n  t h e  s y n t h e s i s  o f  t h e  d e s i r e d  k e t o n e  l e d  t o  a 
s e a r c h  f o r  an a l t e r n a t e  model monomer sys t em.  The s y n t h e s i s  o f  a 
p e r f l u o r o a l k y l  a c e t y l e n e  d e r i v a t i v e  was t h e r e f o r e  i n i t i a t e d  n e a r  
t h e  end o f  t h e  c u r r e n t  work. S u c c e s s  w i t h  t h e  model compound was 
t o  b e  fo l lowed  by p r e p a r a t i o n  o f  d i f u n c t i o n a l  a c e t y l e n i c  compounds. 

2 .  C y c l o t r i m e r i z a t i o n  o f  Model A c e t y l e n i c  Compounds. A model 
compound, p e r f l u o r o p r o p y l  e t h y n y l  k e t o n e ,  was p r e p a r e d  from sodium 
a c e t y l i d e  and p e r f l u o r o b u t y r i c  a n h y d r i d e  i n  30% y i e l d  a f t e r  s e v e r a l  
u n s u c c e s s f u l  a t t e m p t s  by o t h e r  methods .  The compound i s  r e l a t i v e l y  
u n s t a b l e .  T r i m e r i z a t i o n  appea red  (by  NMR a n a l y s i s )  t o  t a k e  p l a c e  
w i t h  s e v e r a l  c a t a l y s t s ,  y e t  was o f t e n  i n c o m p l e t e .  It was n o t  u n t i l  
mercury b i s ( c o b a 1 t  t e t r a c a r b o n y l )  c a t a l y s t  was employed t h a t  comple te  
c o n v e r s i o n  t o  what a p p e a r e d  t o  b e  a  m i x t u r e  o f  l i n e a r  and c y c l i c  
p r o d u c t s  was o b t a i n e d .  Approximately 40% o f  t h e  p r o d u c t  was i s o l a t e d  
by d i s t i l l a t i o n  and shown u n e q u i v o c a l l y  t o  b e  t h e  c y c l i c  t r i m e r ,  

Vapor phase  chromotography showed a major  and minor  component, 
p o s s i b l y  r e p r e s e n t i n g  t h e  1 , 2 , 4  and 1 , 3 , 5  i s o m e r s .  

The e f f e c t i v e n e s s  o f  v a r i o u s  p o l y m e r i z a t i o n  c a t a l y s t s  was 
de te rmined  by comparing t h e  p o l y m e r i z a t i o n  o f  p h e n y l a c e t y l e n e  w i t h  
r e s u l t s  shown i n  p u b l i s h e d  d a t a ,  Both t h e  mercury b i s ( c o b a 1 t  o c t a -  
c a r b o n y l )  and Z i e g l e r  t y p e  c a t a l y s t s  gave  r e s u l t s  comparable  w i t h  
p u b l i s h e d  d a t a ,  These  r e s u l t s  a r e  summarized i n  T a b l e  5 .  

The d i f f i c u l t y  i n  s y n t h e s i s ,  q u e s t i o n a b l e  s t a b i l i t y ,  and  
d i f f i c u l t y  i n  c y c l o t r i m e r i z i n g  t h e  a c e t y l e n i c  k e t o n e  prompted i n -  
v e s t i g a t i o n  o f  a p e r f l u o r o a l k y l  a c e t y l e n e ,  Although a s m a l l  
q u a n t i t y  o f  p e r f l u o r o h e p t y l  a c e t y l e n e  (3,3,4,4,5,5,6,6,7,7,8,8,9,9,9- 
pentadecafluoro-1-nonyne) was p r e p a r e d ,  t h e  r e s u l t s  o f  a  s i n g l e  
a t t e m p t  t o  po lymer ize  t h i s  p r o d u c t  were i n c o n c l u s i v e .  

3 .  S y n t h e s i s .  

a .  P e r f l u o r o p r o p y l  E t h y n y l  Ketone .  Although no 
a c e t y l e n i c  p e r f l u o r o a l k y l  k e t o n e s  have  been  r e p o r t e d  i n  t h e  l i t e r -  
a t u r e ,  b o t h  p e r f l u o r o  ( a l k y l  and a r y l )  k e t o n e s  and a c e t y l e n i c  
k e t o n e s  are known. P e r f l u o r o a l k y l  s u b s t i t u t e d  k e t o n e s  have b e e n  
p r e p a r e d  by r e a c t i o n s  o f  o r g a n o m e t a l l i c  i n t e r m e d i a t e s  ( R e f s .  28, 2 9 ,  
30, 31, and 32)  w i t h  p e r f l u o r o a l i p h a t i c  a c i d s ,  s a l t s  and e s t e r s  and 
n i t r i l e s ,  





- 0 Refe rence  

I n  a l l  o f  t h e s e  r e a c t i o n s ,  t h e  p e r f l u o r o a l k y l  group s t a b i l i z e s  
t h e  k e t o n i c  i n t e r m e d i a t e  t h e r e b y  i n h i b i t i n g  f o r m a t i o n  of  t e r t i a r y  
a l c o h o l ,  t h e  u s u a l  p r o d u c t  of  such  r e a c t i o n s .  

A c e t y l e n i c  k e t o n e s  have been  p r e p a r e d  t h r o u g h  e t h y n y l  organo-  
m e t a l l i c s  (magnesium, sodium, and l i t h i u m  d e r i v a t i v e s )  t h a t  r e a c t  w i t h  
a l i p h a t i c  and a r o m a t i c  a c i d  h a l i d e s ,  a n h y d r i d e s  and e s t e r s  t o  form 
a c e t y l e n i c  k e t o n e s  ( R e f s .  33, 34 and 3 5 ) .  

Ketone p r o d u c t s  r a t h e r  t h a n  t e r t i a r y  a l c o h o l s  a r e  formed b e c a u s e  
of  t h e  d e c r e a s e d  r e a c t i v i t y  o f  t h e  a c e t y l e n i c  o r g a n o m e t a l l i c  i n t e r -  
m e d i a t e s  i n  comparison w i t h  t h e  ana logous  a l i p h a t i c  r e a g e n t s .  

I n i t i a l  a t t e m p t s  t o  a p p l y  t h e s e  r e a c t i o n s  t o  t h e  s y n t h e s i s  o f  
p e r f l u o r o p r o p y l  e t h y n y l  k e t o n e  were n o t  s u c c e s s f u l ,  S e v e r a l  e x p e r i -  
ments d i d  show e v i d e n c e  o f  a c e t y l e n i c ,  f l u o r i n e - c o n t a i n i n g  p r o d u c t s  
b o i l i n g  h i g h e r  t h a n  e x p e c t e d  f o r  p e r f l u o r o p r o p y l  e t h y n y l  k e t o n e s ,  
a l t h o u g h  s p e c i f i c  r p o d u c t s  were o f t e n  n o t  i s o l a t e d  and i d e n t i f i e d ,  
S e p a r a t i o n  o f  p u r e  p r o d u c t s  by d i s t i l l a t i o n  was hampered i n  s e v e r a l  
i n s t a n c e s  by fopmat ion  o f  a  complex between t h e  p e r f l u o r o  p r o d u c t s  
and t e t r a h y d r o f u r a n .  Recovered p e r f l u o r o b u t y r i c  a c i d  and t e t r a h y d r o -  
f u r a n ,  f o r  example,  formed a complex b o i l i n g  h i g h e r  t h a n  e i t h e r  com- 
p o n e n t .  A f r a c t i o n  c o n s i d e r e d  t o  be  a  complex o r  a z e o t r o p e  o f  
p e r f l u o r o p r o p y l  d i e t h y n y l c a r b i n o l  and t e t r a h y d r o f u r a n  was a l s o  i s o -  
l a t e d .  

H e p t a f l u o r o p r o p y l  e t h y n y l  k e t o n e  was f i n a l l y  s y n t h e s i z e d  by 
r e a c t i o n  o f  p e r f l u o r o b u t y r i c  a n h y d r i d e  w i t h  sodium a c e t y l i d e .  I s o -  
l a t i o n  o f  t h i s  p r o d u c t  i n  t h e  subsequen t  e x p e r i m e n t s  was a l s o  h i n d e r e d  



by t h e  chemica l  r e a c t i v i t y  o f  t h e  compound. The compound was 
o b t a i n e d  by r a p i d  d i s t i l l a t i o n  o f  t h e  more v o l a t i l e  p o r t i o n  o f  
t h e  r e a c t i o n  m i x t u r e  under  vacuum and w i t h o u t  h e a t i n g .  Subse- 
q u e n t  r e d i s t i l l a t i o n  o f  t h i s  p r o d u c t  m i x t u r e  c a u s e d  a p o r t i o n  
o f  t h e  p r o d u c t  t o  p o l y m e r i z e  and form h i g h e r  b o i l i n g  r e s i d u e s .  
These e x p e r i m e n t s  a r e  summarized i n  T a b l e  6 .  

An a l t e r n a t e  approach  t o  t h e  s y n t h e s i s  o f  C3F7COC=CH, t h e  
o x i d a t i o n  o f  t h e  c o r r e s p o n d i n g  secondary  a l c o h o l  t o  t h e  k e t o n e ,  
was a l s o  i n v e s t i g a t e d  b r i e f l y .  

The f o r m a t i o n  o f  a secondary  a l c o h o l  i n  good y i e l d  by r e a c t i o n  
o f  a G r i g n a r d  w i t h  a f l u o r i n a t e d  a ldehyde  o r  even  an  e s t e r  i s  
f a i r l y  w e l l  e s t a b l i s h e d  ( R e f s .  36 and 3 7 ) .  

Conver s ions  o f  secondary  a c e t y l e n i c  a l c o h o l s  and secondary  
f l u o r o a l c o h o l s  t o  k e t o n e s  have  been  r e p o r t e d  ( R e f s .  35, 38 and 3 9 ) .  

0 
II 
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The a p p l i c a b i l i t y  o f  t h e s e  r e a c t i o n s  t o  an a c e t y l e n i c  f l u o r o a l -  
coho1 was c o n s i d e r e d  t o  have  a h i g h  p r o b a b i l i t y  o f  s u c c e s s .  

0 
II 

C3F7CH0 + HCzCMgBr - C3F7CHOHCzCH - C3F7CC:CH 

A r e a s o n a b l y  good y i e l d  ( 6 3 % )  o f  c a r b i n o l  was o b t a i n e d  i n  t h e  f i r s t  
s t e p  shown above a l t h o u g h  t h e  d i s t i l l e d  p r o d u c t  c o n t a i n e d  t e t r a -  
h y d r o f u r a n  i n  a p p r o x i m a t e l y  1 p a r t  t o  2 o f  c a r b i n o l .  Whether t h i s  
r e s u l t e d  from an a z e o t r o p e  o r  a m o l e c u l a r  complex was n o t  d e t e r m i n e d .  

A s i n g l e  o x i d a t i o n  a t t e m p t  showed e v i d e n c e  (by  I R )  o f  t h e  p e r -  
f l u o r o p r o p y l  e t h y n y l  k e t o n e  f o r m a t i o n  b u t  most o f  t h e  a l c o h o l  was 
r e c o v e r e d  u n r e a c t e d .  

b .  Perfluoroheptylacetylene. S y n t h e s i s  o f  a  p e r f l u o r o -  
a l k y n e  model compound was i n v e s t i g a t e d  b e c a u s e  o f  t h e  d i f f i c u l t i e s  
a s s o c i a t e d  w i t h  t h e  e t h y n y l  k e t o n e  s y n t h e s i s .  S y n t h e s i s  o f  3,3,3- 
t r i f l u o r o p r o p y n e  b y  t h e  f o l l o w i n g  r o u t e  h a s  been  r e p o r t e d  (Ref .  4 0 ) .  

