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BACKGROUND  OF  THE  INVENTION 

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

p r o d u c t i o n   of  h i g h l y   e f f e c t i v e   s u r f a c e   t r e a t i n g   a g e n t s .  

The  s u r f a c e   t r e a t i n g   a g e n t s   p r o d u c e d   in  a c c o r d a n c e   w i t h  

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

p y r o m e l l i t a t e   n u c l e i .   Many  of  the   p y r o m e l l i t a t e   n u c l e i  

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

and  o i l   r e p e l l i n g   c h a r a c t e r i s t i c   to  v a r i o u s   f i b e r s .  

U .S .   P a t e n t   4 , 2 0 9 , 6 1 0   (Mares   et   a l . ,   1980)   d i s -  

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

m o d i f i e r s   f o r   p o l y a m i d e s   and  p o l y e s t e r s .   One  p r e f e r r e d  

g r o u p   of  c o m p o u n d s   in  t h a t   p a t e n t   a re   t h o s e   of  t h e  

f o r m u l a :  

w h e r e i n   A  is  a  f l u o r i n a t e d   e s t e r   such   a s  

C F 3 ( C F 2 ) p R ' O ( O ) C -   and  w h e r e i n   B  is  H O C H ( C H 2 C l ) C H 2 O ( O ) C - ;  
w h e r e i n   R'  is  e t h y l e n e   and  p  is  a  m i x t u r e   of  i n t e g e r s  

s u c h   as  3,  5,  7,  9  and  11  f o r   d i f f e r e n t   c h a i n s .   S u c h  

p r o d u c t s   a re   f o r m e d   by  the   r e a c t i o n   of  p y r o m e l l i t i c  

d i a n h y d r i d e   w i t h   a  f l u o r i n a t e d   a l c o h o l ,   and  t h e n   t h e  

r e a c t i o n   of  the   p r o d u c t   d i a c i d / d i e s t e r   w i t h   e p i c h l o r o h y -  

d r i n .   S p e c i f i c a l l y ,   the   p r o d u c t   is  p r o d u c e d   by  r e a c t i o n  

of  two  m o l e s   of  f l u o r i n a t e d   a l c o h o l   w i t h   e a c h   mole  o f  



p y r o m e l l i t i c   d i a n h y d r i d e   to  to rm  t he   d i a c i d / d i e s t e r .  
Each  mole   of  t he   d i a c i d / d i e s t e r   is  t h e n   r e a c t e d   w i t h   t w o  

m o l e s   of  e p i c h l o r o h y d r i n   to  p r o d u c e   the   p r o d u c t .  

B e c a u s e   the   o x i r a n e   may  r e a c t   a t   t he   one  or  two  c a r b o n ,  

the   p r o d u c t   w i l l   n o r m a l l y   c o n t a i n   m i n o r   a m o u n t s   of  m a t e -  

r i a l   w i t h   B  b e i n g   HUCH2CH(CH2C1)O(O)C-   ( t h e   p r o d u c t   w i t h  

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

m a t e r i a l   w i t h   B  b e i n g   H O C H ( C H 2 C l ) C H 2 O ( O ) C -   ( t h e   p r o d u c t  
w i t h   a  p e n d a n t   s e c o n d a r y   a l c o h o l ) .   O t h e r   p a t e n t s   r e l a t -  

ing  to  t h e   p r o d u c t i o n   of  t h i s   p r o d u c t   i n c l u d e   U . S .  

P a t e n t   No.  4 , 2 5 2 , 9 8 2   ( o x e n r i d e r   1981)   w h e r e i n   an  e s t e r  

s o l v e n t   is  u s e d   and  U.S.   P a t e n t   4 , 3 2 1 , 4 0 3   ( O x e n r i d e r  

e t   a l . ,   1981)   w h e r e i n   N - m e t h y l   p y r r o l i d o n e   is  u s e d   a s  

s o l v e n t .   M e t h o d s   f o r   a p p l y i n g   t he   compound   in  a q u e o u s  
e m u l s i o n s   to  f i b e r s   a re   d i s c l o s e d   in  U .S .   P a t e n t   N o s .  

4 , 1 9 2 , 7 5 4   ( M a r s h a l l   e t   a l . ,   1 9 8 0 ) ,   4 , 1 3 4 , 8 3 9   ( M a r s h a l l ,  

1 9 7 9 ) ,   4 , 1 9 0 , 5 4 5   ( M a r s h a l l   e t   a l .   1 9 8 0 ) ,   4 , 1 9 3 , 8 8 0  

( 1 9 8 0 ) ,   4 , 2 8 3 , 2 9 2   ( M a r s h a l l ,   1981)   and  4 , 3 1 7 , 7 3 6  

( M a r s h a l l ,   1 9 8 2 ) .  

The  p y r o m e l l i t a t e   o l i g o m e r s   of  t he   p r e s e n t   i n v e n -  

t i o n   have   e x t r e m e l y   h i g h   r e s i s t a n c e   to  s o i l i n g ,   and  s o i l  

r e s i s t a n t   p r o p e r t i e s   i m p a r t e d   to  f i b e r s   by  the   o l i g o m e r s  

of  t h i s   i n v e n t i o n   a re   r e t a i n e d   by  the   f i b e r s   a f t e r  

n u m e r o u s   l a u n d e r i n g   c y c l e s .   T h e r e f o r e ,   f i b e r s   t r e a t e d  

w i t h   t he   o l i g o m e r s   of  the   p r e s e n t   i n v e n t i o n   w i l l   r e t a i n  

s o i l   r e s i s t a n c e   p r o p e r t i e s   f o r   l ong   p e r i o d s   of  t ime   i n  

an  e n v i r o n m e n t   whe re   t h e y   a r e   u l t i m a t e l y   e m p l o y e d .   F u r -  

t h e r m o r e ,   as  d e s c r i b e d   in  e a c h   of  the   a b o v e   p a t e n t s ,   a n  

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

c o m p o u n d   to   t he   f i b e r .   I t   w o u l d   be  d e s i r a b l e   to  be  a b l e  

to  l o w e r   t he   t e m p e r a t u r e   of  t he   a n n e a l i n g   s t e p ,   f o r  

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

s o i l   r e s i s t a n c e   or  the   r e t e n t i o n   of  s o i l   r e s i s t a n c e  

a f t e r   l a u n d e r i n g .   With  some  of  the   o l i g o m e r i c   p r o d u c t  

m i x t u r e s   of  t he   p r e s e n t   i n v e n t i o n ,   the   a n n e a l i n g   s t e p  

may  be  a c c o m p l i s h e d   at   t e m p e r a t u r e s   as  low  as  5 0 ° C .  

BRIEF  DESCRIPTION  OF  THE  INVENTION 

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



p r o d u c t i o n   of  an  o r g a n i c   m i x t u r e   u s e f u l   as  a  f i b e r   s u r -  

f a c e   m o d i f y i n g   a g e n t   by  r e a c t i o n   of  p y r o m e l l i t i c   d i a n -  

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

s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  e p i c h l o r o h y d r i n ,  

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

t he   o r g a n i c   m i x t u r e   c o n t a i n i n g   more  t h a n   one  mole  o f  

g r o u p s   d e r i v e d   f rom  p y r o m e l l i t i c   d i a n h y d r i d e   pe r   t w o  

m o l e s   of  g r o u p s   d e r i v e d   f rom  f l u o r i n a t e d   a l c o h o l ,   a n d  

b e i n g   e i t h e r   a  f i r s t   p r o c e s s   o f :  

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

n a t e d   a l c o h o l   at   a  mole   r a t i o   of  two  m o l e s   of  f l u o r i n -  

a t e d   a l c o h o l   pe r   mole   p y r o m e l l i t i c   d i a n h y d r i d e   to  p r o -  
duce   a  p y r o m e l l i t a t e   h a v i n g   two  f l u o r i n a t e d   e s t e r   m o i e -  

t i e s   and  two  c a r b o x y l i c   a c i d   m o i e t i e s ;   a n d  

(b)  r e a c t i n g   s a i d   p y r o m e l l i t a t e   of  s t e p   (a)  w i t h  

an  e x c e s s   of  o x i r a n e   compound   in  t he   p r e s e n c e   of  a d d i -  

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

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

o x i r a n e   compound   r e a c t s   w i t h   s a i d   c a r b o x y l i c   a c i d   m o i e -  

t i e s   to  p r o d u c e   an  e s t e r   h a v i n g   a  p r i m a r y   or  s e c o n d a r y  

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

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

m o i e t i e s   and  c a r b o x y l i c   a c i d   m o i e t i e s   c a p a b l e   of  r e a c t -  

ing  w i t h   s a i d   o x i r a n e   compound   to  p r o d u c e   a d d i t i o n a l  

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

p r o c e s s   o f :  

( a ' )   r e a c t i n g   p y r o m e l l i t i c   d i a n h y d r i d e   w i t h   f l u -  

o r i n a t e d   a l c o h o l   a t   a  mole   r a t i o   of  f l u o r i n a t e d   a l c o h o l  

to   p y r o m e l l i t i c   d i a n h y d r i d e   b e t w e e n   1 : 0 . 5 5   and  1 : 1 . 0   t o  

fo rm  a  p a r t i a l l y   e s t e r i f i e d   p y r o m e l l i t a t e   h a v i n g   f l u -  

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

g r o u p s ;   a n d  

( b ' )   r e a c t i n g   t he   p a r t i a l l y   e s t e r i f i e d   p r o d u c t  

w i t h   o x i r a n e   compound   in  an  amoun t   s u f f i c i e n t   to  c a u s e  

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

g r o u p s   to  be  e s t e r i f i e d .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   u t i l i z e d   f o r  



t h e   p r o d u c t i o n   of  o l i g o m e r - c o n t a i n i n g   m i x t u r e s   e m p l o y s  
t h r e e )   r e a c t a n t s .   P y r o m e l l i t i c   d i a n h y d r i d e   is  one  o f  

the   t h r e e   r e a c t a n t s .   P r e f e r a b l y ,   c o m m e r c i a l   g r a d e   p y r o -  
m e l l i t i c   d i a n h y d r i d e   of  g r e a t e r   t h a n   98%  p u r i t y   s h o u l d  

be  e m p l o y e d   f o r   the   p r a c t i c e   of  the   p r e s e n t   i n v e n t i o n .  

Common  i m p u r i t i e s   w h i c h   can  be  t o l e r a t e d   in  m i n o r  

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

A  s e c o n d   r e a c t a n t   is  a  f l u o r i n a t e d   a l c o h o l .   W h i l e  

any  a l c o h o l   h a v i n g   a  r e l a t i v e l y   long   c h a i n   of  CF2  g r o u p s  
w i t h   a  t e r m i n a l   CF3  g r o u p   may  be  e m p l o y e d ,   t h e   p r e f e r r e d  

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

C F 3 ( C F 2 ) p R ' O H ,   w h e r e i n   R'  is  a l k y l e n e   of  2  to  6  c a r b o n s ,  

and  p  is  an  i n t e g e r   b e t w e e n   3  and  15,  p r e f e r a b l y   b e t w e e n  

3  and  13.  In  t h a t   f o r m u l a   R'  is  p r e f e r a b l y   e t h y l e n e ,  

1 , 2 - p r o p y l e n e   or  1 , 4 - b u t y l e n e ,   and  is  mos t   p r e f e r a b l y  

e t h y l e n e .   I t   is  c o n t e m p l a t e d ,   and  in  f a c t   p r e f e r r e d ,   t o  

use   a  m i x t u r e   of  a l c o h o l s ,   p a r t i c u l a r l y   m i x t u r e s   w i t h  

the   same  R'  g r o u p   such   as  e t h y l e n e ,   bu t   w i t h   v a r y i n g  

v a l u e s   f o r   p.  A  r e p r e s e n t a t i v e   c o m m e r c i a l   m i x t u r e   o f  

f l u o r i n a t e d   a l k y l   e t h a n o l s   has   t he   f o r m u l a  

C F 3 C F 2 ( C F 2 C F 2 ) n C H 2 C H 2 0 H   w h e r e i n   n  i s ,   p r e d o m i n a n t l y ,   2 ,  

3  and  4,  w i t h   l e s s e r   a m o u n t s   of  n  b e i n g   1  a n d   5,  a n d  

t r a c e s   o n l y   of  n  b e i n g   6  or  7 .  

A  t h i r d   r e a c t a n t   u s e d   in  the   p r e s e n t   p r o c e s s   i s  

p r e f e r a b l y   e p i c h l o r o h y d r i n .   I t   may  a l s o   be  t h e   c o r r e s -  

p o n d i n g   bromo  c o m p o u n d ,   known  as  e p i b r o m o h y d r i n   or  p r o -  

p y l e n e   o x i d e .   I t   w i l l   be  a p p r e c i a t e d   t h a t   a l l   t h r e e   o f  

t h e s e   c o m p o u n d s   a re   t h r e e   c a r b o n   o x i r a n e s   w i t h   the   t h i r d  

c a r b o n   b e i n g   of  t he   f o r m u l a   CH2X  w h e r e i n   X  is   C l ,   Br  o r  

H.  

The  p r o c e s s   of  t h i s   i n v e n t i o n   may  be  c o n d u c t e d   i n  

any  of  t he   o r g a n i c   s o l v e n t s   u t i l i z e d   in  f o r m i n g   the   c o m -  

p o u n d s   of  Mares   et   a l . ,   O x e n r i d e r   e t   a l . ,   o r  

O x e n r i d e r .   I l l u s t r a t i v e   e x a m p l e s   of  u s e f u l   s o l v e n t s  

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

p h a t i c   e s t e r s   h a v i n g   a  b o i l i n g   p o i n t   be low  a b o u t   1 5 0 ° C ,  

such   as  m e t h y l   a c e t a t e ,   e t h y l   a c e t a t e ,   p r o p y l   a c e t a t e ,  

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



s u c h   as  m e t h y l   i s o b u t y l   k e t o n e .   The  p r e f e r r e d   s o l v e n t  

f o r   the   p r a c t i c e   of  t h i s   i n v e n t i o n   is  N - m e t h y l p y r r o l i -  

d o n e .  

