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©  Non-activating  polyelectrorytei  for  separation  of  Mood  eoagiriatlon  factors. 

The  invention  relates  to  polyelectrolytes  and  their  use  in 
the  separation  of  blood  proteins. 

Blood  coagulation  factors  such  as  Factor  VIII  are  sepa- 
rated  from  admixture  with  other  blood  proteins  without  pro- 
ducing  activation  of  said  coagulation  factor  by  contacting 
with  a  water-insoluble,  cross-linked  polyelectrolyte 
copolymer  of  (a)  C2-18 unsaturated  monomer  and  (b)  C4-12 
unsaturated  polycarboxylic  acid  or  anhydride,  in  which 
2-100%  of  the  carboxyl  sites  are  substituted  with  amine- 
imides  and  substantially  all  the  free  anhydrides  are  blocked 
with  alkoxyalkylamine  to  form  alkoxyalkylimide  units. 



T h i s   i n v e n t i o n   r e l a t e s   to   b l o o d   f r a c t i o n a t i o n   a n d  

more   p a r t i c u l a r l y   to  t h e   f r a c t i o n a t i o n   of  b l o o d   c o a g u l -  

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

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

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

n u m e r o u s   s u b s t a n c e s   f o u n d   in  n o r m a l   w h o l e   b l o o d .   I t   i s  

known  t h a t   c e r t a i n   f a c t o r s   a s s o c i a t e d   w i t h   t h e   b l o o d  

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

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

f rom  c l a s s i c a l   h e m o p h i l i a ,   a n t i h e m o p h i l i c   f a c t o r   A  ( A H F ,  

F a c t o r   V I I I )   i s   d e f i c i e n t .   In  t h o s e  p a t i e n t s   s u f f e r i n g  

f rom  h e m o p h i l i a   B,  p l a s m a   t h r o m b o p l a s t i n   c o m p o n e n t   ( P T C ,  

F a c t o r   IX)  i s   m i s s i n g   f rom  t h e   b l o o d .   A  s m a l l   p e r c e n t a g e  

o f  h e m o p h i l i a c s   a l s o   a r e   l a c k i n g   in   t h e   s o - c a l l e d   V o n  

W i l l e b r a n d ' s   F a c t o r   w h i c h   i s   r e l a t e d   t o   F a c t o r   V I I I .  

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

a t i o n   m e c h a n i s m ,   t h e   a b s e n c e   of  w h i c h   c an   a l s o   l e a d   t o  

b l e e d i n g   d i s o r d e r s ,   a r e ,   f o r   e x a m p l e ,   F a c t o r s   I I ,   VI I   a n d  

X.  The  l a t t e r   t h r e e   f a c t o r s   t o g e t h e r   w i t h   F a c t o r s   IX  a r e  

f r e q u e n t l y   r e f e r r e d   to   as  t h e   p r o t h r o m b i n   c o m p l e x   f a c t o r s .  

In  t h e   d e v e l o p m e n t   of  m o d e r n   b l o o d   b a n k i n g   p r o g r a m s  

i n v o l v i n g   t h e   c o l l e c t i o n   and  s t o r a g e   of  l a r g e   q u a n t i t i e s '  

of  b l o o d   c o m p o n e n t s ,   t h e   e s t a b l i s h m e n t   of  a d e q u a t e  



p r e s e r v a t i o n   s y s t e m s   i s   c r i t i c a l .   S i n c e   W o r l d   War  I I   i t  

h a s   b e e n   common  p r a c t i c e   to   c o l l e c t   b l o o d   in   a  s o l u t i o n  

of  c i t r i c   a c i d ,   s o d i u m   c i t r a t e   and  d e x t r o s e ,   known  as   ACD 

b l o o d .   The  p r o b l e m   of  p r e s e r v i n g   b l o o d   i s   much  s i m p l i f i e d ,  

h o w e v e r ,   when  i t   i s   r e d u c e d   to   p r e s e r v a t i o n   of  v a r i o u s  

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

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

w h o l e   b l o o d . -  



M o r e o v e r ,   i t   i s   w a s t e f u l   and   e v e n   d e t r i m e n t a l  

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

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

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

f a c t o r s   r e q u i r e d   or  a t   l e a s t   a  p u r i f i e d   c o n c e n t r a t e   o f  

t h o s e   f a c t o r s .  