CF31 + HC-CH - CF3CH=CHI ---+ CF3CrCH 



Table 6 

NBP 

91487 

REACTIONS OF ACETYLENIC ORGANOMETALLICS 

WITH PERFLUOROBUTYRIC ACID DERIVATIVES 

~eactantsl Time, Temp., 
A B hr O C -- Results 

HC- CMgBr ( c ~ F ~  COO),M~ 0.5 -25 %30% recovered C3 F7 COOH 
0.15 0.075 18 2 5 

HCr CMgBr C3 F7 COOMgBr 0.5 -10-0 %50% recovered C3 F7 COOH as 
0.2 0.12 THF. C3 F7 COOH complex 

HCr CMgBr C3 F7 COC1 0 5 10-15 30% C3F7 COH(Cz CH)2 
0.2 0.14 0.5 25 IR shows CECH, C-F in residue 

HCr CMgBr C3F7 COOCH, 1.5 -20 '60% recovered C3F7COOH 
0.1 0.1 1.5 25 IR shows CrCH, C=O, C-F in residue 

HC- CMgBr C3 F7 COOCH3 1.5 20 > 65% recovered C3 F7 COOH 
0.1 0.1 1.0 25 IR shows CrCH, C=O, C-F in residue 

NaCr CH C3 F7 COC1 0.5 -20 Solid, non-volatile residue 
0.15 0.12 1.0 25 IR shows CZCH, C=O, C-F 

NaC- CH C 3 F7 COOLi 1.0 -20 90% recovered C3F7COOH 
%o. 14 0.11 18 2 5 

LiC? CH C3F7 COC1 1.5 -20 IR shows CrCH, C=O, C-F in residue 
0.166 0 175 1.5 25 and in high boiling distillate 

NaCrCH (C3F7CO),0 2.0 25 IR suggests -CrCH containing esters 
0.2 0.2 

NaC-CH (C3F7CO),0 0.5 20 27% C~F~COOC(C~CH),C~F~ 
0.2 0.2 

A 

NaCrCH (C3F7CO),0 I1 
0.5 15-20 C3F7CCrCH trace 

0.19 0.19 1.0 + C3F7COOC(C~CH)2C3F7 

NaCrCH (C3F7CO),0 0.5 -15-20 22% C3F7COCrCH 
0.21 0.19 1.5 20 + C3F7COOC(CECH)2C3F7 

NaCrCH (C3F7CO),0 4.0 -50-5 32% C3F7COC?CH 
1.13 1.13 14% C3F7COOCC3F7(C~CH)2 

l~eactant A added to B except 91490, 100261-2 and 100282 where B added to A 



Two unsuccessful attempts were made to add pentadecafluoro- 
heptyl iodide to acetylene with pressures at or slightly above 
atmospheric pressure with azodiisobutyronitrile as catalyst. 
Brace, for example, reported 88% yield of adduct at 50°C in the 
addition of C7F151 to an acetylenic acid (Ref. 41). The lack of 
success of this addition to acetylene was considered to be largely 
a matter of low acetylene pressure. Low pressure was employed to 
avoid conditions that can lead to a spontaneous acetylene detona- 
tion reaction. By employing thermal activation at 165OC at a 
pressure of 75 psi, a 59% yield of the adduct 3,3,4,4,5,5,6,6,7,7- 
8,8,9,9,9-pentadecafluoro-1-iodononene was obtained. Dehydro- 
iodination over anhydrous potassium hydroxide gave a low yield of 
the acetylene compound. Formation of non-volatile brown residue 
suggested that polymerization also occurred. 



IV. EXPERIMENTAL 

A. ISOCYANURATE-LINKED SILOXANES 

1. Isocyanatophenoxysiloxane Intermediates and Polymers. 

1,3-Bis(3-aminophenoxy)tetramethyldisiloxane (95246). A solution 
of 1,3-dichlorotetramethyldisiloxane (345 g, 1.7 moles) in ether 
was added over 2 hours to a slurry of 3-aminophenol (372 g, 3.4 
moles) in 2500 ml of ether. The mixture was refluxed for 3 hours. 
Anhydrous ammonia was passed into the mixture to liberate the free 
amine. Filtration followed by distillation afforded a 75% yield 
(448 g) of 1,3-bis(3-aminophenoxy)tetramethyldisiloxane b.p. 182O/ 
0.2 mm, n 2 5  1.5473. D 

1,5-Bis(3-aminophenoxy)hexamethyltrisiloxane (95239). Reaction of 
3-aminophenol (79 g, 0.722 mole) with l,5-dichlorohexamethyltri- 
siloxane (100 g, 01361 mole) in the manner described above gave 84 g 
(55% yield) of the diamine, b.p. 185°/0.12 mm, n h 5  1.5213. 

1,3-Bis(3-isocyanatophenoxy)tetramethyldisiloxane (95236). 1,3-Bis- 
(3-aminophenoxy)tetramethyldisiloxane (38 g, 0.109 mole) was added 
to a mixture of phosgene (69 g, 0.69 mole) and pyridine (38 g, 0.5 
mole) in ether at -50'. After warming to 25' and stirring for an 
additional 3 hours, the mixture was filtered and the filtrate was 
distilled. A 69% yield of 1,3-bis(3-isocyanatophenoxy)tetramethyl- 
disiloxane, b.p. 154-156O/O.l rnrn, n h 5  1.5212, was obtained. Iso- 
cyanate equivalent 205, calcd 200.2. 

1,5-Bis(3-isocyanatophenoxy)hexamethyltrisiloxane (95242). 1,5-Bis- 
(3-aminophenoxy)hexamethyltrisiloxane (84 g, 0.2 moles) was added 
to a mixture of pyridine (71.5 g) and phosgene (125 g, 1.27 moles) 
at -SO0. The mixture was allowed to warm to 25O overnight. Dis- 
tillation, after removal of pyridine hydrochloride by filtration, 
gave an 82% yield of 1,5-bis(3-isocyanatophenoxy)hexamethyltrisilox- 
ane, b.p. 170°/0.1 mm, n h 5  1.5013. Isocyanate equivalents 239 and 
242, calcd 237. 

Hexamethylcyclotrisiloxane (109336). Dow Corning 200 fluid (300 :;) 
was decomposed by heating to 400-420°C. The liquid that distilled 
was redistilled to give 107.9 g (36% yield) of hexamethylcyclotri- 
siloxane, b.p. 136O~/740 mm. 

Isocyanatophenoxysiloxane Mixture by Siloxane Equilibration (100251). 
A mixture of hexamethslcsclotrisiloxane (67 a ,  0.3 moles) and 1,3-)?Cs- - - 
(3-aminophenoxy)tetramethyldisiloxane (35 g, 0.1 moles) and ~ 0 . 1  
cesium hydroxide was stirred and heated at 140° under nitrogen. After 



r e f l u x i n g  a  few h o u r s ,  0 . 1  g  o f  p o t a s s i u m  h y d r o x i d e  was added .  
A f t e r  16 h o u r s  t h e  t e m p e r a t u r e  had r i s e n  t o  185O. The m i x t u r e  
was c o o l e d ,  d i l u t e d  w i t h  e t h e r ,  washed w i t h  w a t e r  ( 4  x  100 ml )  
and d r i e d  o v e r  MgS04, V o l a t i l e s  were removed a t  150' and 0 . 1  mm 
p r e s s u r e  l e a v i n g  87 .6  g  o f  o i l .  The r e s i d u e  was t r e a t e d  w i t h  
phosgene and p y r i d i n e  as d e s c r i b e d  i n  p r e v i o u s  e x p e r i m e n t s .  Vola- 
t i l e s  were removed by h e a t i n g  t o  185' a t  0 . 1 5  mm p r e s s u r e  t o  g i v e  
85 g  o f  a l i q u i d  h a v i n g  a n  i s o c y a n a t e  e q u i v a l e n t  o f  597. A 63  g 
p o r t i o n  o f  t h e  c r u d e  s i l o x a n e  d i i s o c y a n a t e  i n t e r m e d i a t e  was p a s s e d  
t h r o u g h  a Roto F i l m  m o l e c u l a r  s t i l l  a t  150' and  a  p r e s s u r e  o f  
0 .02  mm. D i s t i l l a t e  w e i g h i n g  1 3 . 3  ( e q u i v .  w e i g h t  o f  291) and  46 g 
o f  r e s i d u e  ( e q u i v .  w e i g h t  868)  were r e c o v e r e d .  

Polymers  f rom Isocyanatophenoxysiloxane M i x t u r e  (100251) .  A 20 g 
p o r t i o n  o f  t h e  above i n t e r m e d i a t e  p r e p a r e d  by s i l o x a n e  e q u i l i b r a -  
t i o n  (NCO e q u i v a l e n t  5 9 7 )  was mixed w i t h  0 . 2  g  o f  a l ly loxy-2 ,3 -  
epoxypropane and 0 . 2  g  tetramethylbutanediamine , d e g a s s e d  and 
poured  i n t o  a s h e e t  mold.  A f t e r  h e a t i n g  86 h r s  a t  100' a b u b b l e  
f ree  s h e e t  o f  a s o f t ,  cheesy  polymer was o b t a i n e d .  The m a t e r i a l  
s o f t e n e d  and became s t i c k y  upon p r o l o n g e d  a t m o s p h e r i c  e x p o s u r e .  
P o l y m e r i z a t i o n  o f  t h e  d i s t i l l a t e  w i t h  e q u i v a l e n t  we igh t  o f  868 
gave a tough ,  f l e x i b l e  s h e e t  h a v i n g  a  t e n s i l e  s t r e n g t h  o f  260 p s i  
w i t h  60% e l o n g a t i o n .  

H y d r o l y s i s  o f  1,3-Bis(m-isocyanatophenoxytetramethyldisiloxane 
Polymer ( 9 1 5 2 1 ) .  A 3 . 7 1  g  sample o f  po lymer  p r e p a r e d  from 1 ,3 -b i s -  
(m-isocyanatophenoxy)tetramethyldisiloxane, d i s i n t e g r a t e d  w i t h i n  
two h o u r s  upon b o i l i n g  i n  w a t e r .  The aqueous  m i x t u r e  was e x t r a c t e d  
w i t h  e t h e r .  Upon e v a p o r a t i o n  o f  t h e  e t h e r ,  2 .6  g  o f  y e l l o w  s o l i d  
remained .  The aqueous  p h a s e  gave  0 . 2 5  g o f  s o l i d  upon e v a p o r a t i o n  
t o  d r y n e s s .  S u b l i m a t i o n  of t h i s  s o l i d  gave  w h i t e  c r y s t a l s  m e l t i n g  
117-120°C (m-aminophenol m.p. 122OC). The e t h e r - e x t r a c t e d  s o l i d  
was p u l v e r i z e d  and washed w i t h  e t h e r .  The r e s i d u e  was d i s s o l v e d  i n  
a l k a l i n e  s o l u t i o n  and  r e p r e c i p i t a t e d  w i t h  a c i d .  R e c r y s t a l l i z a t i o n  
from w a t e r  r a i s e d  t h e  m e l t i n g  p o i n t  f rom 224-226OC t o  225 .5  t o  
226.5OC ( L i t .  222OC, Ref. 4 2 ) .  T h i s  s o l i d  was i d e n t i f i e d  as N , N t -  
bis(m-hydroxypheny1)urea by an  u n d e p r e s s e d  mixed m e l t i n g  p o i n t  w i t h  
an a u t h e n t i c  sample p r e p a r e d  from m-aminophenol and phosgene .  A 
h e x a n e - s o l u b l e  o i l  i s o l a t e d  from t h e  e t h e r  e x t r a c t  was i d e n t i f i e d  
by i t s  i n f r a r e d  s p e c t r u m  as a d i m e t h y l  s i l i c o n e .  

m-Trimethylsiloxyaniline ( 1 0 0 2 8 9 ) .  An e t h e r  s o l u t i o n  o f  t r i m e t h y l -  
c h l o r o s i l a n e  (108 .5  g ,  1 . 0  mole )  was added  o v e r  a p e r i o d  o f  two 
h r s  t o  a s t i r r e d  e t h e r  s l u r r y  o f  m-aminophenol (109  g,  1 . 0  m o l e ) .  
Anhydrous ammonia was p a s s e d  i n t o  t h e  w h i t e  s l u r r y  f o r  two h o u r s .  
S o l i d s  were removed by f i l t r a t i o n .  D i s t i l l a t i o n  o f  t h e  e t h e r  s o l u -  
t i o n  a f f o r d e d  137  g  ( 6 6 %  y i e l d )  o f  m-trimethylsiloxyaniline, b . p .  
75OC/0.25 rnm, n k 5  1.5211.  



. Phosgene (198 g, 
at -50°C. Pyridine 

(113 g, 1.43 moles) was then added to the phosgene solution. 
m-Trimethylsiloxyaniline in ether was added dropwise over 90 
minutes to the pyridine-phosgene solution at -20°C. After 
stirring overnight the mixture was filtered and distilled to give 
91.5 g (62% yield) of m-trimethylsiloxyphenyl isocyanate, b.p. 
85OC/5 mm, n 5 5  1.5007, isocyanate equiv.: found 210, calcd 207.3 

Tris(m-~rimethylsiloxyphenyl) Isocyanurate (100347). 