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

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

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

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

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

c o n t a i n i n g   more  t h a n   one  mole  of  g r o u p s   d e r i v e d   f r o m  

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

f rom  f l u o r i n a t e d . a l c o h o l .   The  p r o c e s s   of  t he   i n v e n t i o n  

may  be  c o n d u c t e d   v i a   two  modes   as  d e s c r i b e d   h e r e i n b e l o w ,  

w i t h   the   f i r s t   mode  b e i n g   the   p r e f e r r e d   m e t h o d   of  p r a c -  

t i c i n g   the   i n v e n t i o n .  

The  o r d e r   of  r e a c t i o n   f o r   t he   f i r s t   mode  of  t h i s  

i n v e n t i o n   is  to  i n i t i a l l y   r e a c t   t he   f l u o r i n a t e d   a l c o h o l  

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

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

two  f r e e   a c i d   m o i e t i e s .   The  r a t i o   of  t he   r e a c t a n t s  

e m p l o y e d   in  t he   p r o d u c t i o n   of  t he   d i e s t e r / d i a c i d   i n t e r -  

m e d i a t e   s h o u l d   be  two  m o l e s   of  f l u o r i n a t e d   a l c o h o l   p e r  
mole   of  p y r o m e l l i t i c   d i a n h y d r i d e .   T h i s   i n i t i a l   r e a c t i o n  

may  be  c o n d u c t e d   at   t e m p e r a t u r e s   b e t w e e n   20°C  and  8 0 ° C  

w i t h   45°C  b e i n g   the   p r e f e r r e d   t e m p e r a t u r e   f o r   t h i s   s t e p  

of  t he   p r o c e s s .   The  l e n g t h   of  t h i s   i n i t i a l   r e a c t i o n  

w i l l   r a n g e   f rom  2  h o u r s   to  40  h o u r s   d e p e n d i n g   upon  t h e  

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

e t h y l a m i n e   is  e m p l o y e d .   H i g h e r   r e a c t i o n   t e m p e r a t u r e s  

and  c a t a l y s t s   w i l l   e n h a n c e   the   r a t e   of  t he   r e a c t i o n   a n d  

c o n s e q u e n t l y ,   r e d u c e   the   t ime   r e q u i r e d   f o r   t he   r e a c t i o n  

to  o c c u r .   The  d i e s t e r / d i a c i d   i n t e r m e d i a t e   p r o d u c e d   v i a  

the   r e a c t i o n   of  a  mole   r a t i o   of  f l u o r i n a t e d   a l c o h o l   t o  

p y r o m e l l i t i c   d i a n h y d r i d e   of  2:1  is  t he   same  i n t e r m e d i a t e  

p r o d u c e d   in  the   a b o v e   Mares   et   a l . ,   O x e n r i d e r   et   a l . ,  

and  O x e n r i d e r   p a t e n t s .   The  d e s c r i b e d   f i r s t   s t e p   of  t h e  

f i r s t   mode  of  t h i s   i n v e n t i o n   may  be  i l l u s t r a t e d   by  r e a c -  

t i o n   (1)  as  f o l l o w s :  



w h e r e i n   RfOH  is  a  f l u o r i n a t e d   a l c o h o l   as  d e s c r i b e d  

h e r e i n b e f o r e .  

The  d i e s t e r / d i a c i d s   r e p r e s e n t e d   by  s t r u c t u r e s   ( I )  

and  ( I I )   above   d e p i c t   the   me ta   and  p a r a   i s o m e r s .   I t  

s h o u l d   be  a p p r e c i a t e d   t h a t   t he   d i e s t e r / d i a c i d   i n t e r -  

m e d i a t e   w i l l   a c t u a l l y   c o n s t i t u t e   a  m i x t u r e   of  t he   m e t a  

and  p a r a   i s o m e r s .   I t   is  no t   n e c e s s a r y   to  i s o l a t e   t h e  

d i e s t e r / d i a c i d   b e f o r e   p r o c e e d i n g   to  t he   n e x t   s t e p   o r  

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

t i o n .   H o w e v e r ,   the   d i e s t e r / d i a c i d   c o u l d   be  i s o l a t e d   i f  

i t   was  d e s i r e d   to  do  s o .  

F o l l o w i n g   p r o d u c t i o n   of  t he   d i e s t e r / d i a c i d   p y r o m e l -  

l i t a t e   i n t e r m e d i a t e ,   an  e x c e s s   of  t he   t h i r d   r e a c t a n t ,   a n  

o x i r a n e   c o m p o u n d   as  d e s c r i b e d   a b o v e ,   is  a d d e d   to  t h e  

r e a c t i o n   med ium.   The  e x c e s s   of  o x i r a n e   e m p l o y e d   w i l l   b e  

more  t h a n   two  m o l e s   of  o x i r a n e   compound   p e r   mole   o f  

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

the   p r o c e s s .   As  w i l l   become  a p p a r e n t ,   t he   a m o u n t   o f  

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

upon  t h e   amoun t   of  p y r o m e l l i t i c   d i a n h y d r i d e   a d d e d   to  t h e  

r e a c t i o n   medium  in  a  l a t e r   s t e p .   The  o x i r a n e   c o m p o u n d  

w i l l   r e a c t   w i t h   the   f r e e   a c i d   m o i e t i e s   of  t he   d i e s t e r /  

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



e s t e r   h a v i n g   two  f l u o r i n a t e d   e s t e r   m o i e t i e s   and  t w o  

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

P r o d u c t i o n   of  t he   e s t e r   m o i e t y   h a v i n g   a  p r i m a r y   o r  

s e c o n d a r y   a l c o h o l   r e s u l t s   f rom  the   r e a c t i o n   of  t h e  

o x i r a n e   c o m p o u n d   a t   the   1  or  2  c a r b o n   w i t h   a  f r e e   a c i d  

g r o u p .   For   e x a m p l e ,   r e a c t i o n   (2)  b e l o w   i l l u s t r a t e s   t h e  

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

i n t e r m e d i a t e .  

In  r e a c t i o n   ( 2 ) ,   A  is  a  f l u o r i n a t e d   e s t e r   m o i e t y   a s  

p r e v i o u s l y   d e s c r i b e d .   In  s t r u c t u r e   ( I I I ) ,   t he   e s t e r  

g r o u p   c o n t a i n i n g   the   a l c o h o l   w i l l   now  be  r e f e r r e d   to  a s  

B.  T h e r e f o r e ,   s t r u c t u r e   ( I I I )   may  be  i l l u s t r a t e d   a s  

f o l l o w s :  

As  p r e v i o u s l y   s t a t e d ,   the   p a r a   i s o m e r   of  the   d i e s t e r /  

d i a c i d   i n t e r m e d i a t e   is  a l s o   f o r m e d .   T h e r e f o r e ,   s t r u c -  

t u r e   ( I I I )   may  a l s o   t a k e   the   f o l l o w i n g   f o r m :  



I t   s h o u l d   a l s o   be  a p p r e c i a t e d   t h a t   i f   t he   o x i r a n e  

compound   r e a c t s   a t   t he   number   2  c a r b o n ,   t he   B  g r o u p   w i l l  

t a k e   t he   form  o f  H o w e v e r ,   B  g r o u p s  

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

10%  of  the   t o t a l   number   of  B  g r o u p s   w h i c h   a r e   f o r m e d .  

The  r e a c t i o n   b e t w e e n   the   d i e s t e r / d i a c i d   i n t e r m e d i -  

a t e   and  the  o x i r a n e   c o m p o u n d ,   r e a c t i o n   ( 2 ) ,   s h o u l d   b e  

c o n d u c t e d   at   a  t e m p e r a t u r e   b e t w e e n   20°C  and  90°C  w i t h  

55°C  b e i n g   the   p r e f e r r e d  t e m p e r a t u r e   f o r   t h i s   s t e p   o f  

the   f i r s t   mode  of  t h i s   i n v e n t i o n .  

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

n e c e s s a r y   to  a c h i e v e   t he   d e s i r e d   l e v e l   of  c o n v e r s i o n   ( a s  

m e a s u r e d   by  the   d i s a p p e a r a n c e   of  f r e e   c a r b o x y l   g r o u p s ) ,  

s u c h   d e s i r e d   l e v e l   b e i n g   d i s c u s s e d   b e l o w .   R e p r e s e n t a -  

t i v e   t i m e s   f o r   the   s e c o n d   s t e p   a re   4  to  20  h o u r s ,   w h i c h  

may  o v e r l a p   w i t h   t he   t h i r d   s t e p   as  d i s c u s s e d   b e l o w .  

R e a c t i o n   ( 2 ) ,   t h e   s e c o n d   s t e p   of  t he   p r o c e s s ,  
s h o u l d   p r e f e r a b l y   be  c o n d u c t e d   in  the   p r e s e n c e   of  a  

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

t r i b u t y l a m i n e ,   l u t i d e n e ,   p y r i d i n e   and  the   l i k e   w i t h  

t r i e t h y l a m i n e   b e i n g   t he   p r e f e r r e d   c a t a l y s t .  

The  n e x t   r e a c t i o n   n e c e s s a r y   f o r   t he   p r a c t i c e   of  t h e  

p r o c e s s   i n v o l v e s   t he   r e a c t i o n   of  a  B  g r o u p   p r i m a r y   o r  

s e c o n d a r y   a l c o h o l   of  s t r u c t u r e   IV  or  V  w i t h   an  a n h y d r i d e  

m o i e t y   of  p y r o m e l l i t i c   d i a n h y d r i d e .   R e a c t i o n   b e t w e e n  

s a i d   a l c o h o l   m o i e t i e s   and  s a i d   a n h y d r i d e   m o i e t i e s   p r o -  
d u c e s   an  e s t e r   l i n k i n g   g r o u p   and  a  f r e e   a c i d   g r o u p .  
T h i s   r e a c t i o n   may  be  i l l u s t r a t e d   as  f o l l o w s   by  the   r e a c -  

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

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



In  o r d e r   f o r   r e a c t i o n   (3)  to  o c c u r ,   a d d i t i o n a l  

p y r o m e l l i t i c   d i a n h y d r i d e   mus t   be  a d d e d   to  t he   r e a c t i o n  

med ium  a f t e r   t h e   f o r m a t i o n   of  t he   d i e s t e r / d i a c i d   i n  

r e a c t i o n   ( 1 ) .   The  p y r o m e l l i t i c   d i a n h y d r i d e   may  be  a d d e d  

to   t he   r e a c t i o n   medium  s i m u l t a n e o u s l y   w i t h   t he   a d d i t i o n  

of  the   o x i r a n e   c o m p o u n d .   When  t h i s   p r o c e d u r e   is  f o l -  

l o w e d ,   as  soon   as  f r e e   a c i d   g r o u p s   a r e   e s t e r i f i e d   by  t h e  

o x i r a n e   compound   t h e r e b y   f o r m i n g   B  g r o u p s   c o n t a i n i n g   a  

p r i m a r y   or  s e c o n d a r y   a l c o h o l ,   t he   a l c o h o l   may  r e a c t   w i t h  

an  a n h y d r i d e   m o i e t y   in  a c c o r d a n c e   w i t h   r e a c t i o n   (3)  a s  
d e s c r i b e d .   I t   is  e s p e c i a l l y   p r e f e r r e d ,   h o w e v e r ,   t o  

m o n i t o r   r e a c t i o n   (2)  by  the   d i s a p p e a r a n c e   of  c a r b o x y l  

g r o u p s   v i a   s t a n d a r d   t i t r a t i o n   t e c h n i q u e s   and  to  a d d  

a d d i t i o n a l   p y r o m e l l i t i c   d i a n h y d r i d e   to  t he   r e a c t i o n  

medium  when  50%  to  100%  of  the   f r e e   a c i d s   have  b e e n  

e s t e r i f i e d .   I t   is  e s p e c i a l l y   p r e f e r r e d   to  add  a d d i -  

t i o n a l   p y r o m e l l i t i c   d i a n h y d r i d e   to  t he   r e a c t i o n   m i x t u r e  

when  85%  to  95%  of  the   c a r b o x y l   g r o u p s   have   been   e s t e r i -  

f i e d   as  d e t e r m i n e d   by  t i t r a t i o n   p r o c e d u r e s .  



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

is  a d d e d   to  t he   r e a c t i o n   m e d i u m ,   r e a c t i o n   (3)  of  t h e  

p r o c e s s   of  t h i s   i n v e n t i o n   w i l l   o c c u r   i f   e s t e r   g r o u p s  

h a v i n g   a  p r i m a r y   or  s e c o n d a r y   a l c o h o l   (B  g r o u p s )   a r e  

p r e s e n t .   R e a c t i o n   (3)  w i l l   o c c u r   a t   t e m p e r a t u r e s  

b e t w e e n   20°C  and  90°C  w i t h   55°C  b e i n g   the   p r e f e r r e d  

t e m p e r a t u r e   f o r   r e a c t i o n   ( 3 ) .   C o m p l e t i o n   of  r e a c t i o n  

(3)  w i l l   be  e v i d e n c e d   by  t he   d i s a p p e a r a n c e   of  e s s e n -  

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

t h a t   e s s e n t i a l l y   no  u n r e a c t e d   c a r b o x y l   g r o u p s   r e m a i n   m a y  
be  a c c o m p l i s h e d   by  s t a n d a r d   t i t r a t i o n   p r o c e d u r e s .   T h e  

t i m e   r e q u i r e d   to  c o m p l e t e   r e a c t i o n   (3)  w i l l   r a n g e   f rom  1 

h o u r   to   40  h o u r s ,   d e p e n d i n g   upon  the   r e a c t i o n   t e m p e r a -  

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

e m p l o y e d ,   e t c .   I t   is  b e l i e v e d   t h a t   h i g h e r   t e m p e r a t u r e s  

f o r   r e a c t i o n   (3)  w i l l   d r i v e   t he   p r o c e s s   to  fo rm  h i g h e r  

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

p e r a t u r e s .  