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

p a r t i c u l a r l y   F a c t o r   V I I I   and   t h o s e   f a c t o r s   a s s o c i a t e d   w i t h  

t h e   p r o t h r o m b i n   c o m p l e x ,   i s   w e l l - k n o w n ,   as  c a n   be  s e e n  

f r o m   U . S .   P a t e n t   3 , 6 8 2 , 8 8 1   and  n u m e r o u s   o t h e r   p a t e n t s   a n d  

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

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

p o l y e t h y l e n e   g l y c o l ,   r i v a n o l   ( 6 , 9 - d i a m i n o   2 - e t h o x y -  

a c r i d i n e   l a c t a t e ) , g l y c i n e ,   D E A E - c e l l u l o s e   and  DEAE-  

S e p h a d e x .  

A n o t h e r   g r o u p   of  s u b s t a n c e s  w h i c h   h a v e   b e e n  

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

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

c o p o l y m e r s   d e s c r i b e d   in   U . S .   P a t e n t   3 , 5 5 4 , 9 8 5 .   T h e s e  

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

( a )   u n s a t u r a t e d   m o n o m e r   of  2  to   12  c a r b o n   a t o m s   a n d  

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

(1 )   a  m i x t u r e   of  an  u n s a t u r a t e d   p o l y c a r b o x y l i c   a c i d   o r  

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

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

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

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

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

1  to   5  c a r b o n   a t o m s .   E a c h   of  t h e   p o l y m e r i c   u n i t s  

c o n t a i n s   r e a c t i v e   s i t e s   i n   t h e   f o r m   of  an  a n h y d r i d e  

g r o u p   o r   two  c a r b o x y l   g r o u p s   or  d e r i v a t i v e s   of  t h e s e  

g r o u p s .   At  l e a s t   3  p e r c e n t   of  t h e s e   r e a c t i v e   s i t e s   a r e  

c o n v e r t e d   to   t h e   d i l o w e r a l k y l a m i n o l o w e r a l k y l i m i d e .  



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

k n o w n   to   be  u s e f u l   f o r   p r e p a r a t i o n   of  v a r i o u s   b l o o d  

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

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

P a t e n t   3 , 5 5 5 , 0 0 1 .   In   t h e   f r a c t i o n a t i o n   of   t h e s e   c o m p o n -  

e n t s ,   t h e   a d s o r p t i o n   of   a  c h a r g e d   p r o t e i n   s p e c i e s   t o  

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

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

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

i s c e l e c t r i c   pH  ( I E p H )   of  t h e   p r o t e i n   s p e c i e s   and   t h e  

pH  of   t h e   m e d i u m .  

In  t h e   f r a c t i o n a t i o n   of  c o a g u l a t i o n   f a c t o r s ,  

s u c h   as   F a c t o r   V I I I ,   w i t h   c e r t a i n   of  t h e   p o l y e l e c t r o l y t e s  

d e s c r i b e d   in   U . S .   P a t e n t s   3 , 5 5 5 , 0 0 1   and   3 , 5 5 4 , 9 8 5 ,   i t  

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

in   s t a n d a r d   c l o t t i n g   t i m e   t e s t s   c a u s e s   a  m a r k e d   r e d u c t i o n  

in   c l o t t i n g   t i m e .   T h i s   p r e - a c t i v a t i o n  o f   t h e   s e p a r a t e d  