Reaction A, Triethylenediamine (0.15 g) and allyloxy-2,3-epoxy- 
propane (0,15 g) were dissolved in 15 g of m-trimethylsiloxyphenyl 
isocyanate. The solution became exothermic and began to gel after 
5-10 mine at 25OC. The sample was heated at 100°C for 21 hrs giving 
a product that was glassy at 25OC but poured easily at 100°C. An 
attempt to crystallize 4 g of the product from hot hexane yielded 
1.9 g of pure product, mp 1263-128.50~" Fractions melting at 
115-130°C (0.8 g) and 93-240°C (0.6 g) were also recovered. 

Reaction B (100350). m-Trimethylsiloxyphenyl isocyanate (10.5 g), 
styrene oxide (0.2 g), and triethylenediamine (0.2 g) were dissolved 
in 100 ml of dry hexane. The reaction mixture was allowed to stand 
for three hours, during which time the solution was heated to 50°C 
several times. After adding half a drop of allyloxy-2,3-epoxypropane 
to the reaction mixture and allowing to stand overnight at room 
temperature, white crystals precipitated giving a 9.3 g yield of 
product, mp 126-12g0c, A 4,2-g sample of the product was recrystal- 
lized from 200 ml of hexane yielding 3.5 g of tris(m-trimethylsiloxy- 
phenyl) isocyanurate, mp 129-13O0C0 

Hydrolytic Stability Test of Tris(m-trimethylsiloxyphenyl) Isocya- 
nurate (109301). Tris(m-trimethylsfloxyphenyl) isocyanurate (m.p. 
129-310°C, 2.02 g) was refluxed with 20 ml of water for three hours 
and then allowed to stand for three days at room temperature. Dis- 
tillation of the aqueous solution afforded a fraction with a boiling 
point that corresponds to the water/hexamethyldisiloxane azeotrope 
at 63---65OC, The organic phase was separated and identified by infra- 
red spectrum as hexamethyldisiloxane. Evaporation of the water left 
a solid residue (0,3 g) melting at 356-358OC with decomposition, The 
analysis suggests that the product is 1,3,5-tris(3-hydroxyphenyl) 
S-triazine-2,4,6-trione* 

A n a l o  Calcd for C21H15N306: C, 62,2; H, 3.43; N, 10.38 
Found: C, 6OC3; H, 4.15; N, 9.97 



2 ,  Isocyanatophenylsiloxane I n t e r m e d i a t e s  and Polymers .  

. p-Tolylmagnesium c h l o r i d e  was 
formed i n  t e t r a h y d r o f u r a n  from 252 R ( 2 . 0  m o l e s )  o f  p - c h l o r o t o l u e n e  - 
and 48 g  ( 2 . 0  g-atom) o f  magnesium, Dropwise a d d i t i b n  o f  t r i m e t h y l -  
c h l o r o s i l a n e  (217 g ,  2 .0  m o l e s )  f o l l o w e d  by h e a t i n g  t o  50-60°C com- 
p l e t e d  t h e  r e a c t i o n .  H y d r o l y s i s ,  s e p a r a t i o n  o f  t h e  o r g a n i c  p r o d u c t s  
and d i s t i l l a t i o n  gave  241  g  (73% y i e l d )  o f  p-trimethylsilyltoluene, 
b . p .  84OC/18 mm n Z 5  1 , 4 9 0 2 ,  D 

NMR A n a l y s i s  R e l a t i v e  
Peak Chem S h i f t  (ppm) Area Assignment 

A 7 . 0  4 a r o m a t i c  p r o t o n  

p - T r i m e t h y l s i l y l b e n z o i c  Acid (100338) .  P o t a s s i u m  permanganate  
(594 g, 3 .77  m o l e s )  was added p o r t i o n w i s e  o v e r  two h o u r s  t o  a r e f l u x -  
i n g  s o l u t i o n  o f  p - t r i m e t h y l s i l y l t o l u e n e  (206  g ,  1 . 2 5 5  m o l e s )  i n  
1260 m l  o f  p y r i d i n e  and 630 m l  o f  w a t e r .  A f t e r  h e a t i n g  f o r  a n  a d d i -  
t i o n a l  l o 7 5  h o u r s ,  t h e  r e a c t i o n  m i x t u r e  was c o o l e d  and f i l t e r e d .  The 
f i l t r a t e  was c o n c e n t r a t e d  t o  about  700 m l  u n d e r  vacuum on a  r o t a t i n g  
e v a p o r a t o r  and t h e n  a c i d i f i e d  w i t h  d i l u t e  a c i d  t o  p r e c i p i t a t e  t h e  
a c i d ,  which was r e c o v e r e d  by f i l t r a t i o n .  The y i e l d  o f  s o l i d  p r o d u c t  
a f t e r  r e - s l u r r y i n g  i n  w a t e r  f o l l o w e d  by f i l t r a t i o n  and d r y i n g  was 
174 g  ( 7 1 % )  m.p. 115-117OC ( L i t .  117-118Oc, R e f .  4 3 ) .  

p - T r i m e t h y l s i l y l b e n z o y l  C h l o r i d e  ( 1 0 0 3 4 0 ) .  R e a c t i o n  o f  p - t r i m e t h y l -  
s i l y l b e n z o i c  a c i d  ( 8 7 . 0  g ,  0 .45  mole)  w i t h  a l a r g e  e x c e s s  o f  t h i o n y l  
c h l o r i d e  (290 m l )  by r e f l u x i n g  f o r  2  h o u r s  w i t h  3  m l  o f  p y r i d i n e  
gave ,  upon d i s t i l l a t i o n ,  76 g  (80% y i e l d )  o f  p - t r i m e t h y l s i l y l b e n z o y l  
c h l o r i d e  b . p .  95OC/2 mm, nh5 1.5286;  L i t .  b . p .  76OC/1 mm, ng5 1.5315 
( R e f .  4 3 ) .  

p - T r i m e t h y l s i l y l p h e n y l  I s o c y a n a t e  (100342) .  p - T r i m e t h y l s i l y l b e n z o y l  
c h l o r i d e  ( 7 5  g ,  0 .354  mole)  d i s s o l v e d  i n  125  m l  o f  a c e t o n e  was added  
o v e r  a  p e r i o d  o f  one h o u r  t o  a  s o l u t i o n  o f  sodium a z i d e  ( 3 2 . 3  g ,  
0 .496 mole )  i n  125 m l  o f  w a t e r  a t  10-15°C. The r e a c t i o n  m i x t u r e  was 
t h e n  s t i r r e d  f o r  90 min.  a t  10-15°C. The t o p  o r g a n i c  l a y e r  was 
s e p a r a t e d ,  d r i e d ,  and  poured  s l o w l y  i n t o  345 m l  o f  benzene  a t  70°C. 
N i t r o g e n  was e v o l v e d  s l o w l y  as t h e  s o l u t i o n  was s t i r r e d .  D i s t i l l a -  
t i o n  o f  t h e  r e s u l t i n g  s o l u t i o n  gave  58 .6  g  ( 8 7 %  y i e l d )  o f  p - t r i m e t h y l -  
s i l y l p h e n y l  i s o c y a n a t e ,  b . p .  105OC/10 mm, nh5 1 . 5 1 6 3 .  

Tris(p-~rimethylsilylphenyl) I s o c y a n u r a t e  ( 1 0 0 3 4 8 ) .  T r i e t h y l e n e d i a -  
mine ( O 0 0 5  g )  and allyloxy-2,3-epoxypropane ( 0 . 0 5  g) were d i s s o l v e d  
i n  p - t r i m e t h y l s i l y l p h e n y l  i s o c y a n a t e ( 5 , 0  g ) .  An e x o t h e r m i c  r e a c t i o n  



o c c u r r e d  a f t e r  5-10 m i n e ,  fo rming  a g r a n u l a r  c r y s t a l l i n e  p r o d u c t .  
A 4-g sample o f  t h i s  m a t e r i a l  was r e c r y s t a l l i z e d  from 400 m l  of 
hexane y i e l d i n g  2 .2  g  o f  a w h i t e  c r y s t a l l i n e  p r o d u c t  m e l t i n g  a t  
357-358,5OC5 and h a v i n g  a m o l e c u l a r  we igh t  by vapor  p r e s s u r e  
osmometry of 570; t h e o r y  f o r  t r i m e r ,  573 .9 .  A p o r t i o n  o f  t h i s  t r i s -  
(p-trimethylsilylphenyl) i s o c y a n u r a t e  ( 1 . 0  g )  was r e f l u x e d  i n  25 m l  
o f  w a t e r  f o r  t h r e e  h o u r s ,  The s o l i d  p r o d u c t  r e c o v e r e d  by f i l t r a t i o n  
weighed 1 g  a f t e r  d r y i n g  under  vacuum a t  65O, and m e l t e d  a t  356- 
7cQOr- 

1,3-Bis(p-tolyl~tetramethyldrEsi1oxane (109332) .  p-Tolylmagnesium 
c h l o r i d e  was p r e ~ a r e d  by t h e  a d d i t i o n  of  a t e t r a h y d r a f u r a n  s o l u -  
t i o n  o f  p - c h l o r o t o l u e n e  ( 3 7 9 . 7  g ,  3,O mole)  t o  magnesium s h a v i n g s  
( 7 3 . 0  g ,  3 .0 mole )  i n  t e t r a h y d r o f u r a n .  The Gr igna rd  s o l u t i o n  was 
t h e n  added dropwise  t o  e x c e s s  d i c h l o r o d i m e t h y l s i l a n e  ( 8 7 4 . 4  g,  
6 . 0  mole )  i n  e t h e r .  The r e a c t i o n  t e m p e r a t u r e  was c o n t r o l l e d  a t  
0-5OC d u r i n g  t h e  a d d i t i o n ,  A f t e r  s t i r r i n g  two h o u r s  a t  40°C, t h e  
r e a c t i o n  m i x t u r e  was f i l t e r e d  and t h e  v o l a t i l e s  were removed, l e a v -  
i n g  a  r e s i d u e  we igh ing  471 g ,  H y d r o l y s i s ,  s e p a r a t i o n  o f  t h e  o r g a n i c  
p r o d u c t s ,  and d i s t i l l a t i o n  gave  3 0 6 , 2  g  (65% y i e l d )  o f  1 , 3 - b i s ( p -  
tolyl)tetramethyldisiloxane, b . p .  113-l14°C/0.09 mm, n i 5  1.5158-1.5149.  
L i t .  b . p .  1 4 3 - 1 4 4 O ~ / l  mm, n i 5  l e 5 1 3 5  ( R e f .  2 ) .  

4,4'-~etramethyldisiloxanylenedibenzoic Acid (109334,  109357) .  Po tas -  
s ium permanganate  (704 g ,  4 $ 3 6  m o l e )  was added a t  a r a t e  o f  50 grams 
p e r  15 m i n u t e s  t o  a  m i x t u r e  o f  1,3-bis(p-toly1)tetramethyldisiloxane 
(305 g ,  0 . 9 7 1  m o l e ) ,  1320 m l  o f  p y r i d i n e  and 633 m l  o f  w a t e r  whf le  
m a i n t a i n i n g  t h e  r e a c t i o n  t e m p e r a t u r e  a t  80-83OC. A f t e r  h e a t i n g  
a n o t h e r  1 , 5  h o u r s  and t h e n  s t i r r i n g  f o r  1 8  h o u r s  a t  room t e m p e r a t u r e ,  
t h e  r e a c t i o n  m i x t u r e  was f i l t e r e d ,  The f i l t r a t e  was c o n c e n t r a t e d  t o  
600 m l  unde r  vacuum on a r o t a t i n g  e v a p o r a t o r  t o  remove t h e  p y r i d i n e .  
The s o l u t i o n  was t h e n  d i l u t e d  w i t h  one l i t e r  o f  w a t e r  and a c i d i f i e d  
w i t h  concd h y d r o c h l o r i c  a c i d  t o  p r e c i p i t a t e  t h e  a c i d ,  which was 
r e c o v e r e d  by f i l t r a t i o n ,  The y i e l d  o f  4,Qt-tetramethyldisiloxanylene- 
d i b e n z o i c  a c i d  a f t e r  r e s l u r r y i n g  i n  w a t e r  fo l lowed  by f i l t r a t i o n  and 
d r y i n g  was 313"'7 g  ( 8 6 , 3 %  y i e l d ) ,  mop .  190-237°C, 

The c r u d e  a c i d  was p u r i f i e d  by d i s s o l v i n g  281 g  of  t h e  a c i d  (m.p. 
185-220°C) i n  a s o l u t i o n  o f  sodium b i c a r b o n a t e  ( 6 3  g )  i n  1500 m l  o f  
w a t e r  a t  75OC, An i n s o l u b l e  o i l  l a y e r  t h a t  d i d  n o t  d i s s o l v e  was 
removed and t h e  s o l u t i o n  was f i l t e r e d ,  The a c i d  was r e p r e c i p i t a t e d  
by t h e  a d d i t i o n  o f  concd h y d r o c h l o r i c  a c i d ,  c o l l e c t e d  by f i l t r a t i o n ,  
and washed w e l l  w i t h  w a t e r ,  The s o l i d s  were d r i e d  i n  a  vacuum oven 
a t  50°C a f f o r d i n g  1 3 3 . 5  g  ( 4 2 , 6 %  y i e l d )  o f  m a t e r i a l  i d e n t i f i e d  a s  
4,4'-tetramethyldisiloxanylenedibenzoic a c i d  by NMR a n a l y s i s ,  m.p. 
230-243OC, n e u t .  e q u i v .  185.5Oc, c a l c d  n e u t ,  e q u i v .  1 8 7 . 2 .  