E x a m i n a t i o n   of  s t r u c t u r e   VI  r e v e a l s   t h a t   s t r u c t u r e  

VI  has   f o u r   h y d r o x y l   g r o u p s   (1,   2,  3,  and  4  as  l a b e l e d )  

w h i c h   a r e   c a p a b l e   of  u n d e r g o i n g   a  f u r t h e r   r e a c t i o n .  

H y d r o x y l s   1  and  2  a r e   c a p a b l e   of  r e a c t i n g   w i t h   an  a n h y -  

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

m o l e c u l e   to  form  a d d i t i o n a l   e s t e r   l i n k i n g   g r o u p s   a n d  

f r e e   a c i d   g r o u p s .   H y d r o x y l s   3  and  4  a r e   c a p a b l e   o f  

r e a c t i n g   w i t h   u n r e a c t e d   o x i r a n e   compound   to   fo rm  a d d i -  

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

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

d a r y   a l c o h o l ) .   The  o r g a n i c   s t r u c t u r e   f o r m e d   by  t h e  

r e a c t i o n   of  t he   f o u r   h y d r o x y l s   of  s t r u c t u r e   VI  is  a  

p e n t a m e r   r e p r e s e n t e d   by  s t r u c t u r e   VII  as  f o l l o w s :  



w h e r e i n   A  and  B  a r e   as  p r e v i o u s l y   d e s c r i b e d   and  L  is  a n  

e s t e r   l i n k i n g   g r o u p   h a v i n g   the   f o l l o w i n g   s t r u c t u r e :  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   c h l o r i n e   in  the   a b o v e  

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

e p i b r o m o h y d r i n   or  p r o p y l e n e   o x i d e   were   to  be  e m p l o y e d   i n  

p l a c e   of  e p i c h l o r o h y d r i n .  

S t r u c t u r e   VII   c o n t a i n s   two  h y d r o x y l s   (5  and  6  a s  

l a b e l e d )   and  two  a n h y d r i d e   g r o u p s   (7  and  8  a s  

l a b e l e d ) .   H y d r o x y l s   5  and  6  w i l l   r e a c t   w i t h   t h e   o x i r a n e  

compound   to  p r o d u c e   a d d i t i o n a l   B  g r o u p s   c a p a b l e   o f  

r e a c t i n g   w i t h   a n o t h e r   a n h y d r i d e ,   and  a n h y d r i d e s   7  and  8 

of  s t r u c t u r e   VII  w i l l   r e a c t   w i t h   an  a l c o h o l   f rom  an  8 

g r o u p   of  a  f l u o r i n a t e d   p y r o m e l l i t a t e   or  a  2  g r o u p   f r o m  

a n o t h e r   a n h y d r i d e   to  form  a d d i t i o n a l   e s t e r   l i n k i n g  

g r o u p s   (L  g r o u p s   as  d e s c r i b e d   f o r   s t r u c t u r e   V I I ) .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   s t r u c t u r e s   VI  and  V I I  

a r e   i n t e r m e d i a t e s   in  t he   o l i g o m e r i z a t i o n   p r o c e s s   b e c a u s e  

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

no  u n r e a c t e d   a c i d   or  a n h y d r i d e   g r o u p s .   The  e x a c t   p a t h  

t he   o l i g o m e r i z a t i o n   p r o c e s s   w i l l   t r a v e l   is  u n c e r t a i n ,  

and  an  u n d e t e r m i n a b l e   number   of  o l i g o m e r i c   s p e c i e s   in  a n  

u n d e t e r m i n a b l e   r a t i o   w i l l   i n h e r e n t l y   r e s u l t   in  t he   o l i -  

g o m e r i c   p r o d u c t   m i x t u r e .  

For   i l l u s t r a t i v e   p u r p o s e s ,   s t r u c t u r e s   V I I I   t h r o u g h  

X I I I   be low  r e p r e s e n t   o l i g o m e r s   w h i c h   may  be  p r e s e n t   i n  



t h e   o l i g o m e r i c   p r o d u c t   m i x t u r e   p r o d u c e d   by  t h e   f i r s t  

mode  of  t h i s   i n v e n t i o n .   S t r u c t u r e s   V I I I   t h r o u g h   X I I I  

a r e   i n t e n d e d   to  i l l u s t r a t e ,   bu t   no t   to  e x h a u s t ,   t h e  

o l i g o m e r i c   c o m p o n e n t s   of  t he   n o v e l   m i x t u r e   p r o d u c e d   b y  

t h e   f i r s t   mode  of  p r a c t i c i n g   the   p r e s e n t   i n v e n t i o n .  





In  s t r u c t u r e s   V I I I   t h r o u g h   X I I I ,   A  r e p r e s e n t s   a  f l u o r i -  

n a t e d   e s t e r   g r o u p   as  p r e v i o u s l y   d e s c r i b e d ;   B  r e p r e s e n t s  

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

p r e v i o u s l y   d e s c r i b e d ;   and  L  r e p r e s e n t s   an  e s t e r   l i n k i n g  

g r o u p   as  p r e v i o u s l y   d e s c r i b e d .  

The  s e c o n d   mode  of  p r a c t i c i n g   the   p r e s e n t   i n v e n t i o n  

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

n a t e d   a l c o h o l   a t   a  mole   r a t i o   of  f l u o r i n a t e d   a l c o h o l   t o  

p y r o m e l l i t i c   d i a n h y d r i d e   b e t w e e n   1 : 0 . 5 5   and  1 : 1 . 0   t o  

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

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

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

o x i r a n e   compound   in  an  a m o u n t   s u f f i c i e n t   to  c a u s e   e s s e n -  

t i a l l y   a l l   of  t he   f r e e   g r o u p s   to  be  e s t e r i f i e d .  

The  o r d e r   of  r e a c t i o n   f o r   the   s e c o n d   mode  of  t h e  

p r e s e n t   p r o c e s s   is  to  f i r s t   r e a c t   the   f l u o r i n a t e d   a l c o -  

ho l   w i t h   p y r o m e l l i t i c   d i a n h y d r i d e   and  t h e n   r e a c t   t h e  

o x i r a n e   compound   w i t h   t he   i n t e r m e d i a t e .   T a k i n g   t he   s i m -  

p l e s t   c a s e   of  one  mole   of  f l u o r i n a t e d   a l c o h o l   f o r   e a c h  

mole   of  p y r o m e l l i t i c   d i a n h y d r i d e ,   t he   p r o d u c t   w i l l ,   o n  

a v e r a g e ,   have   o n l y   one  f l u o r i n a t e d   e s t e r   g r o u p   on  a  

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

t a t e   b e i n g   f r e e   a c i d   and  t he   two  o t h e r   p o s i t i o n s   ( t h e   4 -  

c a r b o n   and  the   5 - c a r b o n   of  t he   r i n g )   s t i l l   l i n k e d   b y  

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

p r o d u c t   r e p r e s e n t s   o n l y   an  a v e r a g e ,   w i t h   t he   a c t u a l  

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

d i a n h y d r i d e   some  of  t h i s   a c i d / e s t e r / a n h y d r i d e   and  s o m e  

d i e s t e r / d i a c i d .   In  t he   a b s e n c e   of  s t e r i c   f a c t o r s   o r  

o t h e r   c o n s i d e r a t i o n s   a f f e c t i n g   r e a c t i o n   r a t e ,   one  w o u l d  

e x p e c t   a  d i s t r i b u t i o n   of  t h e s e   t h r e e   p r o d u c t s   of  1 : 2 : 1  

when  one  mole   of  f l u o r i n a t e d   a l c o h o l   is  u s e d   f o r   e a c h  

mole   of  p y r o m e l l i t i c   d i a n h y d r i d e .   The  use   of  more  t h a n  

one  mole   of  f l u o r i n a t e d   a l c o h o l   pe r   mole   of  p y r o m e l l i t i c  

d i a n h y d r i d e   wou ld   be  e x p e c t e d   to  i n c r e a s e   t h e   a m o u n t   o f  

d i a c i d / d i e s t e r   in  t he   p r o d u c t ,   w h i l e   t he   use   of  l e s s  



t h a n   one  mo le   of  f l u o r i n a t e d   a l c o h o l   p e r   mole   of  p y r o -  
m e l l i t i c   d i a n h y d r i d e   w o u l d   be  e x p e c t e d   to  d e c r e a s e   t h e  

amoun t   of  d i e s t e r / d i a c i d   in  t he   p r o d u c t   w i t h   a  r e s u l t a n t  

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

The  s e c o n d   s t e p   of  t he   s e c o n d   mode  of  p r a c t i c i n g  

t he   p r e s e n t   i n v e n t i o n   f o r   p r o d u c i n g   f i b e r   s u r f a c e   t r e a t -  

ing  a g e n t   i n v o l v e s   r e a c t i o n   of  t he   above   i n t e r m e d i a t e  

w i t h   t he   o x i r a n e   c o m p o u n d ,   e . g .   e p i c h l o r o h y d r i n .   I t  

w i l l   be  a p p r e c i a t e d   t h a t   t he   o x i r a n e   g r o u p   of  e p i c h l o r o -  

h y d r i n   is   c a p a b l e   of  e s t e r i f y i n g   f r e e   a c i d s ,   b u t   c a n n o t  

e s t e r i f y   a n h y d r i d e s .   A c c o r d i n g l y ,   t he   i n i t i a l   r e a c t i o n  

in  the   s e c o n d   s t e p   w i l l   be  b e t w e e n   t he   o x i r a n e   g r o u p   a n d  

t h o s e   f r e e   c a r b o x y l i c   a c i d s   p r e s e n t   in  the   i n t e r m e d i a t e ,  

l i b e r a t e d   as  a  r e s u l t   of  t he   f i r s t   s t e p .   T h i s   r e a c t i o n  

p r o d u c t   is  i l l u s t r a t e d   by  f o r m u l a   XIV  t h a t   f o l l o w s ,   w i t h  

the   e s t e r / a c i d   of  t he   p y r o m e l l i t a t e   on  the   r i g h t   c o n -  

v e r t e d   to  a  p r o d u c t   ( a t   l e a s t   as  to  t h e s e   two  r i n g  

s i t e s )   i d e n t i c a l   to  t he   p r o d u c t   of  t he   Mares   e t   a l .  

p a t e n t .   The  a n h y d r i d e   of  t he   p y r o m e l l i t a t e   on  t he   l e f t ,  

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

any  of  t he   o t h e r   o x i r a n e   c o m p o u n d s   ( e p i b r o m o h y d r i n   a n d  

p r o p y l e n e   o x i d e ) .   A c c o r d i n g l y ,   i t   r e a c t s   w i t h   the   f r e e  

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

p y r o m e l l i t a t e   on  t he   r i g h t .   T h i s   r e a c t i o n   is  i l l u s -  

t r a t e d   by  t h e   t r a n s i t i o n   f rom  f o r m u l a   XIV  to  f o r m u l a   XV 

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

l i n k i n g   g r o u p   b e t w e e n   the   two  r i n g s   by  p r o t o n   t r a n s f e r  

to  t he   l i n k i n g   o x y g e n   of  the   a n h y d r i d e   g r o u p .   S i n c e  

t h i s   new  i n t e r m e d i a t e   XV  has   a  f r e e   c a r b o x y l i c   a c i d  

g r o u p ,   i t   may  now  r e a c t   w i t h   e p i c h l o r o h y d r i n   so  as  t o  

p r o d u c e   t he   f i n a l   p r o d u c t   X V I .  





I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t he   r e a c t i o n   i l l u s -  

t r a t e d   by  f o r m u l a e   XIV,  XV  and  XVI  is  o n l y   r e p r e s e n t a -  

t i v e   of  the   k i n d s   of  r e a c t i o n s   t h a t   can  o c c u r   in  t h e  

s e c o n d   mode  of  t he   p r e s e n t   p r o c e s s   when  the   o x i r a n e   c o m -  

p o u n d   is   a d d e d   to  an  i n t e r m e d i a t e   f o r m e d   by  r e a c t i o n   o f  

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

f l u o r i n a t e d   a l c o h o l .   S i n c e   t he   i n t e r m e d i a t e   r e a c t i o n  

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

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

r e s u l t   h a v i n g   a  v a r i e t y   of  s t r u c t u r e s .   T h u s ,   f o r   e x a m -  

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

s u b j e c t e d   to  t h a t   r e a c t i o n ,   i t   w i l l   be  l i n k e d   to  a t  

l e a s t   two  o t h e r   p y r o m e l l i t a t e   r i n g s   in  t he   m a n n e r   s h o w n  

in  f o r m u l a   XVI.  T h i s   a l o n e   w i l l   c a u s e   a  p l u r a l i t y   o f  

d i m e r s ,   t r i m e r s ,   t e t r a m e r s ,   e t c .   to  be  f o r m e d ,   w i t h   p r e -  
d o m i n a n t   s p e c i e s   b e i n g   d i m e r   and  t r i m e r   so  l o n g   as  t h e  

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

f i r s t   r e a c t i o n   p r o d u c t   is  r e l a t i v e l y   s m a l l .   F u r t h e r -  

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

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

the   c a r b o x y l   of  t he   r i n g   l i n k e d   to  the   2 - c a r b o n   r a t h e r  

t h a n   to  the   I - c a r b o n ) ,   more  t han   one  l i n k i n g   s t r u c t u r e  

b e t w e e n   r i n g s   w i l l   be  f o r m e d   on  the  r e a c t i o n   w i t h  

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

l i n k i n g   s t r u c t u r e s   w i l l   be  - C ( O ) O C H ( C H 2 C l ) C H 2 0 C ( O ) -   i n  

b o t h   i n s t a n c e s ,   bu t   t h a t   the   s t r u c t u r e   w i l l   be  r e v e r s e d  

in  d i r e c t i o n   when  t h e   p e n d a n t   a l c o h o l   is  p r i m a r y .   Some 

of  the   more  common  d i m e r s   and  t r i m e r s   a re   i l l u s t r a t e d   a s  
f o r m u l a e   XVII  t h r o u g h   XXVI:  





In  a l l   of  t h e s e   f o r m u l a e ,   A  r e p r e s e n t s  

- C ( O ) O C H 2 C H 2 ( C F 2 C F 2 ) m C F 2 C F 3   and  B  r e p r e s e n t s   a  m a j o r  

p r o p o r t i o n   of  -C(O)OCH2CH(CH2Cl )OH  and  a  m i n o r   p r o p o r -  
t i o n   (10%)  of  - C ( O ) O C H ( C H 2 C l ) C H 2 O H .  