NMR Analysis 

Chem. Shift Rel, No. Protons Assignment 

8,12, 7.97 
8 cps 1 1 4.0 aromatic protons 

7.73, 7.101 1 
J=8 cps 

4,4'-Tetramethyldisiloxanylenedibenzoyl Chloride (109329). 4,4'- 
Tetramethyldisiloxanylenedibenzoic acid (55.0 g, 0.147 mole) (m.p. 
205-23b0c) was refluxed with a large excess of thionyl chloride 
(175 g, 1.47 mole). Distillation gave 33.5 g (55.5% yield) of the 
corresponding acid chloride, b,p, 146-152°C/0.01-0.06 mm, m.p. 50- 
56OC; Lit mop. 54-55O, b.po 200°C/3 mm (Ref. 6). 

4,41-(Tetramethyldisiloxanylene)diphenyl Isocyanate (109337). 

Route A. 4,4'-~etramethyldisiloxanylenedibenzoyl chloride (23 g, 
0.056 mole) dissolved in 33 ml of acetone was added dropwise to a 
rapidly stirred solution of sodium azide (10.4 g, 0.16 mole) in 33 ml 
of water at 10-14°~, After stirring the reaction mixture for 80 min., 
the organic phase was separated and then decomposed by slowly adding 
to 150 ml of 70°C benzene. Evaporation of the benzene gave 19.7 g 
of crude product (95% yield) that, upon distillation, gave 12.5 g 
(60% yield) of 4,4'-(tetramethyldisiloxanylene)diphenyl isocyanate, 
b.p. 120-122°C/0.005 mm, n 5 5  1.5387, isocyanate equiv. found 187.1, 
calcd 184.3 

Route B (109319) Attempted, The dry sodium salt of 4,4'-(tetra- 
methyldisi1oxanylene)dibenzoic acid (30 g, 0.1435 equiv.) prepared 
by neutralization of the acid with two equivalents of sodium bicar- 
bonate, was added over 50 mine to a solution of oxalyl chloride (22 g, 
0.173 mole) in 80 ml of benzene, The temperature was controlled at 
40 to 45OC with slight cooling. The reaction mixture was filtered 
and solvent was removed under vacuum leaving to 15.1 g of crude acid 
chloride. A solution of the crude acid chloride (13.1 g, 0.064 equiv.) 
in 25 ml of acetone was added dropwise to sodium azide (5.8 g ,  
0.089 equiv,) in 25 ml of water over a period of 15 min. at 10-15°C. 
Gas was evolved from the acetone solution while stirring was contin- 
ued for another hour at 10-15°C, The top, organic layer was then 
separated and poured into 50 ml of benzene at 70°C. Distillation of 
this solution yielded 8,9 g of polymeric residue but none of the 
desired product. 

In a second experiment (109328) using crude, undistilled 4,4'-(tetra- 
methy1disiloxanylene)dibenzoyl chloride, the product decomposed upon 
distillation to give a polymeric residue. 



large excess of thionyl chloride (810 g, 6.83 mole) in the presence 
of 3.0 g of acetic acid for 6 hr. Distillation gave the following 
three products: 45 g (11%) 

Ofd$ 
-(chlorodimethylsilyl)benzoyl chloride, 

b.p. 120°C/5 mm, ni5 1.5411, 1.2003; sp. refr. found 0.262, calcd 
0.254; neut. equiv. found 79, calcd 77.6; and, 30 g (11%) of 4-(chloro- 
dimethylsiloxydimethylsilyl)benzoyl chloride, b.p. 133OC/5 mm, 
n25 1.5030, dG5 1.134; sp. refr. found 0.260, calcd 0.253; neut. equiv. 
184 calcd 102; and, 132 g (36%) of 4,4 q-tetramethyldisiloxanylene- 
dibenzoyl chloride, bop, 140-150~~/0,01 mm, m.p. 52-57OC, 

4,41-(0ctamethyltetrasiloxanylene)dibenzoyl Chloride (109364). 4- 
(Chlorodimethylsiloxydimethylsilyl)benzoyl chloride (26.0 g, 0.085 moles) 
was slowly poured onto sufficient crushed ice to maintain the tempera- 
ture below 0°, The organic material was extracted with dichloro- 
methane, washed with ice water and dried over calcium chloride. The 
solvent was then removed under vacuum leaving 22.7 g of liquid 
nfi5 1,5096 (theoretical weight 23,7), The neut. equiv. in KOH/ 
ethylene glycol was 149.5, calcd 139.se 

4,41-(0ctamethyltetrasiloxanylene)diphenyl Isocyanate (109366). Crude 
, 4 4'-(octamethyltetrasiloxanylene)dibenzoyl chloride 21.0 g (0.075 

equiv.) in 22 ml of acetone was added to a stirred solution of sodium 
azide (6.7 g, 0.105 mole) in 22 ml of water at 10-15°C. After a 
reaction time of 0.5 hours the organic phase was separated, dried and 
added to 100 ml benzene at TO0. The solution was heated at 75-80° 
with stirring for 40 minutes. The benzene was removed leaving 21.2 g 
residue. Infrared analysis showed the product was the azide rather 
than the isocyanate. Cautious heating at 70-75°/0.1 rnm resulted in 
vigorous decomposition, Evidence of nitrogen evolution was observed 
until the temperature was 130°. (Decomposition of the azide in 
toluene at xlOOO or higher rather than in benzene is recommended for 
future preparations). The attempt to distill the product was dis- 
continued at a pot temperature of 160° because the pressure of 
0.008 mrn could not be maintained. The crude product was then passed 
through the Roto Film molecular still at 150°/13 micron pressure, 
Polymerization occurred in the still but 8.7 g of distillate was 
obtained also. This product had an isocyanate equivalent of 257, 
calcd 258. 

Polyisocyanurate from 4,41-(~ctamethyltetrasiloxyanylene)dipheny1 
Isocyanate (109366), Polymerization of this product occurred in 0.75 
hrs at 25' when mixed with 1% by weight of ally1 glycidyl ether and 
N,N,Nf ,N'-tetramethyl-1,3-butanediamine, A 1/16!! sheet of polyiso- 
cyanurate was formed by a similar polymerization of the diisocyanate 
at 1000118 hrs. The tensile strength of micro test specimens was 
approximately 2000 psi at 13% elongation. 



1,7-Diphenyloctamethyltetrasiloxane (109349). A mixture of chloro- 
dimethylphenylsilane (34,O g, 0.2 mole) and pyridine (15.8 g, 0.2 
mole) in 200 ml of hexane was added over a 35-min. period to tetra- 
methyldisiloxane-1,3-diol dissolved in 300 ml of benzene at 40'~. 
The pyridine hydrochloride that formed was separated by filtration 
and the filtrate was washed with water and dried over MgS04. 

The distillation data indicate a mixture of siloxane products. A 
major fraction boiling at 71-80°~/0.02 mm, n25 1.5102 appears to be 
largely 1,3-diphenyltetramethyldisiloxane. !it : b .p. 106-108~~/3 rnrn, 
n25 1.5149, Ref, 44. D 

p-Trimethylsilylaniline (91514). A mixture of trimethylchlorosilane 
(33 g, 0.304 mole) and p-bromoaniline (17.2 g, 0.10 mole) was added 
to 9.2 g (0,4 g-atom) of sodium dispersion in toluene at 103-105°C. 
The mixture was stirred for 45 minutes and then allowed to cool. 
Diglyme (150 ml) was added and the mixture was then stirred at 65-70°C 
for 16 hours followed by one hour at 85-90°C and 2 hours at 10S0C. 
Filtration gave slightly more than the theoretical weight of sodium 
halide based on the equation 

The residue contained little sodium and showed a positive qualitative 
test for bromine. Distillation gave, in addition to recovered toluene 
and diglyme, a small quantity (10 g) of methoxytrimethylsilane, and 
about 10 g of what appears to be impure p-trimethylsilyl N-trimethyl- 
silylaniline, The product boiled over a narrow range with decreasing 
refractive index, bop. 108OC/25 mm, n25 1.5085-1.5075. Methanolysis 
followed by evaporation of excess metganol and methoxytrimethylsilane 
gave a residue that by IR appeared to be p-trimethylsilylaniline. 
Attempts to prepare the acetyl derivative, however, gave acetanilide 
map. 113-114°, 

m-Trimethylsilylaniline (100336), In a second experiment trimethyl- 
chlorosilane was coupled with m-bromoaniline at a reaction temperature 
of 105-120°C in xylene. The product, as in the previous experiment 
showed decreasing refractive indices at nearly constant boiling point. 

Wt, b o p o  
Fraction (g> ("c/mm) n2 5 D 



The infrared spectra indicated a trimethylsilyl-substituted aniline 
derivative, NMR analysis indicated a mixture of products but tended 
to substantiate N and C trimethylsilyl substituents. Methanolysis 
resulted in Isolation of aniline, b.p. 95O~/41 mm, nk5  1.5834, as 
determined by the infrared spectrum. 

p-Bromo-N-trimethylsilylaniline (100326, 100327). An ether solution 
of trimethylchlorosilane (119 g, 1.1 mole) was added to a well- 
stirred mixture of p-bromoaniline (168 g, 0.95 mole) and triethylamine 
( 1  g, 1 m o e s  After standing for 18 hours the solid was removed 
by filtration and the filtrate was distilled. An 82% yield was ob- 
tained of p-bromo-N-trimethylsilylanillne, bop. 73°C/0.06 mm, 
n 2 5  1,5542, mop. 39-41°C, Identification of the compound was confirmed 
by NMR. 

Chem Shift. Rel. Peak 
Peak (ppm) Area Assignment 

aromatic protons 

labile N\H\ 

D 0.21 9 NSi \ c H ~ \  

p-Trimethylsilyl-N,N-bis(trimethylsily1)aniline (100344). A solution 
of p-bromo-N-trimethylsilylaniline (73.2 g, 0.3 mole) and trimethyl- 
chlorosilane (65 g, 0.6 mole) in 350 ml of diglyme was added dropwise 
over a 2-hr period to a sodium (23 g, 1.0 mole) dispersion in 200 ml 
of toluene at 50-60°C, The slightly exothermic reaction mixture was 
heated intermittently to maintain a reaction temperature of 50 to 6o0C. 
Heating was continued for an additional 2 hr. After standing for 68 hr 
the mixture was filtered and distilled to give three main product 
fractions, as follows: 

n65 Weight, g Boiling Point, OC/mm Hg 

1, 10.5 90-97/9 1,4898-1,4967 

Fraction 2 was identified as N-phenyihexamethyldisilazane by its NMR 
spectrum, 

Chem, Shift (ppm) Assignment Relative Number 

%6,9 multiplet aromatic protons 5.0 

20 singlet Si(CH3) 18.5 



F r a c t i o n  3 was shown t o  be  l a r g e l y  p-trimethylsilyl-N,N-bis(tri- 
m e t h y l s i l y l ) a n i l i n e ,  A p o r t i o n  o f  t h i s  f r a c t i o n  was d i s s o l v e d  i n  
a l i t t l e  methanol  and t h e n  s u b j e c t e d  t o  vacuum t o  r e c o v e r  t h e  o i l y  
r e s i d u e  ( n k 5  1 . 5 0 9 5 ) .  The o i l ,  when added t o  c o l d  a c e t i c  a n h y d r i d e ,  
formed a  s o l i d  d e r i v a t i v e  t h a t  m e l t e d  a t  167-168'C a f t e r  t h r e e  
r e c r y s t a l l i z a t i o n s  from h e p t a n e ,  The m e l t i n g  p o i n t  o f  t h i s  d e r i v a -  
t i v e  ( 1 6 7 - 1 6 g 0 c )  c o r r e s p o n d s  t o  t h e  m e l t i n g  p o i n t  r e p o r t e d  by 
Benkeser  and Brumf ie ld  ( R e f ,  45)  f o r  p - t r i m e t h y l s i l y l  a c e t a n i l i d e  
(169-170°C), The i n f r a r e d  spec t rum was c o n s i s t e n t  w i t h  t h i s  p r o d u c t  
a l s o ,  

P h e n y l i s o c y a n a t e  from N,N-Bis(trimethylsily1)aniline (109358) .  Phos- 
gene (20  g ,  0 . 2  mole )  was condensed a t  -30' i n  50 m l  o f  e t h e r  con- 
t a i n i n g  1 9 . 3  g  ( 0 . 0 8 5  mole )  o f  N,N-bis(trimethylsilyl)aniline. The 
m i x t u r e  was warmed t o  room t e m p e r a t u r e .  I n f r a r e d  a n a l y s i s  showed 
i s o c y a n a t e  b u t  a l s o  u n r e a c t e d  amine d e r i v a t i v e .  Toluene  was t h e n  
addedoand  t h e  m i x t u r e  was h e a t e d  t o  70' a s  phosgene and e t h e r  was 
d i s t i l l e d ,  Phosgene was p a s s e d  i n t o  t h e  s o l u t i o n  a t  70' f o r  0 . 7 5  h r ,  
whereupon t h e  i n f r a r e d  spec t rum i n d i c a t e d  c o n v e r s i o n  t o  t h e  phenyl -  
i s o c y a n a t e  p r o d u c t ,  D i s t i l l a t i o n  gave t r i m e t h y l c h l o r o s i l a n e ,  b . p .  57- 
58' and p h e n y l i s o c y a n a t e  i n  60% y i e l d ,  b . p .  160-161°/25 mm, 
nh5 1 .5340 .  

B .  ISOCYANURATE-LINKED FLUOROPOLYMERS 

1. Perfluoroalkyldiisocyanate I n t e r m e d i a t e s  and Polymers .  

H e x a f l u o r o t r i m e t h y l e n e  D i i s o c y a n a t e  (99857-1) .  T h i s  d i i s o c y a n a t e  was 
p r e p a r e d  by t h e  C u r t i u s  r ea r rangement  o f  p e r f l u o r o g l u t a r y l  d i a z i d e  
(Ref .  461,  Sodium a z i d e  (39  g ,  0 . 6  mole )  was d i s s o l v e d  i n  120 m l  o f  
w a t e r ,  300 m l  o f  x y l e n e  was added and t h e  m i x t u r e  was c o o l e d  t o  5OC. 
A s o l u t i o n  o f  55<4 g  ( 0 . 2  mole)  o f  p e r f l u o r o g l u t a r y l  c h l o r i d e  i n  
200 m l  o f  x y l e n e  was added d u r i n g  45 m i n u t e s  a t  a  t e m p e r a t u r e  o f  4 
t o  8OC, m a i n t a i n e d  as n e c e s s a r y  by c o o l i n g  w i t h  an i c e - w a t e r  b a t h .  
The m i x t u r e  was s t i r r e d  f o r  an a d d i t i o n a l  1 . 5  h r  i n  t h e  i c e  b a t h  and 
t h e n  was a l l o w e d  t o  warm t o  1 5 ' C  w i t h  s t i r r i n g  d u r i n g  an a d d i t i o n a l  
0 . 5  h r ,  The x y l e n e  ( u p p e r )  l a y e r  c o n t a i n i n g  t h e  i n t e r m e d i a t e  a c i d  
d i a z i d e  was s e p a r a t e d ,  d r i e d  o v e r  anhydrous  magnesium s u l f a t e  and 
f i l t e r e d ,  

The a z i d e  was c o n v e r t e d  t o  d i i s o c y a n a t e  by s low a d d i t i o n  o f  t h e  d r i e d  
x y l e n e  s o l u t i o n  t o  75  m i  o f  x y l e n e  a t  112 t o  116OC under  n i t r o g e n  
d u r i n g  3  h r  i n  a  f l a s k  a r r a n g e d  w i t h  a condense r  and r e c e i v e r  f o r  
s imple  s t r i p p i n g  d i s t i l l a t i o n .  Dur ing  t h e  r e a c t i o n ,  some d i i s o c y a -  
n a t e  was c o l l e c t e d .  A c r u d e  m i x t u r e  o f  d i i s o c y a n a t e  and x y l e n e  w a s  
t h e n  r e c o v e r e d  by d i s t i l l a t i o n  t o  a head  t e m p e r a t u r e  o f  13T°C and a 
f l a s k  t e m p e r a t u r e  o f  1 4 1 ° ~ -  The m i x t u r e  was s t o r e d  i n  t h e  r e f r i g e r a -  
t o r  u n t i l  r e d i s t i l l e d ,  



The c r u d e  d i s t i l l a t i o n  m i x t u r e  was combined w i t h  t h e  p r o d u c t  f rom 
a  p r e l i m i n a r y  p r e p a r a t i o n  0 , 5 x  t h e  above s c a l e  and d i s t i l l e d  t h r o u g h  
a 24- in ,  Vigreux column, A p r o d u c t  w i t h  b . p ,  8 1  t o  8 3 ' ~   it" b . p .  
84-85OC, Ref ,  4 6 )  was c o l l e c t e d  w l t h  no f o r e r u n  ( 3 5 , l  g ,  0 - 1 5  mole,  
5 0 % ) .  The p r o d u c t  showed t h e  c h a r a c t e r i s t i c  i s o c y a n a t e  a b s o r p t i o n  
p e a k  a t  4.35 p i n  t h e  i n f r a r e d  spec t rum ( F i g u r e  5 ) ,  The r e f r a c t i v e  
i n d e x  of  nfi5 1 , 3 2 8 8  a g r e e d  r e a s o n a b l y  w e l l  w i t h  t h e  r e p o r t e d  v a l u e  
o f  n 2 5  1 ,3302  ( R e f ,  461,  AH and 19F  NMR and G,L,C. a n a l y s i s  i n d i -  
c a t e 8  a p u r i t y  of d e s i r e d  p r o d u c t  of  a p p r o x i m a t e l y  95-98% w i t h  a  
t r a c e  o f  e n t r a i n e d  x y l e n e  and r e l a t e d  a r o m a t i c s  as t h e  major  i m p u r i t y .  
A r e p e a t  p r e p a r a t i o n  o f  h e x a f l u o r o t r i m e t h y l e n e  d i i s o c y a n a t e  (104644- 
104647)  yiePd.ed a p r o d u c t  w i t h  t h e  same b o i l i n g  r a n g e  and i n f r a r e d  
spec t rum,  n 2 5  1 0 3 3 1 5 ;  y i e l d  4 2 % ,  D 

(0 .00009 mole)  o f  DABCO i n  a  s m a l l  v i a l ,  1 small d r o p  o f  a l l y l  g l y c i -  
d y l  e t h e r  was added and t h e  v i a l  was capped.  The DABCO d i d  n o t  
d i s s o l v e  and no p o l y m e r i z a t i o n  o c c u r r e d  d u r i n g  96 h r  a t  room temper-  
a t u r e .  H e a t i n g  a t  40°C f o r  3-7 h r  p e r i o d s  caused  some p o l y m e r i z a t i o n  
on t h e  DABCO b u t  n o t  i n  t h e  b u l k  o f  t h e  l i q u i d  i s o c y a n a t e ,  Fo l lowing  
vacuum d r y i n g  t h e  s o l i d  p r o d u c t  was s o f t  and s o f t e n e d  f u r t h e r  upon 
h e a t i n g  t o  form a  f l u i d  mel t  a t  81°c .  The i n f r a r e d  spec t rum o f  t h e  
s o l i d  p r o d u c t  i n d i c a t e d  a lmos t  comple te  d i s a p p e a r a n c e  o f  i s o c y a n a t e  
and t h e  p r o b a b l e  f o r m a t i o n  o f  d imer  o r  t r i m e r  as shown by a  peak  a t  
5 . 7  t o  5 . 8  u ( F i g u r e  6 ) .  

0 .12  m l )  t o  1 , O  g  o f  d i i s o c y a n a t e  i n  a screw capped v i a l  i n  a dry-box.  
P ropy lene  o x i d e  ( 0 , 0 2  g ,  0 , 0 2 3  m l ,  0 ,0004 mole)  was t h e n  added.  The 
DABCO appea red  t o  p r e c i p i t a t e  a s  a  w h i t e  f i l m  on t h e  v i a l  wal ls  
(99863)  c 

A d u p l i c a t e  m i x t u r e  was p r e p a r e d  i n  a  dry-box e x c e p t  t h a t  t h e  d i i s o -  
c y a n a t e  was d i s s o l v e d  i n  2,O m i  o f  benzene p r i o r  t o  a d d i t i o n  o f  t h e  
DABCO s o l u t i o n  ( 9 9 8 6 h ) -  The DABCO appea red  t o  s t a y  i n  s o l u t i o n .  Both 
m i x t u r e s  were h e a t e d  f o r  i O  hr a t  60\'C w i t h  some s l i g h t  f o r m a t i o n  o f  a  
g r e e n  c o l o r  b u t  no s o l i d  p r o d u c t ,  There  was no  v i s c o s i t y  i n c r e a s e  i n  
t h e  d i i s o c y a n a t e  , 

d r o p  o f  a l l y l  g l y c i d y l  e t h e r  was added?  The amine d i d  n o t  a p p e a r  t o  
b e  c o m p a t i b l e  w i t h  t h e  d l i s a c y a n a t e ,  No p o l y m e r i z a t i o n  o c c u r r e d  upon 
s t a n d i n g  a t  room t e m p e r a t u r e  f o r  96  h r  o r  upon b e i n g  h e a t e d  f o r  3-7 
h r  p e r i o d s  a t  40°C, 







P o l y m e r i z a t i o n  w i t h  M i s c e l l a n e o u s  C a t a l y s t  Sys tems,  S e a l e d  Tube 
Exper imen t s .  H e x a f l u o r o t r i m e t h y l e n e  d i i s o c y a n a t e  ( 1 . 0  g,, 0 .0043 mole )  
2 .0  m l  o f  d r y  benzene ,  and ( g e n e r a l l y )  3 mole p e r c e n t  (0 .00013  m o l e )  
o f  c a t a l y s t  were added  t o  a 10-mm OD,  heavy-wal led  Pyrex  t u b i n g  9 i n .  
l o n g  unde r  a  n i t r o g e n  a tmosphe re ,  The s p e c i f i c  c a t a l y s t s  u s e d  a r e  
shown i n  T a b l e s  2  and 3 .  The t u b e  and c o n t e n t s  were c o o l e d  unde r  
n i t r o g e n  i n  d r y  i c e ,  t h e  p r e s s u r e  was r e d u c e d  t o  200 mm Hg and t h e  
t u b e  was s e a l e d  w i t h  a  methane/oxygen f l a m e .  The t u b e s  were  t h e n  
warmed t o  room t e m p e r a t u r e ,  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  room temper-  
a t u r e  and  t h e n  h e a t e d  a t  100°C f o r  48 h r .  

2 ,  Perfluoroalkylaryldiisocyanate I n t e r m e d i a t e s  and Polymers .  

T r i f l u o r o m e t h y l p h e n y l  I s o c y a n a t e  ( 1 0 4 6 6 0 ) .  A s o l u t i o n  o f  42 g  o f  m- 
t r i f l u o r o m e t h y l  b e n z o y l  c h l o r i d e  i n  100 m l  o f  t o l u e n e  was added  
d ropwise  o v e r  a  1 .25 -h r  p e r i o d  t o  a m i x t u r e  o f  1 8 . 2  g  o f  sodium a z i d e ,  
50 m l  o f  w a t e r ,  and 200 m l  o f  t o l u e n e .  Dur ing  t h e  a d d i t i o n  t h e  tem- 
p e r a t u r e  was m a i n t a i n e d  be tween 25 and 30°C. The r e a c t i o n  was a l l o w e d  
t o  s t i r  a t  room t e m p e r a t u r e  f o r  3  h o u r s ,  t h e n  was h e a t e d  q u i c k l y  t o  
~ o O C ,  and  a l l o w e d  t o  c o o l ,  The t o l u e n e  l a y e r  was s e p a r a t e d  and 
d r i e d  o v e r  magnesium s u l f a t e .  The s o l u t i o n  o f  t h e  a z i d e  i n  t o l u e n e  
was t h e n  added d ropwise  t o  50 m l  o f  d r y  t o l u e n e  a t  100°C. T h i s  p h a s e  
of t h e  r e a c t i o n  was done unde r  a  n i t r o g e n  a tmosphe re ,  and  any e x c e s s  
n i t r o g e n  coming from t h e  d e c o m p o s i t i o n  o f  t h e  a z i d e  was d e t e c t e d  
by means o f  a g a s  b u b b l e r ,  The s o l u t i o n  was r e f l u x e d  an  a d d i t i o n a l  
1 . 5  h r  and t h e  t o l u e n e  s t r i p p e d  o f f  t h r o u g h  a  1 5 - i n .  V ig reux  column 
a t t a c h e d  d i r e c t l y  t o  t h e  r e a c t i o n  f l a s k .  The p r o d u c t  was d i s t i l l e d  
t h r o u g h  t h e  same column a t  15  mm and 6 5 O ~  ( y i e l d  8 0 % ) .  