F o r m u l a e   XVII-XXVI  a r e   i n t e n d e d   to  i l l u s t r a t e ,   b u t  

no t   by  any  means  e x h a u s t ,   t he   o l i g o m e r i c   c o m p o n e n t s   o f  

the   n o v e l   m i x t u r e   p r o d u c e d   by  the   s e c o n d   mode  of  t h e  

p r e s e n t   p r o c e s s .   I t   is  f u r t h e r   c o n t e m p l a t e d   t h a t   t h e  

same  or  s i m i l a r   o l i g o m e r s   to  t h o s e   l i s t e d   may  have   b e e n  

p r e s e n t ,   i n t e n t i o n a l l y   or  i n a d v e r t e n t l y ,   in  c o m m e r c i a l l y  

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

p a t e n t ,   bu t   not   in  t he   same  c o m b i n a t i o n s   a n d / o r   p r o p o r -  
t i o n s   as  a re   p r o d u c e d   by  the   p r e s e n t   p r o c e s s .   F u r t h e r -  

m o r e ,   t he   d e s i r a b l i t y   of  at  l e a s t   some  of  t h e s e   c o m p o n -  



e n t s   has   been   a p p r e c i a t e d   in  a  commonly   a s s i g n e d ,  

c o p e n d i n g   a p p l i c a t i o n   of  Thomas  e t   a l . ,   S e r i a l   N o .  

3 5 0 , 5 4 4 ,   f i l e d   F e b r u a r y   19,  1 9 8 2 .  

In  the   f o u r   d i m e r s   shown  in  f o r m u l a e   XVII -XX,   t h e  

l i n k i n g   g r o u p s   o r i g i n a t e d   f rom  a n h y d r i d e s   on  t h e   l e f t  

r i n g   and  a c i d / e s t e r   on  the   r i g h t   r i n g .   In  f o r m u l a e  

XVI I ,   XIX  and  XX  t h e   e p i c h l o r o h y d r i n   r e a c t e d   w i t h   t h e  

f r e e   a c i d   in  the   r i g h t   r i n g   to  p r o d u c t   p e n d a n t   s e c o n d a r y  

a l c o h o l ,   w h i c h   t h e n   r e a c t e d   w i t h   a n h y d r i d e   on  t he   l e f t  

r i n g .   In  f o r m u l a   XVI I I   e p i c h l o r o h y d r i n   r e a c t e d   w i t h   t h e  

f r e e   a c i d   on  the   r i g h t   r i n g   to  p r o d u c e   p e n d a n t   p r i m a r y  

a l c o h o l ,   wh ich   t h e n   r e a c t e d   w i t h   a n h y d r i d e   on  the   l e f t  

r i n g .  

In  t he   s i x   t r i m e r s   shown  in  f o r m u l a e   XXI-XXVI,   t h e  

i n i t i a l   a c i d / e s t e r   g r o u p s   were   on  the  l e f t   s i d e   of  t h e  

l e f t   r i n g ;   the   r i g h t   s i d e   of  t he   r i g h t   r i n g   and  the   t w o  

i n t e r i o r   p o s i t i o n s   w h e r e   the   A ' s   a re   p r e s e n t   in  e a c h  

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

XXI,  X X I I ,   XXIV,  and  XXV  and  i n v o l v e s   one  d i a n h y d r i d e   i n  

XXII I   and  XXVI.  

In  a l l   c a s e s   t he   f r e e   a c i d s   r e a c t e d   w i t h   e p i c h l o r o -  

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

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

on  a d j a c e n t   r i n g s   to  p r o d u c e   t h e   l i n k a g e s   shown  and  f r e e  

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

p r o d u c e   "B"  g r o u p s .  

As  i n d i c a t e d   a b o v e ,   any  of  the   p r e f e r r e d   s o l v e n t s  

u s e f u l   in  f o r m i n g   t he   c o m p o u n d s   of  Mares   e t   a l . ,  

O x e n r i d e r   et   a l .   and  o x e n r i d e r   may  be  u s e d   in  t he   p r e -  

s e n t   i n v e n t i o n ,   such   as  d i m e t h y l f o r m a m i d e ,   N - m e t h y l -  

p y r r o l i d o n e   and  a l i p h a t i c   e s t e r s   b o i l i n g   b e l o w   l 5 0 ° C  

( s u c h   as  e t h y l   a c e t a t e   and  b u t y l   a c e t a t e ) .   O t h e r   s u i t -  

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

i s o b u t y l   k e t o n e .  

C a t a l y s t s   and  p a r t i c u l a r l y   a c i d   a c c e p t o r s   s u c h   a s  

t r i e t h y l a m i n e ,   may  be  e m p l o y e d   in  the  s e c o n d   mode  of  t h e  

p r e s e n t   p r o c e s s ,   p a r t i c u l a r l y   in  the   s e c o n d   s t e p .  

The  t e m p e r a t u r e s   f o r   the   two  s t e p s   of  the   r e a c t i o n  



a r e   no t   c r i t i c a l .   I t   is  p r e f e r r e d   t h a t   the   t e m p e r a t u r e  

d u r i n g   the   f i r s t   s t e p   be  b e t w e e n   15°C  and  80°C  ( m o r e  

p r e f e r a b l y   40°C  to  5 0 ° C ) .   I t   is   p r e f e r r e d   t h a t   t he   t e m -  

p e r a t u r e   d u r i n g   the   s e c o n d   s t e p   be  b e t w e e n   45°C  a n d  

100°C  (more   p r e f e r a b l y   50°C  to  7 5 ° C ) .   The  r e a c t i o n  

t i m e s   a r e   no t   c r i t i c a l ,   bu t   i t   is  p r e f e r r e d   t h a t   t h e  

f i r s t   s t e p   be  run  l ong   e n o u g h   to  r e a c t   e s s e n t i a l l y   a l l  

( e . g .   90%  or  g r e a t e r )   of  t he   f l u o r i n a t e d   a l c o h o l   i n t r o -  

d u c e d   and  t h a t   t he   s e c o n d   s t e p   be  long   e n o u g h   to  r e a c t  

e s s e n t i a l l y   a l l   f r e e   c a r b o x y l s   ( e . g .   u n t i l   at   l e a s t   90%,  

or  m o r e ,   p r e f e r a b l y   a t   l e a s t   95%,  of  t he   f r e e   c a r b o x y l s  

t i t r a t a b l e   by  a l c o h o l i c   KOH  a re   c o n s u m e d ) .  

As  i n d i c a t e d   a b o v e ,   t he   mole  r a t i o   of  f l u o r i n a t e d  

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

the   s e c o n d   mode  of  t he   p r e s e n t   i n v e n t i o n   is  b e t w e e n  

1 : 0 . 5 5   and  1 : 1 . 0 .   P r e f e r a b l y   t h i s   r a t i o   is  b e t w e e n  

1 : 0 . 6   and  1 : 0 . 8 5 ,   and  more  p r e f e r a b l y   i t   is  b e t w e e n  

1 : 0 . 6 5   and  1 : 0 . 7 5 .   As  i l l u s t r a t e d   by  the   e x a m p l e s  

b e l o w ,   maximum  r e t e n t i o n   of  o i l   r e p e l l e n c y ,   e s p e c i a l l y  

at   a n n e a l i n g   c o n d i t i o n s   b e t w e e n   100°C  and  130°C ,   a r e  

a c h i e v e d   w i t h   the   p r e f e r r e d   and  more  p r e f e r r e d   m o l e  

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

h y d r i d e .  

For  b o t h   modes  of  p r a c t i c i n g   the  i n v e n t i o n ,   i t   i s  

d e s i r a b l e   to  c o n d u c t   t he   p r o c e s s   in  a  dry   a t m o s p h e r e ,   a s  

f o r   e x a m p l e ,   in  t he   p r e s e n c e   of  dry  n i t r o g e n .   P r e s s u r e  

is  no t   c r i t i c a l ,   w i t h   a t m o s p h e r i c   p r e s s u r e   b e i n g   s u i t -  

a b l e .   S o l v e n t   a m o u n t s   a r e   no t   c r i t i c a l ,   w i t h   s u f f i c i e n t  

s o l v e n t   b e i n g   e n o u g h   to  keep   at  l e a s t   h a l f   of  t he   p y r o -  
m e l l i t a t e s   and  f l u o r o a l c o h o l s   in  s o l u b l e   ( s i n c e   p r e c i -  

p i t a t e s   can  r e d i s s o l v e   i n t o   s o l u t i o n   as  i t   r e a c t s ) ,   a n d  

p r e f e r a b l y   a l l   of  the   r e a c t a n t s ,   i n t e r m e d i a t e s ,   a n d  

p r o d u c t s   in  s o l u t i o n .  

Once  f o r m e d ,   the   o l i g o m e r - c o n t a i n i n g   m i x t u r e s   o f  

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

s o l v e n t   in  a  m a n n e r   a n a l o g o u s   to  t h a t   e m p l o y e d   in  t h e  

above   Mares   et   a l . ,   O x e n r i d e r   et   a l .   and  O x e n r i d e r  

p a t e n t s .   Thus ,   fo r   e x a m p l e ,   the   e n t i r e   r e a c t i o n   m i x t u r e  



may  be  a d d e d   to  a  n o n - s o l v e n t   s u c h   as  w a t e r   w h e n  N -  

m e t h y l p y r r o l i d o n e   is  u s e d   as  s o l v e n t ,   or  a  v o l a t i l e  

e s t e r   or  k e t o n e   s o l v e n t   may  be  d i s t i l l e d   from  t he   r e a c -  
t i o n   m i x t u r e .   In  e i t h e r   c a s e ,   i t   is  p r e f e r r e d   to  w a s h  

the   i n i t i a l   p r o d u c t   at   l e a s t   once   w i t h   w a t e r   in  o r d e r   t o  

r emove   any  r e m a i n i n g   s o l v e n t   a n d / o r   c a t a l y s t   a n d / o r  

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

c o m p o u n d s .  

The  p r o d u c t   may  t h e n   be  a p p l i e d   to   t he   p o l y a m i d e   o r  

p o l y e s t e r   f i b e r   f rom  an  o r g a n i c   s o l v e n t   such   as  a c e t o n e ,  

m e t h a n o l   or  d i o x a n e .   I t   is  b e l i e v e d   t h a t   t he   o l i g o m e r i c  

p r o d u c t   m i x t u r e s   can  be  a p p l i e d   to  f i b e r s   in  an  e m u l s i o n  

s i m i l a r   to  t he   e m u l s i o n   d e s c r i b e d   in  U.S.   P a t e n t   N o .  

4 , 1 9 2 , 7 5 4   M a r s h a l l   et   a l . ,   or  in  o t h e r   e m u l s i o n   s y s t e m s  

such   as  t h o s e   d e s c r i b e d   in  t he   o t h e r   M a r s h a l l   a n d  

M a r s h a l l   et   a l .   p a t e n t s   l i s t e d   a b o v e .   I t   is  a l s o  

b e l i e v e d   t h a t   the   compound   may  f u r t h e r   be  a p p l i e d   to  t h e  

f i b e r   a l o n g   w i t h   o t h e r   f i b e r   t r e a t i n g   a g e n t s ,   and  e s p e -  

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

f i b e r   d u r i n g   p r o c e s s i n g .  

S u i t a b l e   f i b e r s   i n c l u d e   p o l y ( c a p r o a m i d e )   ( n y l o n   6 ) ,  

p o l y ( h e x a m e t h y l e n e   d i a m i n e   a d i p a t e )   ( n y l o n   66)  and  o t h e r  

p o l y a m i d e s   of  b o t h   the   p o l y ( a m i n o   a c i d )   t y p e   and  p o l y -  

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

d i a m i n e   s e b a c a t e )   known  as  n y l o n   6 , 1 2 .   A l s o   s u i t a b l e  

are   p o l y e s t e r s   such   as  p o l y ( e t h y l e n e   t e r e p h t h a l a t e )  

(PET) .   L e v e l s   of  a p p l i c a t i o n   a re   no t   c r i t i c a l ,   w i t h  

l e v e l s   on  a  f l u o r i d e / f i b e r   b a s i s   s i m i l a r   to  the   a b o v e  

p a t e n t s   b e i n g   s u i t a b l e   ( e . g .   0 . 0 7 5 - 0 . 2 5 %   f l u o r i d e ) .  

S u b s e q u e n t   to  f i b e r   a p p l i c a t i o n ,   i t   is  p r e f e r r e d  

t h a t   t he   t r e a t e d   f i b e r   be  a n n e a l e d   to   i m p r o v e   t he   a d h e r -  

ence   of  the   t r e a t i n g   a g e n t   to  t he   f i b e r .   A n n e a l i n g   c o n -  

d i t i o n s   a r e   g e n e r a l l y   b e t w e e n   80°C  and  160°C;   bu t   w i t h  

the   p r e s e n t   p r o d u c t s ,   the   a n n e a l i n g   t e m p e r a t u r e   r a n g e   i s  

f rom  40°C  to  160°C .   The  o l i g o m e r i c   m i x t u r e s   p r o d u c e d   b y  

the   f i r s t   mode  of  the   p r e s e n t   i n v e n t i o n   a re   e s p e c i a l l y  

u n u s u a l   in  t h a t   f i b e r s   t r e a t e d   w i t h   the   m i x t u r e s   e x h i b i t  

e x c e l l e n t   s o i l   r e s i s t a n c e   p r o p e r t i e s   and  r e t e n t i o n   o f  



the   p r o p e r t i e s ,   even   t h o u g h   a n n e a l i n g   t e m p e r a t u r e s   a s  
low  as  40°C  to  50°C  a re   e m p l o y e d .   H o w e v e r ,   in  many  p r e -  
f e r r e d   e m b o d i m e n t s   of  t h i s   i n v e n t i o n ,   t he   a n n e a l i n g   s t e p  

is  c o n d u c t e d   a t   t e m p e r a t u r e s   b e t w e e n   100°C  and  1 4 0 ° C .  

EXAMPLES 

E x a m p l e s   1-13  more  p a r t i c u l a r l y   i l l u s t r a t e   t h e  

f i r s t   mode  of  p r a c t i c i n g   the   p r e s e n t   i n v e n t i o n .   T h i s  

mode  is  d e s c r i b e d   on  p a g e s   5 -14   of  t h i s   a p p l i c a t i o n .  

E x a m p l e s   16 -30   more  p a r t i c u l a r l y   i l l u s t r a t e   t h e  

s e c o n d   mode  of  p r a c t i c i n g   the   p r e s e n t   i n v e n t i o n .   T h e  

s e c o n d   mode  is  d e s c r i b e d   on  p a g e s   1 4 - 2 1   of  t h i s   a p p l i -  

c a t i o n .  

EXAMPLES  1 - 1 3  

In  p e r f o r m i n g   the   r e a c t i o n s   d e s c r i b e d   by  E x a m p l e s  

1 - 1 3 ,   a  500  mL  or  250  mL  3 - n e c k e d   r o u n d   b o t t o m   f l a s k   w a s  

f i t t e d   w i t h   a  s t i r r i n g   b a r ,   t h e r m o m e t e r ,   w a t e r   c o n -  

d e n s e r ,   n i t r o g e n   i n l e t   and  v e n t .   In  e a c h   e x a m p l e ,   p e r -  

f l u o r o a l k y l e t h a n o l   r e f e r s   to  a  m i x t u r e   of  f l u o r i n a t e d  

a l c o h o l s   of  t he   f o r m u l a   CF3CF2(CF2CF2)nCH2CH20H  w i t h   n  = 

2,  3,  4  and  5.  The  f l u o r i n a t e d   a l c o h o l s   c o n t a i n e d   2 . 1  

meq  O H / g .  

EXAMPLE  1 

D i - ( p e r f l u o r o a l k y l e t h a n o l ) - b i s - ( 3 - c h l o r o - 2 - h y d r o x y -  

p r o p y l )   t e t r a e s t e r   of  p y r o m e l l i t i c   a c i d   (40  g,  3 0 . 0 8  

meq)  was  d i s s o l v e d   at  45°C  in  dry  N - m e t h y l p y r r o l i d o n e  

(35  mL).  P y r o m e l l i t i c   d i a n h y d r i d e   ( 3 . 2 8   g,  3 0 . 1 1   m e q )  

was  a d d e d   and  the   r e a c t i o n   m i x t u r e   was  a l l o w e d   to  r e a c t  

f o r   15  h o u r s   at   45°C.   The  t e m p e r a t u r e   of  the   r e a c t i o n  

m i x t u r e   was  r a i s e d   to  55°C.   E p i c h l o r o h y d r i n   ( 7 . 0 5   mL, 

9 0 . 2 4   meq)  and  t r i e t h y l a m i n e   ( 0 . 1 3   mL)  were   a d d e d .   T h e  

r e a c t i o n   m i x t u r e   was  t h e n   a l l o w e d   to  r e a c t   f o r   13  a d d i -  

t i o n a l   h o u r s .   Upon  c o o l i n g   to  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  t h e n   p o u r e d   i n t o   two  l i t e r s   o f  

w e l l - s t i r r e d   ice   w a t e r   (5°C)  to  p r e c i p i t a t e   the  p r o d u c t  

and  s t i r r e d   f o r   0 .5  h o u r s .   The  p r e c i p i t a t e   was  w a s h e d  

t h r e e   more  t i m e s   in  a  s i m i l a r   m a n n e r .   The  p r o d u c t   w a s  

r e c o v e r e d   by  f i l t r a t i o n   and  d r i e d   o v e r n i g h t   at  room  t e m -  

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



w e i g h i n g   34 .7   g  was  r e c o v e r e d .   The  p r o d u c t   had  a  s u r -  

f a c e   e n e r g y   of  10  d y n e s / c m   as  d e t e r m i n e d   by  the   Z i s m a n  

t e c h n i q u e .   P r o t o n   NMR  c o n f i r m e d   the   s t r u c t u r a l   c h a r a c -  

t e r i s t i c s   of  the   o l i g o m e r i c   p r o d u c t   m i x t u r e .  

EXAMPLE  2 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 5 . 4   g,  3 4 7 . 3 4   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 7 . 9   g,  3 4 7 . 9 2   meq)  and  M - m e t h y l -  

p y r r o l i d o n e   (160  mL)  were   added   to  a  r e a c t i o n   f l a s k   t o  

form  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

h e a t e d   to  45°C  and  s t i r r e d   f o r   18  h o u r s   in  o r d e r   to  c o m -  

p l e t e   t he   i n i t i a l   r e a c t i o n .   The  t e m p e r a t u r e   of  t h e  

r e a c t i o n   m i x t u r e   was  r a i s e d   to  55°C  and  e p i c h l o r o h y d r i n  

( 8 1 . 5   mL,  1 0 4 3 . 2   meq)  and  t r i e t h y l a m i n e   ( 1 . 4 5   mL)  w e r e  

added   to  the   r e a c t i o n   m i x t u r e .   The  r e a c t i o n   was  c o n -  

t i n u e d   f o r   5  a d d i t i o n a l   h o u r s .   P y r o m e l l i t i c   d i a n h y d r i d e  

(19  g,  1 7 4 . 4 2   meq)  was  t h e n   added   to  t he   r e a c t i o n   m i x -  

t u r e   and  the   r e a c t i o n   was  a l l o w e d   to  c o n t i n u e   f o r   16 

h o u r s .   The  r e a c t i o n   m i x t u r e   c o n t a i n i n g   t he   p r o d u c t   w a s  

a l l o w e d   to  c o o l   to  room  t e m p e r a t u r e   and  was  p o u r e d   i n t o  

t h r e e   l i t e r s   of  i ce   w a t e r   ( 5 ° C ) .   The  p r o d u c t   was  w a s h e d  

and  r e c o v e r e d   as  in  E x a m p l e   1.  The  p r o d u c t   ( 2 4 0 . 9   g )  

was  a  t a n ,   t a c k y   s o l i d   and  had  a  s u r f a c e   e n e r g y   of  12 

d y n e s / c m   as  d e t e r m i n e d   by  the   Z i sman   t e c h n i q u e .   T h e  

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

by  p r o t o n   NMR. 

EXAMPLE  3 

P e r f l u o r o a l k y l e t h a n o l   (159  g,  3 3 3 . 9   meq)  p y r o m e l l i -  

t i c   d i a n h y d r i d e   ( 3 6 . 4   g,  3 3 4 . 2   meq)  and  N - m e t h y l p y r r o l i -  

done  (168  mL)  were   a d d e d   to  a  r e a c t i o n   f l a s k   and  r e a c t e d  

as  in  Example   2.  E p i c h l o r o h y d r i n   ( 7 8 . 3   mL,  1 0 0 2 . 2 4   m e q )  

and  t r i e t h y l a m i n e   ( 1 . 5   mL)  were   a d d e d   to  t h e   r e a c t i o n  

m i x t u r e   and  the   r e a c t i o n   was  a l l o w e d   to  c o n t i n u e   f o r   5 

a d d i t i o n a l   h o u r s .   P y r o m e l l i t i c   d i a n h y d r i d e   ( 2 1 . 8   g ,  
2 0 0 . 1 2   meq)  was  a d d e d   to  the   r e a c t i o n   m i x t u r e   and  t h e  

r e a c t i o n   was  c o m p l e t e d   as  in  Example   2.  A  t a n   s o l i d  

p r o d u c t   w e i g h i n g   2 4 6 . 9   g  was  r e c o v e r e d   v i a   the   p r o c e d u r e  

d e s c r i b e d   in  E x a m p l e   1.  The  p r o d u c t   had  a  s u r f a c e   t e n -  

s i o n   of  12  d y n e s / c m   as  d e t e r m i n e d   by  the   Z i s m a n   t e c h -  



n i q u e .  
EXAMPLE  4 

U s i n g   t he   p r o c e d u r e s   of  Example   2,  t h e   f o l l o w i n g  

a m o u n t   of  r e a c t a n t s ,   c a t a l y s t   and  s o l v e n t   were   e m p l o y e d  

in  o r d e r   to  p r o d u c e   an  o l i g o m e r i c   m i x t u r e :  

A  t a n   s o l i d   p r o d u c t   ( 2 7 7 . 6   g)  h a v i n g   a  s u r f a c e   e n e r g y   o f  

12  d y n e s / c m   was  r e c o v e r e d .   S t r u c t u r a l   c h a r a c t e r i s t i c s  

were   c o n f i r m e d   by  p r o t o n   NMR. 

EXAMPLE  5 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 0 . 3   g,  3 3 6 . 6 3   m e q ) ,   p y r o -  
m e l l i t i c   d i a n y d r i d e   ( 3 6 . 7   g,  3 3 6 . 9 1   m e q ) ,   and  N-  m e t h y l -  

p y r r o l i d o n e   (160  mL)  were   a d d e d   to  a  r e a c t i o n   f l a s k   t o  

fo rm  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

r e a c t e d   at  a  t e m p e r a t u r e   of  45°C  fo r   23  h o u r s .   E p i -  

c h l o r o h y d r i n   (79  mL,  1 0 1 1 . 2   meq)  and  t r i e t h y l a m i n e   ( 1 . 4  

mL)  were   added   to  the   r e a c t i o n   m i x t u r e   and  the   r e a c t i o n  

was  a l l o w e d   to  c o n t i n u e   at   55°C  f o r   a  p e r i o d   of  9 . 5  

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

i t   was  d e t e r m i n e d   t h a t   91.5%  of  the   c a r b o x y l   g r o u p s   h a d  

r e a c t e d .   P y r o m e l l i t i c   d i a n h y d r i d e   ( 1 8 . 4   g,  1 6 8 . 9 1   m e q ) ,  

e p i c h l o r o h y d r i n   ( 3 9 . 5   mL,  5 0 5 . 6   meq)  and  t r i e t h y l a m i n e  

( 0 . 7   mL)  were   t h e n   a d d e d   to  t he   r e a c t i o n   m i x t u r e .   T h e  

r e a c t i o n   was  c o n t i n u e d   f o r   an  a d d i t i o n a l   9 .5   h o u r s .  

T i t r a t i o n   i n d i c a t e d   t h a t   e s s e n t i a l l y   a l l   of  the   c a r -  

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

2 3 5 . 4   g  was  r e c o v e r e d   as  in  Example   1.  P r o t o n   NMR 

c o n f i r m e d   the   d e s i r e d   s t r u c t u r a l   c h a r a c t e r i s t i c s .  



EXAMPLE  6 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 4 . 5   g,  3 4 5 . 4 5   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 7 . 7   g,  3 4 6 . 0 9   meq)  and  N - m e t h y l -  

p y r r o l i d o n e   (166  mL)  were  a d d e d   to  a  r e a c t i o n   f l a s k   t o  

form  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

a l l o w e d   to  r e a c t   fo r   22  h o u r s   a t   45°C.   E p i c h l o r o h y d r i n  

(81  mL,  1 0 3 6 . 8   meq)  and  t r i e t h y l a m i n e   ( 1 . 4 4   mL)  w e r e  
a d d e d   to   t h e   r e a c t i o n   m i x t u r e ,   and  t he   r e a c t i o n   was  c o n -  

t i n u e d   a t   60°C  f o r   7 .5   h o u r s .   U t i l i z i n g   the   t i t r a t i o n  

p r o c e d u r e   d e s c r i b e d   in  Example   5,  i t   was  d e t e r m i n e d   t h a t  

95%  of  t h e   c a r b o x y l   g r o u p s   had  r e a c t e d .   P y r o m e l l i t i c  

d i a n h y d r i d e   ( 1 8 . 8   g,  1 7 2 . 5 8   m e q ) ,   e p i c h l o r o h y d r i n   ( 4 1 . 6  

mL,  1 7 2 . 5   m e q ) ,   and  t r i e t h y l a m i n e   ( 0 . 7 2   mL)  were   t h e n  

a d d e d   to  t he   r e a c t i o n   m i x t u r e ,   and  t he   r e a c t i o n   was  c o n -  

t i n u e d   f o r   an  a d d i t i o n a l   6  h o u r s .   T i t r a t i o n   i n d i c a t e d  

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

r e a c t e d .   A  p r o d u c t   w e i g h i n g   2 2 6 . 1   g  was  r e c o v e r e d   a s  

a b o v e .   The  p r o d u c t   had  a  s u r f a c e   e n e r g y   of  12  d y n e s / c m .  