Tris(m-trifluoromethylphenyl) I s o c y a n u r a t e .  

Method ~ ( 1 0 4 6 6 3 ) ~  T r i b u t y l a n t i m o n y  o x i d e  ( 0 . 0 0 0 3  mole)  was added  t o  
2  g  o f  m - t r i f l u o r o m e t h y l p h e n y l  i s o c y a n a t e  ( 0 , O l  m o l e ) .  Upon mix ing  
t h e  r e a g e n t s  a  v i g o r o u s  exo the rm was n o t e d  and t h e  r e a c t i o n  m i x t u r e  
became v e r y  v i s c o u s  w i t h i n  s e v e r a l  s e c o n d s .  A f t e r  1 h o u r  some s o l i d  
had formed,  and a f t e r  s t a n d i n g  48 h o u r s  t h e  r e a c t i o n  had become a 
s o l i d  mass ,  The s o l i d  was r e c r y s t a l l i z e d  f rom a b s o l u t e  e t h a n o l  t o  
y i e l d  w h i t e  c r y s t a l s ,  m,p.  200-203°C, 

Method B ( 1 0 4 6 6 4 ) .  To 1 - 5 7  g  o f  m - t r i f l u o r o m e t h y l p h e n y l  i s o c y a n a t e  
we added 0 .35  m l  o f  a  10% s o l u t i o n  o f  DABCO ( t r i e t h y l e n e  d i a m i n e )  i n  
benzene  and  0 , 1 0  m l  o f  a l l y 1  g l y c i d y l  e t h e r .  Upon mix ing  t h e  r e a g e n t s  
a  s l i g h t  exo the rm was obse rved  and a  small q u a n t i t y  o f  f i n e l y  d i v i d e d  
w h i t e  s o l i d  p r e c i p i t a t e d ,  A f t e r  a n  h o u r  t h i s  s o l i d  had gone i n t o  
s o l u t i o n ,  A f t e r  s t a n d i n g  48 h o u r s  a t  room t e m p e r a t u r e  some y e l l o w  
c r y s t a l s  had formed b u t  a t t e m p t s  t o  r e c r y s t a l l i z e  them f rom e t h a n o l  
f a i l e d .  Upon s t r i p p i n g  t h e  e t h a n o l ,  a  brown o i l  s y r u p  was o b t a i n e d .  
An I R  s p e c t r u m  was t a k e n  and t h i s  s y r u p  c o n t a i n e d  bands  c h a r a c t e r -  
i s t i c  o f  u r e t h a n e s ,  u r e a s ,  o r  b o t h ,  
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of  t e t r a h y d r o f u r a n  and hydrogena ted  o v e r  Raney n i c k e l  a t  2s0C a t  
50 p s i  f o r  45 min. A f t e r  t h e  Raney n i c k e l  was removed and t h e  THF 
s t r i p p e d ,  t h e  r e s i d u a l  l i q u i d  was d i s s o l v e d  i n  5  m l  o f  e t h a n o l .  A 
s o l u t i o n  o f  4 g  o f  h y d r o c h l o r i c  a c i d  i n  25 m l  o f  e t h a n o l  was added 
s lowly  t o  t h e  amine s o l u t i o n  w h i l e  c o o l i n g  w i t h  t h e  a i d  o f  an  i c e  
b a t h .  The w h i t e  c r y s t a l l i n e  1,3-di-(m-aminopheny1)hexafluoro propane  
d i h y d r o c h l o r i d e  was f i l t e r e d ,  washed w i t h  25 m l  o f  e t h a n o l ,  and d r i e d  
i n  a  vacuum d - e s i c c a t o r :  m e l t i n g  r ange  180-185OC; y i e l d  90%.  

1,3-Di-(m-1socyanatopheny1)hexafluoropropane (104691) .  A n i t r o g e n -  
swept ,  250-ml, 4-necked, f l a s k  equ ipped  w i t h  a  s t i r r e r ,  c o n d e n s e r ,  
d ry  n i t r o g e n  i n l e t ,  thermometer ,  h e a t i n g  m a n t l e  and gas  d i s p e r s i o n  
t u b e  a d ~ u s t e d  t o  r e a c h  below l i q u i d  s u r f a c e  was charged  w i t h  4 .6  g 
of 1,S-di-(m-am~nophenyl)hexafluoropropane d i h y d r o c h l o r i d e  and  175 m l  
o f  d i s t i l l e d - d r i e d  o -d ich lo robenzene ,  A g i t a t i o n  was begun and phos-  
gene added r a p i d l y  c a u s i n g  t h e  t e m p e r a t u r e  t o  r i s e  t o  4 5 ' ~ .  A s  t h e  
exotherm s u b s i d e d ,  t h e  f low o f  phosgene was t h e n  i n c r e a s e d  t o  main- 
t a i n  a  p o s i t i v e  p r e s s u r e  and t h i s  c o n d i t i o n  was s u s t a i n e d  u n t i l  a l l  
of  t h e  s o l i d  had  e n t e r e d  s o l u t i o n .  The c l e a r  s o l u t i o n  was t h e n  
h e a t e d  t o  160°c ,  and d r y  n i t r o g e n  was bubb led  th rough  f o r  1 . 5  h r .  
The s o l u t i o n  was t h e n  c o o l e d  t o  room t e m p e r a t u r e ,  t h e  o - d i c h l o r o -  
benzene s t r i p p e d  o f f ,  and t h e  r e s i d u a l  l i q u i d  d i s t i l l e d  a t  145OC a t  
0 , 0 6  mm; y i e l d ,  88%.  I n f r a r e d  spec t rum F i g u r e  9 .  

A n a l ,  Calcd  f o r  Cl7H8F6N2O2: C ,  43.25;  H ,  1 . 8 1 ;  N ,  6 .30  
Found: C ,  43 ,49 ;  H ,  1 . 7 2 ;  N ,  6 . 3 8  

O c t a f l u o r o h e x a n e d i o v 1  C h l o r i d e  (104698.  1 1 1 2 0 1 ) .  

Method I, I n t o  a  500m94-necked f l a s k  equ ipped  w i t h  a  n i t r o g e n  i n l e t ,  
magnet ic  s t i r r e r ,  V ig reux  column and thermometer  were p l a c e d  50 g  
of  p e r f l u o r o a d i p i c  a c i d  ( a s  o b t a i n e d  from 3M Company). While c o o l i n g  
w i t h  an  i c e - w a t e r  b a t h ,  78 g  o f  s o l i d  phosphorus  p e n t a c h l o r i d e  were 
s lowly  added,  The r e a c t i o n  m i x t u r e  soon l i q u e f i e d ,  e f f e r v e s c e d  
v i g o r o u s l y ,  and exothermed t o  32"C, The phosphorus  o x y c h l o r i d e  was 
d i s t i l l e d  o f f  a t  65OC/150 mm. The p r o d u c t ,  o c t a f l u o r o h e x a r ~ e d i o y l  
c h l o r i d e ,  distilled a t  11OCC/150 mm and was c o l l e c t e d  i n  a d r y - i c e  
coo led  r e c e i v e r ,  Y i e l d  45%.  

Method 11, I n t o  a 200-ml n i t r o g e n - f l u s h e d  round-bot tom f l a s k  was 
p l a c e d  2 5  g ( 0 , 0 8 6  mole)  o f  p e r f l u o r o a d i p i c )  a c i d .  To t h i s  w a s  added 
60 g  ( 0 . 5  mole)  o f  t h i o n y l  c h l o r i d e ,  Wi th in  s e v e r a l  s e c o n d s ,  s u l f u r  
d i o x i d e  and hydrogen c h l o r i d e  began t o  i s s u e  f o r t h ,  c o o l i n g  t h e  r e a c -  
t i o n  f l a s k  i n  t h e  p r o c e s s ,  A f t e r  t h e  i n i t i a l  b u b b l i n g  s u b s i d e d ,  0 . 5  
m l  o f  p y r i d i n e  and a t r a c e  ( s e v e r a l  m i l l i g r a m s )  o f  s o l i d  p o t a s s i u m  
hydrox ide  were added.  The r e a c t i o n  m i x t u r e  was t h e n  h e a t e d  t o  r e f l u x  
f o r  4 h o u r s ,  The u n r e a c t e d  Chionyl  c h l o r i d e  was d i s t i l l e d  a t  76OC a t  





atmospheric pressure. The product distilled with a slight amount 
of decomposition at 132OC, The IR spectrum and boiling point of 
this product were very similar to those of perfluoroglutaryl chlo- 
ride. Yield 72%. 

1,4-Diiodooctafluorobutane (113207). Octafluorohexanedioyl chloride 
(60 g, 0.18 mole) and potassium iodide (91.5 g, 0.55 mole) were 
charged to a nitrogen-filled 180 ml stainless steel bomb. The bomb 
was heated to 250°C and allowed to cool gradually to 20s0C and held 
there for 3 hr, making the total heating time 6 hr. After the bomb 
cooled to room temperature, the carbon monoxide was bled off and 
residual gases were removed by a nitrogen purge. The bomb was rinsed 
with 100 ml of chloroform and 200 ml of water. The organic layer was 
shaken with a solution of sodium bicarbonate until effervescense 
ceased, The chloroform layer was then dried (CaC12) and distilled, 
yielding 1,4-diiodooctafluorobutane (42%), b.p. 122-124OC/346 mm Hg. 
The boiling point and infrared spectrum (Figure 10) were the same 
as those reported by Hauptschein (Ref. 50). 

1,4-Di-(m-nitropheny1)octafluorobutane (113209). The same procedure 
as for 1,3-di-(m-nitropheny1)hexafluoropropane was used. The yield, 
however,-was surprisingly low. The infrared spectrum (~igure 11) 
was very similar to that of its homolog, m.p. 95OC, yield 10%. 

Anal, Calcd for CI6H8F8N2o4: C, 43.25; H, 1.81; N, 6.30 
Found: C, 43.49; H, 1$72; N, 6.38 

1,4-~i-(m-aminophenyl)octafluorobutane Dihydrochloride (113216). A 
95% yield of 1,3-di-(m-aminopheny1)octafluorobutane dihydrochloride 
was obtained using the procedure-employed in the preparation of the 
propane analog. 

l,4-Di-(m-isocyanatopheny1)octafluorobutane (113217). The same pro- 
cedure as for 1,3-di-(m-~socy%n%tophenyl)hexafluoropropane was used. 
The infrared spectrum (Figure 12) was very similar to that of its 
homolog, mop, 8j°C, yield 90%. 

Anal, Calcd for CI8H8F8N2o2: C, 49.55; H, 1.85; N, 6.42 
Found: C, 5O,l7; H, 1.92; N, 6.39 

mole wt: (calcd) 436.26; (found) 433. 









C .  FLUOROALKYL ACETYLENIC COMPOUNDS 

I ,  H e p t a f l u o r o p r o p y l  E t h y n y l  Ketone S y n t h e s i s .  

a ,  Route A .  S e v e r a l  e x p e r i m e n t s  i n v o l v i n g  r e a c t i o n s  o f  
a c e t y l e n i c  o r g a n o m e t a l l i c s  and p e r f l u o r o b u t y r i c  a c i d  d e r i v a t i v e s  
were c a r r i e d  o u t  i n  a  s imilar  manner .  The mola r  r a t i o s ,  t i m e s  tem- 
p e r a t u r e  and r e s u l t s  were summarized i n  T a b l e  6 .  

Ethynylmagnesium bromide was p r e p a r e d  i n  t e t r a h y d r o f u r a n  (THF) 
by t h e  method o f  J o n e s ,  S k a t t e b o l  and Whi t ing  ( R e f .  51 )  by a d d i n g  
e t h y l  Gr igna rd  t o  a c e t y l e n e - s a t u r a t e d  THF. 