EXAMPLE  7 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 2 . 7   g,  3 4 1 . 6 7   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 7 . 2   g,  3 4 1 . 4 9   meq)  and  N - m e t h y l -  

p y r r o l i d o n e   (160  mL)  were  added   to  a  r e a c t i o n   f l a s k   t o  

form  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

warmed  to  45°C  and  a l l o w e d   to  r e a c t   f o r   23  h o u r s .   E p i -  

c h l o r o h y d r i n   ( 8 0 . 1   mL,  1 0 2 5 . 2 8   meq)  and  t r i e t h y l a m i n e  

( 1 . 4 2   mL)  were   added   to  the   r e a c t i o n   m i x t u r e ,   and  t h e  

r e a c t i o n   was  c o n t i n u e d   at  65°C  f o r   4  h o u r s .   T i t r a t i o n  

in  a c c o r d a n c e   w i t h   Example   5  i n d i c a t e d   t h a t   89.6%  of  t h e  

a v a i l a b l e   c a r b o x y l   g r o u p s   had  r e a c t e d .   P y r o m e l l i t i c  

d i a n h y d r i d e   ( 1 8 . 6   g,  1 7 0 . 7 5   m e q ) ,   e p i c h l o r o h y d r i n   ( 4 0 . 0  

mL,  512  meq)  and  t r i e t h y l a m i n e   ( 0 . 7 1   mL)  were   a d d e d   t o  

the   r e a c t i o n   m i x t u r e .   The  r e a c t i o n   was  c o n t i n u e d   f o r   6 

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

a l l   of  t he   a v a i l a b l e   c a r b o x y l   g r o u p s   had  r e a c t e d .   A 

p r o d u c t   w e i g h i n g   2 6 6 . 9   g  was  r e c o v e r e d   as  in  E x a m p l e  

1.  The  p r o d u c t   had  a  s u r f a c e   t e n s i o n   of  15  d y n e s / c m   a s  

d e t e r m i n e d   by  the   Zisman  t e c h n i q u e .   P r o t o n   NMR  c o n -  

f i r m e d   the   s t r u c t u r a l   c h a r a c t e r i s t i c s   of  the   o l i g o m e r i c  



p r o d u c t .  

EXAMPLE  8 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 3 . 3   g,  3 4 2 . 3   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 7 . 4   g,  3 4 3 . 3 3   meq)  and  N - m e t h y l -  

p y r r o l i d o n e   (168  mL)  were  a d d e d   to   a  r e a c t i o n   f l a s k   t o  

form  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

warmed  to   45°C  and  a l l o w e d   to  r e a c t   f o r   21  h o u r s .   E p i -  

c h l o r o h y d r i n   ( 8 0 . 4   mL,  1 0 2 9 . 1 2   meq)  and  t r i e t h y l a m i n e  

( 1 . 4 3   mL)  were   t h e n   added   to  t he   r e a c t i o n   m i x t u r e .   T h e  

r e a c t i o n   was  t h e n   c o n t i n u e d   f o r   1 1 . 5   h o u r s   a t   5 5 ° C .  

T i t r a t i o n   in  a c c o r d a n c e   w i t h   E x a m p l e   5  i n d i c a t e d   t h a t  

90.9%  of  t he   a v a i l a b l e   c a r b o x y l s   had  r e a c t e d .   P y r o m e l -  

l i t i c   d i a n h y d r i d e   ( 1 1 . 2   g,  1 0 2 . 8 2   m e q ) ,   e p i c h l o r o h y d r i n  

( 2 4 . 1   mL,  3 0 8 . 4 8   meq)  and  t r i e t h y l a m i n e   ( 0 . 4 3   mL)  w e r e  

t h e n   a d d e d   to  the   r e a c t i o n   m i x t u r e .   The  r e a c t i o n   w a s  

c o n t i n u e d   f o r   10  a d d i t i o n a l   h o u r s   at  55°C.   T i t r a t i o n  

i n d i c a t e d   t h a t   e s s e n t i a l l y   no  u n r e a c t e d   c a r b o x y l   g r o u p s  
r e m a i n e d .   A  p r o d u c t   w e i g h i n g   2 7 4 . 6   g  was  r e c o v e r e d   a s  

in  E x a m p l e   1.  P r o t o n   MMR  c o n f i r m e d   t he   s t r u c t u r a l   c h a r -  

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

EXAMPLE  9 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 1 . 9   g,  3 3 9 . 9 9   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 7 . 1   g,  3 4 0 . 5 8   meq)  and  N - m e t h y l -  

p y r r o l i d o n e   (162  mL)  were   a d d e d   to  a  r e a c t i o n   f l a s k   t o  

form  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

warmed  to   45°C  and  a l l o w e d   to  r e a c t   f o r   23  h o u r s .   E p i -  

c h l o r o h y d r i n   ( 7 9 . 8   mL,  1 0 2 1 . 4 4   meq)  and  t r i e t h y l a m i n e  

( 1 . 4 2   mL)  were   added   to  the   r e a c t i o n   m i x t u r e ,   and  t h e  

r e a c t i o n   was  c o n t i n u e d   at  55°C  f o r   10  h o u r s .   T i t r a t i o n  

in  a c c o r d a n c e   w i t h   Example   5  i n d i c a t e d   t h a t   90%  of  t h e  

a v a i l a b l e   c a r b o x y l   g r o u p s   had  r e a c t e d .   P y r o m e l l i t i c  

d i a n h y d r i d e   ( 7 . 4 2   g,  6 8 . 1 2   m e q ) ,   e p i c h l o r o h y d r i n   (16  mL, 

2 0 4 . 8   meq)  and  t r i e t h y l a m i n e   ( 0 . 2 8   mL)  were   added   to  t h e  

r e a c t i o n   m i x t u r e .   The  r e a c t i o n   was  t h e n   c o n t i n u e d   f o r  

10  a d d i t i o n a l   h o u r s   at   55°C.   T i t r a t i o n   i n d i c a t e d   t h a t  

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

w e i g h i n g   1 9 5 . 9   g  was  r e c o v e r e d   as  in  Example   1.  P r o t o n  

NMR  e o n f i r m e d   the   s t r u c t u r a l   c h a r a c t e r i s t i c s   of  the   o l i -  



g o m e r i c   p r o d u c t   m i x t u r e .  

EXAMPLE  10 

P e r f l u o r o a l k y l e t h a n o l   ( 1 6 0 . 0   g,  3 3 6 . 0   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 5 . 6   g,  3 2 6 . 5   meq)  and  N - m e t h y l -  

p y r r o l i d o n e   (59  mL)  were   a d d e d   to   a  r e a c t i o n   f l a s k   t o  

form  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

warmed  to   45°C  and  a l l o w e d   to  r e a c t   f o r   1 8 . 5   h o u r s .   E p i -  

c h l o r o h y d r i n   ( 7 8 . 8   mL,  1 0 0 8 . 6   meq)  and  t r i e t h y l a m i n e  

( 1 . 4   mL)  were   t h e n   a d d e d   to  t he   r e a c t i o n   m i x t u r e .   T h e  

t e m p e r a t u r e   of  t he   r e a c t i o n   m i x t u r e   was  r a i s e d   to  5 5 ° C ,  

and  t h e   r e a c t i o n   m i x t u r e   was  a l l o w e d   to  r e a c t   f o r   12 

h o u r s .   T i t r a t i o n   in  a c c o r d a n c e   w i t h   E x a m p l e   5  i n d i c a t e d  

t h a t   90.8%  of  the   c a r b o x y l s   had  been   r e a c t e d .   P y r o m e l -  

l i t i c   d i a n h y d r i d e   ( 1 4 . 2   g,  1 3 0 . 2   m e q ) ,   e p i c h l o r o h y d r i n  

( 3 1 . 5   mL,  4 0 3 . 2   meq)  and  t r i e t h y l a m i n e   (U.56   mL)  w e r e  

t h e n   a d d e d   to  the   r e a c t i o n   m i x t u r e .   The  r e a c t i o n   w a s  

t h e n   c o n t i n u e d   f o r   9 .5  a d d i t i o n a l   h o u r s   a t   55°C.   T i t r a -  

t i o n   i n d i c a t e d   t h a t   e s s e n t i a l l y   no  u n r e a c t e d   c a r b o x y l  

g r o u p s   r e m a i n e d .   A  p r o d u c t   w e i g h i n g   140  g  was  r e c o v e r e d  

as  in  E x a m p l e   1.  The  p r o d u c t   had  a  s u r f a c e   t e n s i o n   o f  

15  d y n e s / c m   as  d e t e r m i n e d   by  the   Z i sman   t e c h n i q u e .  

P r o t o n   NMR  c o n f i r m e d   the   s t r u c t u r a l   c h a r a c t e r i s t i c s   o f  

the   o l i g o m e r i c   p r o d u c t .  

COMPARATIVE  EXAMPLE  11  

P e r f l u o r o a l k y l e t h a n o l   ( 6 2 . 9   g,  1 3 2 . 0 9   m e q ) ,  

p y r o m e l l i t i c   d i a n h y d r i d e   ( 1 4 . 4   g,  1 3 2 . 1 9   meq)  N - m e t h y l -  

p y r r o l i d o n e   (65  mL)  and  t r i e t h y l a m i n e   ( 0 . 5 5   mL)  w e r e  

added   to  a  r e a c t i o n   f l a s k   to  form  a  r e a c t i o n   m i x t u r e .  

The  r e a c t i o n   m i x t u r e   was  warmed  to  45°C  and  a l l o w e d   t o  

r e a c t   f o r   2  h o u r s .   E p i c h l o r o h y d r i n   ( 3 0 . 9 9   mL,  3 9 6 . 6 7  

meq)  was  t h e n   added   to  the   r e a c t i o n   m i x t u r e .   The  t e m -  

p e r a t u r e   of  the   r e a c t i o n   m i x t u r e   was  r a i s e d   to  75°C,   a n d  

the   r e a c t i o n   was  a l l o w e d   to  c o n t i n u e   f o r   5  h o u r s .  

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

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

69 .6   g  was  r e c o v e r e d   as  in  E x a m p l e   1  w i t h   some  d i f f i -  

c u l t y .   The  p r o d u c t   had  a  s u r f a c e   t e n s i o n   of  12  d y n e s / c m  

as  d e t e r m i n e d   by  the   Z i sman   t e c h n i q u e .   The  s t r u c t u r e   o f  



t he   s i n g l e   r i n g   p y r o m e l l i t a t e   t e t r a e s t e r   was  c o n f i r m e d  

by  p r o t o n   NMR.  Thomas  e t   a l . ,   c o p e n d i n g   c o m m o n l y  

a s s i g n e d   A p p l i c a t i o n   S e r i a l   No.  3 5 0 , 5 4 4 ,   d i s c l o s e d   t h a t  

t h i s   m a t e r i a l   c o n t a i n e d   some  m a t e r i a l s   of  an  o l i g o m e r i c  

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

n a t u r e .  

EXAMPLE  12 

P e r f l u o r o a l k y l e t h a n o l   ( 6 3 . 6   g,  1 3 3 . 5 6   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 1 4 . 6   g,  1 3 4 . 0 3   m e q ) ,   N - m e t h y l -  

p y r r o l i d o n e   (65  mL)  and  t r i e t h y l a m i n e   ( 0 . 6 5   mL)  w e r e  

a d d e d   to  a  r e a c t i o n   f l a s k   to  form  a  r e a c t i o n   m i x t u r e .  

The  r e a c t i o n   m i x t u r e   was  warmed  to  45°C  and  r e a c t e d   f o r  

2  h o u r s .   E p i c h l o r o h y d r i n   ( 4 3 . 4   mL,  5 5 5 . 5 2   meq)  w a s  

a d d e d   to  a  r e a c t i o n   m i x t u r e ,   and  the   r e a c t i o n   m i x t u r e  

was  r e a c t e d   f o r   2  h o u r s   at  75°C.   P y r o m e l l i t i c   d i a n -  

h y d r i d e   ( 7 . 3   g,  6 7 . 0 1   meq)  was  added   and  t he   r e a c t i o n  

was  c o n t i n u e d   at  75°C  fo r   an  a d d i t i o n a l   5  h o u r s .   I t   w a s  

n e c e s s a r y   to  wash  the   p r o d u c t   u s i n g   a  g a r i n g   b l e n d e r   d u e  

to  i t s   s o f t   c o n s i s t e n c y .   A  p r o d u c t   w e i g h i n g   7 0 . 3   g  w a s  
o b t a i n e d .   The  p r o d u c t   had  a  s u r f a c e   t e n s i o n   of  8 

d y n e s / c m   as  d e t e r m i n e d   by  the   Z i sman   t e c h n i q u e .   S t r u c -  

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

were   c o n f i r m e d   by  p r o t o n   NMR. 

EXAMPLE  13 

P e r f l u o r o a l k y l e t h a n o l   ( 1 5 7 . 1   g,  3 2 9 . 9   m e q ) ,   p y r o -  
m e l l i t i c   d i a n h y d r i d e   ( 3 4 . 7   g,  3 1 8 . 2   meq)  and  N - m e t h y l -  

p y r r o l i d o n e   (160  mL)  were   added   to  a  r e a c t i o n   f l a s k   t o  

fo rm  a  r e a c t i o n   m i x t u r e .   The  r e a c t i o n   m i x t u r e   w a s  

warmed   to  45°C  and  a l l o w e d   to  r e a c t   f o r   23  h o u r s .   E p i -  

c h l o r o h y d r i n   ( 1 1 2 . 1   mL,  1 4 3 4 . 8 8   meq) ,   p y r o m e l l i t i c   d i a n -  

h y d r i d e   ( 1 7 . 4   g,  1 5 9 . 6   meq)  and  t r i e t h y l a m i n e   ( 2 . 0   mL) 

were   t h e n   added   to  the   r e a c t i o n   m i x t u r e .   The  t e m p e r a -  

t u r e   of  the   r e a c t i o n   m i x t u r e   was  r a i s e d   to  65°C,   and  t h e  

r e a c t i o n   m i x t u r e   was  a l l o w e d   to  r e a c t   f o r   7  h o u r s .  

T i t r a t i o n   in  a c c o r d a n c e   w i t h   Example   5  i n d i c a t e d   t h a t  

99.1%  of  the   a v a i l a b l e   c a r b o x y l   m o i e t i e s   had  r e a c t e d .   A 

p r o d u c t   w e i g h i n g   2 5 3 . 0   g  was  r e c o v e r e d   as  in  E x a m p l e  



1.  The  p r o d u c t   had  a  s u r f a c e   t e n s i o n   of  14  d y n e s / c m   a s  
d e t e r m i n e d   by  the   Z i s m a n   t e c h n i q u e .   P r o t o n   NMR  c o n -  

f i r m e d   the   s t r u c t u r a l   c h a r a c t e r i s t i c s   of  t h e   o l i g o m e r i c  

p r o d u c t .  