Sodium a c e t y l i d e  was p r e p a r e d  by p a s s i n g  p u r i f i e d  a c e t y l e n e  i n t o  
a  sodium d i s p e r s i o n  i n  x y l e n e  a t  100-105° a c c o r d i n g  t o  t h e  method o f  
Ru t l edge  ( R e f .  5 2 ) .  A c e t y l e n e  was p a s s e d  i n t o  sodium d i s p e r s i o n  i n  
x y l e n e  a t  100-105°C u n t i l  t h e  i n t e n s e  p u r p l e  c o l o r  was d i s c h a r g e d  
l e a v i n g  a  s l u r r y  o f  w h i t e  s o l i d .  S o l v e n t  was removed under  vacuum 
l e a v i n g  t h e  w h i t e ,  powdered sodium a c e t y l i d e .  

L i t h i u m  a c e t y l i d e  was p r e p a r e d  by g r a d u a l  a d d i t i o n  o f  a b u t y l  
l i t h i u m  s o l u t i o n  t o  e t h e r  b e i n g  s a t u r a t e d  by a  r a p i d  s t r e a m  o f  
a c e t y l e n e ,  

L i t h i u m ,  magnesium and bromomagnesium s a l t s  o f  p e r f l u o r o b u t y r i c  
a c i d  were p r e p a r e d  as d e s c r i b e d  by Blake ( R e f .  3 0 ) .  

H e p t a f l u o r o b u t y r i c  Anhydride (100273,  1 0 0 2 7 5 ) ,  A m i x t u r e  o f  h e p t a -  
f l u o r o b u t y r i c  a c i d  214 g  ( 1  mole )  and phosphorus  p e n t o x i d e  (100 g )  
was r e f l u x e d  f o r  1 8  h o u r s  and t h e n  d i s t i l l e d .  The i n f r a r e d  spec t rum 
o f  d i s t i l l a t e  r e v e a l e d  i n c o m p l e t e  c o n v e r s i o n  t o  a n h y d r i d e .  The vo- 
l a t i l e  p r o d u c t  was d i s t i l l e d  r a p i d l y  and t h e n  h e a t e d  20 h r s  o v e r  
f r e s h  P205. D i s t i l l a t i o n  t h e n  gave  180 g  ( 8 5 % )  o f  a n h y d r i d e  c o n t a i n -  
i n g  o n l y  a  t r a c e  o f  f r e e  a c i d ,  b . p .  1 0 g 0 ~ / 7 4 0  rnrn, n h 5  <1 .3000 .  

H e p t a f l u o r o p r o p y l  E t h y n y l  Ketone (100291,  100316) .  Sodium a c e t y l i d e  
( 1 0 . 1  g,  0 , 2 1  mole)  i n  100 m l  o f  e t h e r  was added p o r t i o n w i s e  t o  h e p t a -  
f l u o r o b u t y r i c  a n h y d r i d e  ( 7 6 . 8  g ,  0 .188 mole)  i n  125 m l  o f  e t h e r  a t  
-15 t o  - 2 0 0 ~ .  ~ f t e r  s t i r r i n g  an a d d i t i o n a l  h o u r ,  t h e  r e a c t i o n  mix- 
t u r e  was f i l t e r e d  t o  remove t h e  sodium p e r f l u o r o b u t y r a t e .  The f i l -  
t r a t e  was d i s t i l l e d  r a p i d l y  t o  remove t h e  more v o l a t i l e  components 
from h i g h e r  b o i l i n g  m a t e r i a l s .  Subsequent  f r a c t i o n a l  d i s t i l l a t i o n  o f  
t h i s  v o l a t i l e  m a t e r i a l  gave 1 0 . 4  g  o f  p e r f l u o r o p r o p y l  e t h y n y l  k e t o n e ,  
b , p o  3g°C/225 mm, n25 1,3075-1 .3083,  i n  22% y i e l d .  D i s t i l l a t i o n  o f  
t h e  h i g h e r  b o i l i n g  D m a t e r i a l s  gave  1 1 . 3  g  o f  2,2,3,3,4,4,4-heptafluoro- 
1 , l - d i e t h y n y l b u t y l  h e p t a f l u o r o b u t y r a t e ,  b . p .  63-64OC/16 mm, 
nA5 l 03234-1 .3246 .  



I n  a second p r e p a r a t i o n  54 .3  g  sodium a c e t y l i d e  ( 1 . 1 3  m o l e s )  i n  
300 m l  e t h e r  was added o v e r  1 . 5  h o u r s  t o  463 g  o f  h e p t a f l u o r o b u t y r i c  
a n h y d r i d e  ( 1 . 1 3  m o l e s )  i n  300 m l  e t h e r  a t  -50°C. S t i r r i n g  was con- 
t i n u e d  a s  t h e  r e a c t i o n  m i x t u r e  was p e r m i t t e d  t o  warm. A foam began 
t o  form a t  -15°C, Foaming c o n t i n u e d  f o r  two h o u r s  and i n c r e a s e d  as 
t h e  m i x t u r e  was c a u t i o u s l y  p e r m i t t e d  t o  w a r m  t o  t 4 O C .  The r e a c t i o n  
m i x t u r e  was t h e n  f i l t e r e d .  Rapid s e p a r a t i o n  o f  t h e  v o l a t i l e  compo- 
n e n t s  from t h e  f i l t r a t e  and s u b s e q u e n t  r e d i s t i l l a t i o n  a f f o r d e d  a - - 

t o t a l  o f  78 g  o f  p e r f l u o r o p r o p y l  e t h y n y l  k e t o n e ,  b . p .  41°C/235 mm, 
nh5 1.3066 (31% y i e l d ) .  

A 1 4 %  y i e l d  o f  1,l-diethynyl-2,2,3,3,4,4,4-heptafluorobutyl 
h e p t a f l u o r o b u t y r a t e ,  b . p .  55OC/9 mm n h 5  1 .3247 ,  dg5  1 .550 ;  s p .  r e f r .  
0 .130,  c a l c d  0 .130,  was i s o l a t e d  from h i g h e r  b o i l i n g  p r o d u c t s .  
I d e n t i f i c a t i o n  o f  t h i s  p r o d u c t  was b a s e d  on t h e  i n f r a r e d  s p e c t r u m  
t h a t  showed t e r m i n a l  a c e t y l e n i c  groups  (3350 em-'), t h e  c a r b o n y l  
a b s o r p t i o n  a t  1810 cm-I i n s t e a d  o f  1730 cm-I t h a t  s u g g e s t e d  an e s t e r ,  
and t h e  b o i l i n g  p o i n t  t h a t  s u g g e s t e d  a d imer  o f  C3F7COCzCH. The 
s p e c i f i c  r e f r a c t i o n  v a l u e s ,  though n o t  c o n c l u s i v e ,  a r e  c o n s i s t e n t  
w i t h  t h e  a s s ignment  o f  t h i s  s t r u c t u r e ,  

b .  Route B. 

H e p t a f l u o r o p r o p y l e t h y n y l c a r b i n o l  (100270) .  Ethynylmagnesium bromide 
was p r e p a r e d  i n  t e t r a h y d r o f u r a n  by t h e  method o f  S k a t t e b o l ,  J o n e s  
and Whi t ing  ( R e f .  5 1 ) .  Heptafluorobutyraldehyde ( 3 5 . 2  g ,  0 . 1 8  mole )  
was added dropwise  t o  a p p r o x i m a t e l y  0 .19  mole o f  e t h y n y l  G r i g n a r d .  
A f t e r  s t i r r i n g  f o r  1 . 5  h o u r s  t h e  r e a c t i o n  m i x t u r e  was poured  o n t o  
i c e  c o n t a i n i n g  100 m l  o f  10% H C 1 .  The o r g a n i c  p r o d u c t  was s e p a r a t e d ,  
d r i e d ,  and d i s t i l l e d  t o  g i v e  29.2 g  o f  heptafluoropropylethynyl- 
c a r b i n o l ,  b o i l i n g  p o i n t  7OoC/99 mm, n c 5  1 .3415 .  T h i s  p r o d u c t  was 
s u b s e q u e n t l y  shown by NMR t o  be  a  2 : l  complex o f  h e p t a f l u o r o p r o p y l -  
e t h y n y l c a r b i n o l  and t e t r a h y d r o f u r a n .  The y i e l d  was 63% b a s e d  on t h e  
c a r b i n o l  c o n t e n t  and t h e  d e t e r m i n a t i o n  by NMR w a s  c o n s i s t e n t  w i t h  t h e  
s t r u c t u r e  
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Attempted  S y n t h e s i s  o f  H e p t a f l u o r o p r o p y l  E t h y n y l  Ketone by O x i d a t i o n  
o f  Heptafluoropropylethynylcarbinol (100279) .  Chromic a c i d  o x i d a t i o n  
of  heptafluoropropylethynylcarbinol was c a r r i e d  o u t  by t h e  method 
employed by Bowden, e t  aZ, f o r  t h e  s y n t h e s i s  o f  p h e n y l  e t h y n y l  k e t o n e  
from t h e  c o r r e s p o n d i n g  a l c o h o l  ( R e f .  3 9 ) .  A f t e r  a  r e a c t i o n  t i m e  o f  
18  h r  a t  25OC, v o l a t i l e  m a t e r i a l s  were removed under  vacuum. A t r a c e  
of  t h e  d e s i r e d  k e t o n e  a p p e a r s  t o  have been  formed as de te rmined  by 
t h e  i n f r a r e d  spec t rum b u t  t h e  a l c o h o l  was l a r g e l y  r e c o v e r e d  upon sub- 
s e q u e n t  d i s t i l l a t i o n .  

2 ,  3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Pentadecafluoro-l-nonyne Syn- 
t h e s i s .  

Attempted P r e p a r a t i o n  o f  3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Pentadecafluoro- 
1-iodo-1-nonene (91531,  91538) .  A 22 g  (0 .044  mole)  q u a n t i t y  o f  f r e s h l y  
d i s t i l l e d  p e n t a d e c a f l u o r o h e p t y l  i o d i d e  and 0.15 g  o f  a z o d i i s o b u t y r o -  
n i t r i l e  were h e a t e d  f o r  two h o u r s  a t  80-90°C w i t h  v i g o r o u s  s t i r r i n g  i n  
an  a tmosphere  o f  p u r i f i e d  a c e t y l e n e .  The v i o l e t  c o l o r  o f  i o d i n e  g rad -  
u a l l y  formed b u t  l a t e r  d i s a p p e a r e d  upon h e a t i n g  t o  120°C. No e v i d e n c e  
o f  a d d i t i o n  r e a c t i o n  was o b s e r v e d  n o r  d i d  h e a t i n g  f o r  a second  two- 
h o u r  p e r i o d  w i t h  0 .15  g  o f  f r e s h  c a t a l y s t  p rove  t o  b e  e f f e c t i v e .  Most 
o f  t h e  p e r f l u o r o h e p t y l  i o d i d e  was r e c o v e r e d  by d i s t i l l a t i o n ,  l e a v i n g  
a one gram r e s i d u e .  The i n f r a r e d  spec t rum o f  t h i s  r e s i d u e  was e s s e n -  
t i a l l y  t h e  same as t h a t  o f  t h e  s t a r t i n g  m a t e r i a l ,  

A m i x t u r e  o f  p e r f l u o r o h e p t y l  i o d i d e  ( 1 6 . 6  g ,  0 .0335 m o l e ) ,  0 .15  g  
a z o d i i s o b u t y r o n i t r i l e ,  and 20 m l  o f  r e d i s t i l l e d  b u t y r o l a c t o n e  as s o l -  
v e n t  was h e a t e d  i n  an a c e t y l e n e  a tmosphere  a t  900 mm ( t o t a l  p r e s s u r e )  
w i t h  v i g o r o u s  s t i r r i n g ,  A f t e r  two h o u r s  a t  8 0 - 1 0 0 ° ~ ,  t h e  o rgane  two- 
phase  m i x t u r e  became a lmos t  c o l o r l e s s .  The lower  phase  was washed 
w i t h  w a t e r  and d r i e d  o v e r  MgS04. The i n f r a r e d  s p e c t r u m  showed no 
change from t h a t  o f  p e r f l u o r o h e p t y l  i o d i d e  e x c e p t  f o r  a new a b s o r p t i o n  
peak  a t  1800 em'" T h i s  peak  c o r r e s p o n d s  t o  t h e  s t r o n g  c a r b o n y l  
a b s o r p t i o n  o f  b u t r y o l a c t o n e  and was t h e r e f o r e  c o n s i d e r e d  t o  b e  a t r a c e  
o f  t h e  b u t y r o l a c t o n e ,  

1-Iodo-3,3,4,4,5,5,6,6,7,~,8,8,g,g,g-Pentadecafluoro-l-nonene (111415) .  
A o n e - l i t e r  a u t o c l a v e  was cha rged  w i t h  8 1 . 3  g o f  r e d i s t i l l e d  p e r f l u o r o -  
h e p t y l  i o d i d e ,  f l u s h e d  w i t h  a c e t y l e n e  and t o  30 p s i - a t  25OC. 
The bomb was h e a t e d  t o  200°C f o r  6  h r .  A p r e s s u r e  d r o p  was o b s e r v e d  
a t  160°C, D i s t i l l a t i o n  a f f o r d e d  50 g  o f  adduc t  (59% c o n v e r s i o n ) ,  b . p ,  
88OC/30 mm, n 2 5  1.3580-1.3585 and a  r e c o v e r y  o f  20 g  o f  u n r e a c t e d  p e n t a -  
d e c a f l u o r o h e p e y l  i o d i d e .  