EXAMPLE  14 

P e r f o r m a n c e   E v a l u a t i o n  

S o l u t i o n s   were   p r e p a r e d   f rom  the   p r o d u c t s   of  E x a m -  

p l e s   1 -13   of  0 . 2 5 g   of  e a c h   p r o d u c t   in  100  mL  a c e t o n e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   p r o d u c t s   of  E x a m p l e s   1 -  

10  and  1 2 - 1 3   a r e   o l i g o m e r i c   m i x t u r e s   and  t h a t   t he   p r o d -  

u c t   of  E x a m p l e   11  is   a  p y r o m e l l i t a t e   h a v i n g   a  s t r u c t u r e  

s i m i l a r   to  t he   p y r o m e l l i t a t e s   of  Mares   e t   a l . ,   O x e n r i d e r  

e t   a l . ,   and  O x e n r i d e r   as  d e s c r i b e d   in  t he   B a c k g r o u n d  

s e c t i o n   of  t h i s   a p p l i c a t i o n .   T h e r e f o r e ,   E x a m p l e   11  is  a  

c o m p a r a t i v e   e x a m p l e ,   and  i t   is  l a b e l e d   as  C - l l   in  T a b l e s  

I - I V .   S w a t c h e s   of  p o l y a m i d e   and  p o l y e s t e r   f a b r i c s   w e r e  

d i p p e d   in  t he   s o l u t i o n s ,   a i r   d r i e d   f o r   1  to   3  h o u r s ,   a n d  

t h e n   a n n e a l e d   f o r   30  m i n u t e s   in  a  c i r c u l a t i n g   oven   a t   a  

s e l e c t e d   t e m p e r a t u r e .   T h e s e   s w a t c h e s   were   t h e n   t e s t e d  

f o r   o i l   r e p e l l e n c y   by  the   p r o c e d u r e s   of  AATC  T e s t   N o .  

1 1 8 - 1 9 6 6   i n i t i a l l y   and  a f t e r   b e i n g   s u b j e c t e d   to   a  n u m b e r  

of  l a u n d r y   c y c l e s .  

T a b l e s   I,  I I ,   and  I I I   i l l u s t r a t e   t he   o i l   r e p e l l e n c y  

i m p a r t e d   to  Ny lon   6,  N y l o n   6 ,6  and  p o l y ( e t h y l e n e   t e r e -  

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

E x a m p l e s   1 -13   were   a p p l i e d   to  s a i d   f i b e r s   as  d e s c r i b e d  

h e r e i n a b o v e .   T a b l e   IV  is  a  summary  of  t he   n u m b e r   o f  

l a u n d r y   c y c l e s   in  w h i c h   s a i d   f i b e r s   h a v i n g   a p p l i e d  

t h e r e t o   the   c o m p o s i t i o n s   of  E x a m p l e s   1-13  r e t a i n e d   a n  

o i l   r e p e l l e n c y   of  a t   l e a s t   4 .  











The  r e s u l t s   of  E x a m p l e   14  as  i l l u s t r a t e d   by  T a b l e s  

I - I V   i n d i c a t e   t h a t   the   o l i g o m e r i c   m i x t u r e s   p r e p a r e d   by  

the   f i r s t   mode  of  t h i s   i n v e n t i o n   a re   h i g h l y   e f f e c t i v e  

s u r f a c e   m o d i f i e r s .   An  o i l   r e p e l l e n c y   of  4  a f t e r   7 

l a u n d r y   c y c l e s   is  g e n e r a l l y   c o n s i d e r e d   a  most   s a t i s f a c -  

t o r y   r a t i n g .   T a b l e   IV  i l l u s t r a t e s   t h a t   the   o l i g o m e r s   o f  



t h i s   i n v e n t i o n   r e t a i n e d   an  o i l   r e p e l l e n c y   of  4  a f t e r  7  

l a u n d r y   c y c l e s   in  mos t   c a s e s .   F u r t h e r m o r e ,   t he   o l i g o -  

m e r i c   m i x t u r e s   ou t   p e r f o r m e d   t he   c o m p a r a t i v e   p y r o m e l l i -  

t a t e   monomer s   of  E x a m p l e   11  in  mos t   i n s t a n c e s ,   e x c e p t  
f o r   t he   o l i g o m e r s   p r o d u c e d   by  E x a m p l e   13  w h i c h   e m p l o y e d  

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

Example   15 

Low  T e m p e r a t u r e   A n n e a l i n g   P e r f o r m a n c e   E v a l u a t i o n  

U t i l i z i n g   t he   p r o c e d u r e s   e m p l o y e d   in  E x a m p l e   1 4 ,  

f i b e r s   t r e a t e d   w i t h   t h e   p r o d u c t s   of  E x a m p l e s   6,  7,  a n d  

11  were   a n n e a l e d   a t   t e m p e r a t u r e s   f rom  50°C  to  90°C  a n d  

t h e n   t e s t e d   f o r   o i l   r e p e l l e n c y .   As  in  E x a m p l e   14,  t h e  

p r o d u c t   of  Example   11  was  u sed   f o r   c o m p a r a t i v e   p u r -  

p o s e s .   The  r e s u l t s   a r e   i l l u s t r a t e d   in  T a b l e   X I I I .  

The  above   r e s u l t s   in  T a b l e   V  c l e a r l y   i l l u s t r a t e  

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

p a r e d   v i a   the   f i r s t   mode  of  t h i s   i n v e n t i o n   w h i c h   a r e  

a n n e a l e d   a t   low  t e m p e r a t u r e s   w i l l   have   d e s i r a b l e   s o i l  

r e s i s t a n c e   p r o p e r t i e s .   On  the   o t h e r   h a n d ,   T a b l e   V 

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



monomer   of  c o m p a r a t i v e   E x a m p l e   11  d id   n o t   a c h i e v e   a  

s a t i s f a c t o r y   o i l   r e p e l l e n c y   r a t i n g   when  s a i d   f i b e r s   w e r e  

a n n e a l e d   at  low  t e m p e r a t u r e s .  

EXAMPLES  1 6 - 3 0  

A  500  mL  3 - n e c k e d   r o u n d   b o t t o m   f l a s k   was  f i t t e d  

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

gen  i n l e t   and  v e n t .   A l l   g l a s s w a r e   was  a i r   d r i e d   a t  

120°C  and  c o o l e d   in  a  d e s s i c a t o r .   In  e a c h   e x a m p l e ,   a n  

a m o u n t   of  t e l o m e r   f l u o r i n a t e d   a l c o h o l s   of  t he   f o r m u l a  

C F 3 C F 2 ( C F 2 C F 2 ) n C H 2 C H 2 0 H   w i t h   n  =  2,  3,  4  and  5  h a v i n g  

2 .1   meq  OH/g  was  c h a r g e d   and  w e i g h e d .   T h e r e a f t e r  

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

N - m e t h y l p y r r o l i d o n e   (NMP)  were   added   and  the   m i x t u r e  

h e a t e d   f o r   at   l e a s t   10  h o u r s   at  45°C.   T h e r e a f t e r   e p i -  

c h l o r o h y d r i n   in  e x c e s s   and  t r i e t h y l a m i n e   (TEA)  at  3  m o l  

%  of  c a r b o x y l   were   a d d e d .   The  r e a c t i o n   m i x t u r e   was  t h e n  

k e p t   at  5 5 - 5 8 ° C   f o r   a  p e r i o d   ( 1 0 - 1 5   h o u r s )   w h i l e   t h e  

f r e e   COOH  was  m o n i t o r e d   by  t i t r a t i o n   w i t h   a l c o h o l i c  

KOH.  On  c o m p l e t i o n ,   t he   r e a c t i o n   m i x t u r e   was  p o u r e d  
i n t o   15 -20   v o l u m e s   of  a g i t a t e d   c o l d   w a t e r   in  an  i c e  

b a t h ,   s t i r r e d ,   the   w a t e r   s i p h o n e d   o f f   and  r e p l a c e d ,  

s t i r r e d   and  t he   w a t e r   r e p l a c e d .   The  p r o d u c t   was  w a s h e d  

at   l e a s t   t h r e e   t i m e s ,   f i l t e r e d   and  d r i e d   o v e r n i g h t   a t  

room  t e m p e r a t u r e   u n d e r   v a c u u m .  

EXAMPLE  16 

The  above   p r e p a r a t i o n   was  c o n d u c t e d   w i t h   t h e  

f o l l o w i n g   q u a n t i t i e s :  

The  p r o d u c t   a f t e r   t he   above   w o r k - u p   was  198 .0   g  o f  

c r e a m   c o l o r e d ,   s l i g h t l y   t a c k y   s o l i d s .  

EXAMPLE  17 

The  above   p r o c e d u r e   was  f o l l o w e d   f o r   t he   f o l l o w i n g  

r e c i p e :  



The  p r o d u c t   a f t e r   a  s i m i l a r   w o r k - u p   was  2 6 6 . 0   g  o f  

b rown  t w o - t o n e   s l i g h t l y   t a c k y   s o l i d s .   A  p o r t i o n   ( 1 6 . 4  

g)  was  u s e d   f o r   a n a l y s i s   and  t e s t i n g   in  o r g a n i c   s o l -  

v e n t s ,   t he   b a l a n c e   r e s e r v e d   f o r   t e s t i n g   in  a q u e o u s   e m u l -  

s i o n s .  

EXAMPLE  18 

The  above   p r o c e d u r e   was  f o l l o w e d   f o r   t he   f o l l o w i n g  

r e c i p e ,   e x c e p t   t h a t   the   a l c o h o l   was  c h a r g e d   a f t e r   t h e  

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

done   was  h e a t e d   to   4 5 ° C .  

The  f i n a l   r e a c t i o n   p r o d u c t   was  r e f r i g e r a t e d   o v e r -  

n i g h t   b e f o r e   p o u r i n g   i n t o   3 .5   L  w a t e r   and  w a s h i n g .  

A f t e r   vacuum  d r y i n g ,   2 6 4 . 7   g  t a n   s o l i d s   were   r e c o v e r e d ,  

w i t h   2 4 8 . 7   g  r e s e r v e d   f o r   e m u l s i o n   t e s t i n g   and  16 .0   g ,  

f o r   a n a l y s i s   and  t e s t i n g   in  a c e t o n e   s o l u t i o n .  

EXAMPLE  19 

The  above   p r o c e d u r e   was  f o l l o w e d   f o r   t h e   f o l l o w i n g  

r e c i p e :  

The  f i n a l   r e a c t i o n   m i x t u r e   was  r e f r i g e r a t e d   o v e r -  

n i g h t ,   and ,   in  two  p o r t i o n s ,   i t   was  p o u r e d   i n t o   3  L 



s t i r r e d   i c e - c o l d   w a t e r   s u r r o u n d e d   by  an  i ce   b a t h .   A f t e r  

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

b l e n d i n g   in  a  W a r i n g   b l e n d e r   s e v e r a l   t i m e s ) ,   the   p r o d u c t  

was  r e c o v e r e d   by  f i l t r a t i o n   and  vacuum  d r i e d   to  p r o d u c e  

2 6 6 . 8   g  of  t a c k y   l i g h t   brown  s o l i d s .  

EXAMPLE  20  

The  above   p r o c e d u r e   was  r e p e a t e d   u s i n g   the   f o l l o w -  

ing  r e c i p e :  

In  t h i s   E x a m p l e ,   t he   e p i c h l o r o h y d r i n   amoun t   w a s  

m e a s u r e d   to  be  t h r e e   t i m e s   t he   f l u o r o a l c o h o l   r a t h e r   t h a n  

t h r e e   t i m e s   the   c a r b o x y l .  

The  p r o d u c t   a f t e r   a  s i m i l a r   w o r k - u p   was  2 6 0 . 9   g  o f  

d a r k   brown  t a c k y   s o l i d s .   A  s m a l l   amoun t   ( 1 0 - 1 2   g)  w a s  

u s e d   f o r   t e s t i n g   in  a c e t o n e   s o l u t i o n ,   w i t h   t he   b a l a n c e  

r e s e r v e d   f o r   e m u l s i o n   t e s t i n g .  

EXAMPLE  21 

The  above   p r o c e d u r e   was  r e p e a t e d   u s i n g   the   f o l l o w -  

ing  r e c i p e :  

A g a i n ,   the   e p i c h l o r o h y d r i n   was  c o m p u t e d   as  t h r e e   t i m e s  

t he   f l u o r o a l c o h o l .   A f t e r   a  s i m i l a r   w o r k - u p ,   the   p r o d u c t  
r e c o v e r e d   was  24 .6   g  of  s l i g h t l y   t a c k y   s o l i d s ,   m o s t l y  

t a n   w i t h   some  c ream  c o l o r e d   p a r t i c l e s .  



EXAMPLE  22  

The  a b o v e   p r o c e d u r e   was  r e p e a t e d   u s i n g   the   f o l l o w -  

ing  r e c i p e :  

A f t e r   a  s i m i l a r   w o r k - u p ,   t he   p r o d u c t   r e c o v e r e d   was  3 2 . 7  

g  of  t an   s o l i d s .  

EXAMPLE  23 

The  a b o v e   p r o c e d u r e   was  f o l l o w e d   u s i n g   the   f o l l o w -  

ing  r e c i p e   in  an  a t t e m p t   to  e m p l o y   a  1 : 1 . 6 7   f l u o r o -  

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

F i v e   h o u r s   a f t e r   a d d i t i o n   of  t r i e t h y l a m i n e   and  e p i -  

c h l o r o h y d r i n ,   an  a t t e m p t   to  r emove   the   f i r s t   a l i q u o t   f o r  

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

m i x t u r e   had  f o r m e d   a  r u b b e r y   ge l   i n s o l u b l e   in  N - m e t h y l -  

p y r r o l i d o n e .  