3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-Pentadecafu0r0-1-n0nne ( 9 1 5 4 6 ) .  A por -  
t i o n  o f  t h e  above f luo ro - iodononene  ( 1 5 . 9  g )  was added t o  20 g o f  
anhydrous  p o t a s s i u m  h y d r o x i d e  and h e a t e d  u n t i l  v a p o r i z a t i o n  was e v i d e n t ,  
Vacuum was a p p l i e d  t o  a i d  i n  removal  o f  t h e  f l u o r o a c e t y l e n e  p r o d u c t .  
The c r u d e  p r o d u c t  was r e d f s t i l l e d ,  M a t e r i a l  b o i l i n g  a t  87-88OC/300 mm, 
e s t .  n65 1 . 2 9 1  was c o n s i d e r e d  t o  be  f a i r l y  p u r e .  The i n f r a r e d  spec t rum 



showed s t r o n g  a b s o r p t i o n s  a t  3400 cm-I and 2180 em-', which 
f r e q u e n c i e s  a r e  c h a r a c t e r i s t i c  o f  a t e r m i n a l  a c e t y l e n i c  compound. 
Three  f r a c t i o n s  were o b t a i n e d  t o t a l i n g  4 g  and r e p r e s e n t i n g  a 30% 
y i e l d .  

3.  A c e t y l e n e  P o l y m e r i z a t i o n s .  

Bis(tripheny1phosphine)dicarbonyl N i c k e l  ( 9 1 5 1 7 ) .  T h i s  c a t a l y s t  
was p r e p a r e d  from n i c k e l  c a r b o n y l  and t r i p h e n y l p h o s p h i n e  by t h e  
method o f  Rose and S ta tham ( R e f ,  5 3 ) .  

Bis(tripheny1phosphine)nickel D i c h l o r i d e  ( 9 1 5 2 3 ) .  R e a c t i o n  o f  
n i c k e l  c h l o r i d e  w i t h  t r i p h e n y l p h o s p h i n e  f o l l o w i n g  t h e  method o f  
Venanzi ( R e f .  54)  formed bis(tripheny1phosphine)nickel d i c h l o r i d e  
c a t a l y s t .  

Mercury B i s ( c o b a 1 t  t e t r a c a r b o n y l )  (100303) .  Mercury b i s ( c o b a 1 t  
t e t r a c a r b o n y l )  was p r e p a r e d  by t h e  method o f  Hiebe r  and M i t a r b  
(Ref .  5 5 ) .  A s o l u t i o n  o f  c o b a l t  n i t r a t e  ( 1 7 , 5  g ,  0 . 6  mole)  i n  
40 m l  o f  w a t e r  was added t o  400 m l  o f  12% ammonium hydrox ide  i n  a  
f l a s k  c o n t a i n i n g  a ca rbon  monoxide a tmosphere .  The r e a c t i o n  mix- 
t u r e  was c o o l e d  t o  10-15OC and c a r b o n  monoxide g a s  was s l o w l y  
p a s s e d  i n t o  t h e  s o l u t i o n  w h i l e  a  s o l u t i o n  o f  sodium d i t h i o n i t e  
(20  g ,  0 .015 mole)  i n  230 m l  o f  12% ammonium hydrox ide  was added 
o v e r  4 h r ,  c a u s i n g  t h e  r e a c t i o n  m i x t u r e  t o  t u r n  d a r k  r e d .  One m l  
o f  33% formaldehyde  was added and,  a f t e r  s t i r r i n g  f o r  10 min . ,  
m e r c u r i c  c y a n i d e  ( 1 0 . 0  g ,  0 .0398 mole)  i n  50 m l  o f  12% ammonium 
hydrox ide  was added d ropwise ,  c a u s i n g  a  p r e c i p i t a t e  o f  y e l l o w  s o l i d .  
A f t e r  s t i r r i n g  f o r  30 min. t h e  s o l i d  was c o l l e c t e d  on a f r i t t e d  
g l a s s  f i l t e r  and was washed f r e e  o f  ammonium hydrox ide  w i t h  w a t e r .  
The c r y s t a l s  were d i s s o l v e d  i n  110 m l  o f  a c e t o n e .  The s o l u t i o n  
was f i l t e r e d  t o  remove t h e  f r e e  mercury .  A d d i t i o n  o f  400 m l  o f  
w a t e r  r e p r e c i p i t a t e d  t h e  p r o d u c t ,  which was t h e n  c o l l e c t e d  by 
f i l t r a t i o n  and d r i e d  t o  g i v e  1 4 . 4  g  o f  mercury b i s ( c o b a 1 t  t e t r a -  
c a r b o n y l )  . 
P e r f l u o r o p r o p y l  E t h y n y l  Ketone T r i m e r i z a t i o n  ( 9 1 5 4 8 ) .  A m i x t u r e  
o f  9 .0  g  p e r f l u o r o p r o p y l  e t h y n y l  k e t o n e ,  10  m l  d i o x a n e ,  and 0 , 5  g  
mercury b i s ( c o b a 1 t  t e t r a c a r b o n y l )  was r e f l u x e d  o v e r n i g h t ,  Evapor- 
a t i o n  o f  t h e  s o l v e n t  l e f t  9 . 5  g  o f  d a r k  brown r e s i d u e .  D i s t i l l a -  
t i o n  under  vacuum gave 3  g  o f  l i q u i d  d i s t i l l a t e  and 4 g  o f  a  brown, 
f r i a b l e  s o l i d .  The l i q u i d  b o i l i n g  a t  80-87°C/0.08 mm c o n t a i n e d  a 
major  and a minor  component as d e t e r m i n e d  by vapor  phase  chroma- 
t o g r a p h y .  The NMR spec t rum shows m u l t i p l e  peaks  i n  t h e  a r o m a t i c  
r e g i o n .  The i n f r a r e d  spec t rum i n d i c a t e d  a  c a r b o n y l  and f l u o r i n e  
c o n t a i n i n g  a r o m a t i c  compound. The mass spec t rum showed major  mass 
peaks  a t  t h e  f o l l o w i n g  mass numbers:  



Mass Number Assigned Fragment 

666 C G H ~ ( C O C ~ F ~ ) ~  

P h e n y l a c e t y l e n e  T r i m e r i z a t i o n  ( 9 1 5 3 8 ) .  A m i x t u r e  of p h e n y l a c e t y l e n e  
(10  g ) ,  mercury b i s ( c o b a 1 t  t e t r a c a r b o n y l )  ( 1  g ) ,  and d ioxane  (25  g )  
was g r a d u a l l y  warmed, w i t h  s t i r r i n g ,  t o  105OC, a t  which p o i n t  an  
exo the rmic  r e a c t i o n  became a p p a r e n t .  The h e a t  was t u r n e d  o f f  b u t  
s t i r r i n g  was c o n t i n u e d  f o r  1 5  min. V o l a t i l e s  t o t a l i n g  31 .5  g  were 
removed l e a v i n g  a r e s i d u e  o f  6 g .  From t h i s  was o b t a i n e d  2  g  o f  
p h e n y l a c e t y l e n e  and 4 g  o f  a brown, t a f f y - l i k e  r e s i d u e .  Hexane 
d i s s o l v e d  a l l  b u t  0 . 5  g o f  t h i s  r e s i d u e .  S e v e r a l  f r a c t i o n s  i n  
v a r y i n g  d e g r e e s  o f  p u r i t y  were i s o l a t e d  f rom t h e  hexane s o l u t i o n .  
One f r a c t i o n  m e l t i n g  a t  100.5-10l°C was c o n s i d e r e d  t o  be  t h e  1 ,2 ,4 -  
t r i p h e n y l b e n z e n e  p r o d u c t ,  b a s e d  on t h e  r e p o r t e d  m e l t i n g  p o i n t  o f  
lOO.5OC ( R e f ,  2 6 ) .  

P h e n y l a c e t y l e n e  T r i m e r i z a t i o n  w i t h  Z i e g l e r  C a t a l y s t  (111705) .  Phenyl-  
a c e t y l e n e  ( 5  g ,  0 a 0 4 9  moles )  d i s s o l v e d  i n  1 0  m l  o f  h e p t a n e  was added 
dropwise  w i t h - c o o l i n g  t o  a s t i r r e d  h e p t a n e  s l u r r y  o f  Z i e g l e r  c a t a l y s t  
under  an  a r g o n  a tmosphere .  The c a t a l y s t  was p r e p a r e d  by a d d i n g  0 . 0 6 1  g  
( 0 . 3 2  rnmoles) o f  t i t a n i u m  t e t r a c h l o r i d e ,  and 0 .19  g  ( 0 . 9 6  mmoles) o f  
t r i i s o b u t y l a l u m i n u m  t o  5  m l  o f  h e p t a n e .  Upon a d d i t i o n  o f  p h e n y l a c e t y l -  
ene  t o  t h i s  c a t a l y s t ,  a s t r o n g l y  exo the rmic  r e a c t i o n  was o b s e r v e d  and 
c o n t i n u e d  u n t i l  a f t e r  a l l  o f  t h e  p h e n y l a c e t y l e n e  had  been  added.  
F o l l o w i n g  t h e  r e a c t i o n ,  methanol  (20  m l )  a c i d i f i e d  w i t h  4 m l  hydro-  
c h l o r i c  a c i d  was added w i t h  v i g o r o u s  mix ing .  Tan c r y s t a l l i n e  s o l i d  
2 . 5  g ,  mop .  173-177OC, was removed by f i l t r a t i o n .  T h i s  p r o d u c t  was 
c o n s i d e r e d  t o  be  1 , 3 , 5 - t r i p h e n y l b e n z e n e  b a s e d  on t h e  r e p o r t e d  m e l t i n g  
p o i n t  o f  172-173OC and t h e  s i m i l a r i t y  between t h e s e  r e s u l t s  and 
p u b l f s h e d  work ( R e f ,  2 5 ) .  The h e p t a n e  p h a s e  f rom t h e  f i l t r a t e  was 
e v a p o r a t e d  t o  d r y n e s s  l e a v i n g  an o r g a n i c r e s i d u e  we igh ing  2 . 5  g ,  m.p. 
8 9 - 9 5 " ~ ~  T h i s  r e s i d u e  was c o n s i d e r e d  t o  be impure 1 , 2 , 4 - t r i p h e n y l -  
benzene ,  m.p, 100.5°C ( R e f .  2 5 ) .  



6,6- 
ro-1-nonyne (0 .047  mole)  was added t o  

0 .15  g  o f  mercury b i s ( c o b a 1 t  t e t r a c a r b o n y l )  c a t a l y s t  i n  4 m l  o f  
d i o x a n e ,  The m i x t u r e  was h e a t e d  f o r  2 h r  a t  100°C. Upon f i l t r a -  
t i o n  and d i s t i l l a t i o n ,  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  and a brown 
o i l y  r e s i d u e  was o b t a i n e d .  No e v i d e n c e  o f  a r o m a t i c  r i n g  f o r m a t i o n  
was found .  

Another  a t t e m p t  c o n s i s t e d  o f  a d d i n g  one gram of  p e r f l u o r o -  
h e p t y l a c e t y l e n e  dropwise  t o  a c o l d  h e p t a n e  s l u r r y  Z i e g l e r  c a t a l y s t  
p r e p a r e d  as d e s c r i b e d  f o r  p h e n y l a c e t y l e n e  p o l y m e r i z a t i o n .  An i n i -  
t i a l  exo the rm was n o t  s u s t a i n e d  as t h e  a c e t y l e n e  compound was added.  
A f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  o v e r n i g h t  a few m l  o f  a c i d i f i e d  
methanol  was added.  Workup o f  t h e  m a t e r i a l  gave a  t r a c e  o f  a f l u o -  
r i n e  c o n t a i n i n g  o i l  b u t  t h e  r e s u l t s  were c o n s i d e r e d  i n c o n c l u s i v e ,  
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