EXAMPLE  24 

The  a b o v e   p r o c e d u r e   was  f o l l o w e d ,   w i t h   the   f o l l o w -  

ing  m o d i f i c a t i o n s   f o r   e t h y l   a c e t a t e   as  s o l v e n t ,   b a s e d   i n  

p a r t   upon  t he   p r o c e s s   of  U.S .   P a t e n t   4 , 2 5 2 , 9 8 2   ( D e c e m b e r  

1 9 8 1 ) :  

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



a d d i t i o n a l   10  mL  e t h y l   a c e t a t e   was  a d d e d .   T w e n t y  f o a r  

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

w i t h   t i t r a t i o n   s h o w i n g   97.2%  c a r b o x y l   c o n v e r s i o n ,   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 ,   p o u r e d   i n t o   1 .3   L  s t i r r e d  

i c e   c o l d   w a t e r   and  w a s h e d   f o u r   t i m e s .   A f t e r   vacuum  d r y -  

i n g ,   3 3 . 3   g  of  c r e a m   c o l o r e d ,   v e r y   s l i g h t l y   t a c k y   s o l i d s  

w e r e   r e c o v e r e d .   A  s i m i l a r   p r o d u c t   c o u l d   have   been   p r o -  

d u c e d   by  vacuum  d r y i n g   the   r e a c t i o n   m i x t u r e   and  w a s h i n g  

t h e   r e s i d u e .  

EXAMPLE  25 

The  a b o v e   p r o c e d u r e   was  f o l l o w e d ,   w i t h   t he   f o l l o w -  

ing  m o d i f i c a t i o n s   f o r   m e t h y l   i s o b u t y l   k e t o n e   as  s o l v e n t :  

B e c a u s e   the   i n i t i a l   r e a c t i o n   m i x t u r e   had  s o l i d   p r e s e n t ,  

an  a d d i t i o n a l   10  mL  m e t h y l   i s o b u t y l   k e t o n e   was  added   a n d  

t h e   t e m p e r a t u r e   was  r a i s e d   f rom  45°C  to  55°C .   S o l i d s  

r e m a i n e d ,   bu t   t he   r e a c t i o n   was  c o n t i n u e d   by  a d d i n g   e p i -  

c h l o r o h y d r i n   and  t r i e t h y l a m i n e .   A f t e r   16  h o u r s   at   5 5 ° C ,  

t h e   r e a c t i o n   m i x t u r e   showed  97.6%  c a r b o x y l   c o n v e r s i o n .  

I t   was  p o u r e d   i n t o   1 .4   L  s t i r r e d   i c e d   w a t e r   to  form  a  

p a s t e   ( m e t h y l   i s o b u t y l   k e t o n e   is  w a t e r - i n s o l u b l e ) .   T h e  

w a t e r   was  s i p h o n e d   o f f   and  the   p a s t e   d i s s o l v e d   i n  

c h l o r o f o r m .   The  s o l u t i o n   was  t h e n   w a s h e d   t h r e e   t i m e s  

w i t h   w a t e r ,   f i l t e r e d   and  t hen   d r i e d   w i t h   m a g n e s i u m   s u l -  

f a t e .   A f t e r   f l a s h   e v a p o r a t i o n ,   2 5 . 0   g  of  t a c k y   l i g h t  

amber   s o l i d s   were   r e c o v e r e d .  

EXAMPLE  26 

The  a b o v e   p r o c e d u r e   was  f o l l o w e d ,   e x c e p t   a  98%  p u r e  
a l c o h o l   CF3CF2(CF2CF2)3CH2CH20H  (MW  464)  was  u sed   i n  

p l a c e   of  the   f l u o r o a l c o h o l   m i x t u r e   in  the   f o l l o w i n g  

r e c i p e :  



A f t e r   t he   n o r m a l   w o r k - u p ,   21 .0   g  of  o f f - w h i t e   s o l i d s  

were   r e c o v e r e d .   T h i s   p r o d u c t   was  u s e d   f o r   p r o t o n   a n d  

c a r b o n   13  NMR,  mass   s p e c t r o s c o p y   and  o t h e r   t e c h n i q u e s  
f o r   s t r u c t u r a l   a n a l y s i s ,   as  w e l l   as  f o r   l a u n d r y   t e s t i n g .  

EXAMPLE  27 

The  a b o v e   p r o c e d u r e   was  f o l l o w e d ,   u s i n g   the   98% 

p u r e   f l u o r o a l c o h o l   of  Example   11,  in  t he   f o l l o w i n g  

r e c i p e :  

The  p r o d u c t ,   a f t e r   the   u s u a l   w o r k - u p ,   was  22 .7   of  c r e a m -  

c o l o r e d   s o l i d s .  

EXAMPLES  2 8 - 3 0  

The  s a m p l e s   ( E x a m p l e s   28,  29  and  30)  were   p r e p a r e d  

by  m i x i n g   e q u a l   w e i g h t s   of  t he   monomer   of  Mares   e t   a l .  

p r e p a r e d   in  N - m e t h y l p y r r o l i d o n e   as  in  U .S .   P a t e n t  

4 , 3 2 1 , 4 0 3   to  O x e n r i d e r   e t   a l .   and  the   p r o d u c t   of  E x a m -  

p l e s   17,  18  and  20,  r e s p e c t i v e l y .   I t   w i l l   be  a p p r e c i -  

a t e d   t h a t   the   p r o d u c t s   of  E x a m p l e s   2,  3  and  5  h a d  

f l u o r o a l c o h o l / p y r o m e l l i t i c   d i a n h y d r i d e   r a t i o s   of  1 : 0 . 8 3 ,  

1 : 1 . 0   and  1 : 0 . 7 1   and  t h u s   had  r e l a t i v e l y   h i g h   p r o p o r t i o n s  

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

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

d r i d e   r a t i o s   in  the   1 : 0 . 6  -   1 : 0 . 7 5   r a n g e   bu t   a re   l i k e l y  

to  have  more  h i g h e r   o l i g o m e r s   t h a n   m a t e r i a l s   ( e . g .   E x a m -  

p l e   23)  p r e p a r e d   w i t h   i n i t i a l   r a t i o s   a t   t h i s   l e v e l .  



EXAMPLE  31 

P e r f o r m a n c e   E v a l u a t i o n  

S o l u t i o n s   were   p r e p a r e d   f rom  the   p r o d u c t s   of  E x a m -  

p l e s   1 6 - 3 0   and  the   r e f e r e n c e   m o n o m e r i c   m a t e r i a l   of  0 . 2 5  

g  of  e a c h   p r o d u c t   in  100  mL  a c e t o n e .   S w a t c h e s   of  n y l o n  

6,  n y l o n   6 ,6   and  p o l y ( e t h y l e n e   t e r e p h t h a l a t e )   f i b e r s  

were   d i p p e d   in  the   s o l u t i o n s ,   hand  p r e s s e d   b e t w e e n  

a l u m i n u m   f o i l   and  p l a t e ,   a i r   d r i e d   f o r   1  to  3  h o u r s   a n d  

t h e n   a n n e a l e d   f o r   30  m i n u t e s   a t   one  or  more  s e l e c t e d  

t e m p e r a t u r e s   ( 1 0 0 ° C ,   1 2 0 ° C ,   140°C  or  1 5 5 ° C ) .   A 

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

o i l   r e p e l l e n c y   i n i t i a l l y ,   and  a f t e r   a  s e l e c t e d   number   o f  

l a u n d r y   c y c l e s   ( g e n e r a l l y   up  to   10  or  11  or  u n t i l   t h e  

r a t i n g   f e l l   be low  4)  by  the   p r o c e d u r e s   of  AATC  T e s t   N o .  

1 1 8 - 1 9 6 6 .  

The  r e s u l t s   of  Example   31  a r e   s u m m a r i z e d   in  T a b l e s  

VI  and  VII   w h i c h   i l l u s t r a t e   t he   number   of  l a u n d r y   c y c l e s  

o v e r   w h i c h   e a c h   run  ( f o r   a  s p e c i f i c   p r o d u c t   and  a n n e a l -  

ing  t e m p e r a t u r e )   r e t a i n e d   an  o i l   r e p e l l e n c y   v a l u e   of  a t  

l e a s t   4.  Next   to  each   E x a m p l e   number   is  the   f l u o r o -  

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

f i r s t   s t e p   of  the   p r o d u c t   s y n t h e s i s :  



The  r e s u l t s   in  T a b l e   VI  show  i m p r o v e d   r e t e n t i o n ,  

e s p e c i a l l y   on  n y l o n   6  a t   t he   low  (100°C  and  1 2 0 ° C )  

a n n e a l i n g   t e m p e r a t u r e s ,   f o r   the   p r o d u c t s   of  E x a m p l e s   1 9 -  

21  and  2 4 - 3 0 .  

The  r e s u l t s   w i t h   n y l o n   66  c l o t h   a r e   more  l i m i t e d ,  

and  a re   s u m m a r i z e d   in  T a b l e   VII   be low  by  the   number   o f  

l a u n d r y   c y c l e s   o v e r   w h i c h   an  o i l   r e p e l l e n c y   r a t i n g   of  a t  

l e a s t   4  was  o b t a i n e d :  





1.  A  p r o c e s s   f o r   t he   p r o d u c t i o n   of  an  o r g a n i c   m i x -  

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

and  an  o x i r a n e   c o m p o u n d   s e l e c t e d   from  the   g r o u p   c o n s i s t -  

ing  of  e p i c h l o r o h y d r i n ,   e p i b r o m o h y d r i n ,   and  p r o p y l e n e  
o x i d e ,   c h a r a c t e r i z e d   by  the   o r g a n i c   m i x t u r e   c o n t a i n i n g  

more  t h a n   one  mole   of  g r o u p s   d e r i v e d   f rom  p y r o m e l l i t i c  

d i a n h y d r i d e   pe r   two  m o l e s   of  g r o u p s   d e r i v e d   f rom  f l u -  

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

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

o r i n a t e d   a l c o h o l   a t   a  mole   r a t i o   of  two  m o l e s   of  f l u -  

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

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

m o i e t i e s   and  two  c a r b o x y l i c   a c i d   m o i e t i e s ;   a n d  

(b)  r e a c t i n g   s a i d   p y r o m e l l i t a t e   of  s t e p   (a)  w i t h  

an  e x c e s s   of  o x i r a n e   compound   in  the  p r e s e n c e   of  a d d i -  

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

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

o x i r a n e   compound   r e a c t s   w i t h   s a i d   c a r b o x y l i c   a c i d   m o i e -  

t i e s   to  p r o d u c e   an  e s t e r   h a v i n g   a  p r i m a r y   or  s e c o n d a r y  

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

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

m o i e t i e s   and  c a r b o x y l i c   a c i d   m o i e t i e s   c a p a b l e   of  r e a c t -  

ing  w i t h   s a i d   o x i r a n e   compound   to  p r o d u c e   a d d i t i o n a l  

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

p r o c e s s   o f :  

( a ' )   r e a c t i n g   p y r o m e l l i t i c   d i a n h y d r i d e   w i t h   f l u -  

o r i n a t e d   a l c o h o l   a t   a  mole   r a t i o   of  f l u o r i n a t e d   a l c o h o l  

to   p y r o m e l l i t i c   d i a n h y d r i d e   b e t w e e n   1 : 0 . 5 5   and  1 : 1 . 0   t o  

form  a  p a r t i a l l y   e s t e r i f i e d   p y r o m e l l i t a t e   h a v i n g   f l u -  

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

g r o u p s ;   a n d  

( b ' )   r e a c t i n g   the   p a r t i a l l y   e s t e r i f i e d   p r o d u c t  

w i t h   o x i r a n e   compound   in  an  amount   s u f f i c i e n t   to  c a u s e  

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

g r o u p s   to  be  e s t e r i f i e d .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   f l u o r i n a t e d  



a l c o h o l   is  of  t he   f o r m u l a :   C F 3 ( C F 2 ) p R ' U H   w h e r e i n   R'  i s  

a l k y l e n e   of  2  to  6  c a r b o n s   and  p  is  an  i n t e g e r   of  3  t o  

1 5 .  

3.  The  p r o c e s s   of  c l a i m   2  w h e r e i n   s a i d   f l u o r i n a t e d  

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

CF3CF2(CF2CF2)nCH2CH2OH  w i t h   n  b e i n g   f rom  1  to  6 .  

4.  The  p r o c e s s   of  any  p r e v i o u s   c l a i m   c o n d u c t e d   i n  

an  a l i p h a t i c   e s t e r   s o l v e n t   h a v i n g   a  b o i l i n g   p o i n t   l e s s  

t h a n   1 5 0 ° C .  

5.  The  p r o c e s s   of  any  of  c l a i m s   1  to  3  c o n d u c t e d  

in  a  s o l v e n t   c o n s i s t i n g   e s s e n t i a l l y   of  N -  

m e t h y l p y r r o l i d o n e .  

6.  A  p r o c e s s   a c c o r d i n g   to  any  p r e v i o u s   c l a i m  

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

a  r e a c t i o n   medium  in  s a i d   s t e p   (b)  when  50%  to  100%  o f  

the   c a r b o x y l i c   a c i d   m o i e t i e s   have   been   e s t e r i f i e d .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   6  w h e r e i n   s a i d  

e x c e s s   p y r o m e l l i t i c   d i a n h y d r i d e   is  added   to  a  r e a c t i o n  

medium  in  s a i d   s t e p   (b)  when  85%  to  95%  of  t he   c a r b o x y -  

l i c   a c i d   m o i e t i e s   have   been   e s t e r i f i e d .  

8.  The  p r o c e s s   of  any  of  c l a i m s   1  to  5  w h e r e i n  

s a i d   mole   r a t i o   of  s a i d   s t e p   ( a ' )   is  b e t w e e n   1 : 0 . 6   a n d  

1 : 0 . 8 5 .  

9.  The  p r o c e s s   of  c l a i m   8  w h e r e i n   s a i d   mole  r a t i o  

of  s a i d   s t e p   ( a ' )   is  b e t w e e n   1 : 0 . 6 5   and  1 : 0 . 7 5 .  

10.  The  p r o c e s s   of  any  p r e v i o u s   c l a i m   w h e r e i n   s a i d  

o x i r a n e   compound   i s   e p i c h l o r o h y d r i n .  
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