F a c t o r   V I I I   c o m p o n e n t   r e p r e s e n t s   a  s e r i o u s   d e f i c i e n c y  

in   t h e   c l i n i c a l   u s e f u l n e s s   of  t h i s   m a t e r i a l .   S u c h   p r e -  
a c t i v a t i o n   h a s   a l s o   b e e n   o b s e r v e d   by  r e a c t i o n   i n   d o g s  

when   t h e   s e p a r a t e d   F a c t o r   V I I I   was  i n j e c t e d   i n t r a v e n o u s l y  

i n   t h e   d o g s .   T h e s e   r e a c t i o n s   c o n s i s t e d   o f :  

(1)   a  b e h a v i o r   c h a n g e   w h e r e b y  

t h e   dog  r o t a t e s   i n   i t s   c a g e  

f o r   24  h o u r s ,  

(2 )   a  h e m o l y s i s  r e a c t i o n   e v i d e n c e d  

by  h e m o g l o b i n u r i a ,   a n d  

(3)   a  m a r k e d   l o w e r i n g   of   b l o o d  

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

i n   b l o o d   p r e s s u r e .  

T h i s   p r e - a c t i v a t i o n   h a s   b e e n   f o u n d   to   be  r e l a t e d  

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

p o l y e l e c t r o l y t e   i n   w h i c h   t h e r e   may  be  f r e e  h y d r o x y l   g r o u p s  

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

e l e c t r o l y t e   c o p o l y m e r   may  i n c l u d e   the   f o l l o w i n g   p o l y m e r i c  

s t r u c t u r a l   u n i t s :  



c r o s s l i n k i n g  
g r o u p  

R=  a l k y l   h a v i n g   f r o m   1  to   5  c a r b o n   a t o m s  

Z=  b i v i l e n t   h y d r o c a r b o n   r a d i c a l   h a v i n g  
f r o m   2  to   18  c a r b o n   a t o m s  

U . S .   P a t e n t   3 , 5 5 5 , 0 0 1   d i s c l o s e s   t h a t   t h e   p o l y e l e c t r o l y t e  

may  p o s s e s s   f r o m   2-100%  a m i n e - i m i d e   l i n k a g e s ,   w i t h   t h e  

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

( c o l .   5,  l i n e s   2 9 - 3 1 ) .   I t   i s   f u r t h e r   s t a t e d   t h a t   t h e  

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

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

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

a m i n e s ,   a m i n o a l c o h o l s   and  a l c o h o l s   ( c o l .   5,  l i n e s   5 4 - 6 0 ) .  

In   t h e   i l l u s t r a t i v e   f o r m u l a ,   a b o v e ,   t h e   f u n c t i o n a l   a m i n e -  

i m i d e   l i n k a g e s   a r e   shown  a t   I ,   t h e   c r o s s - l i n k i n g   i m i n o -  

i m i d e   l i n k a g e s   a r e   shown  a t   I I I ,   and  t h e   r e m a i n i n g   c a r b o x y l  

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

to   n e u t r a l   g r o u p s   by  b l o c k i n g   or  r e a c t i o n   w i t h   an  a m i n o -  

a l c o h o l   a t   I I   t h e r e b y   g i v i n g   r i s e  t o   h y d r o x y a l k y l i m i d e  

u n i t s .  



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

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

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

on  t h e   p o l y m e r   b a c k b o n e   i n   t h e   f o r m   of  h y d r o x y a l k y l -  

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

t r i b u t e   to   t h e  a f o r e s a i d   p r e - a c t i v a t i o n   o f   F a c t o r   V I I I  

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

t r o l y t e .  

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

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

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

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

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

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

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

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

i n t o   t h e   f r a c t i o n a t e d   b l o o d   c o m p o n e n t .  

A l t h o u g h   t h e   i n v e n t o r s   a r e   n o t   b o u n d   by  t h e o r y ,  

i t   i s   b e l i e v e d   t h a t   t h e   a b o v e   a c t i v a t i o n   of   F a c t o r   V I I I  

may  be  d u e ,   in   p a r t ,   to   t h e   p r e s e n c e   of   p l a s m a   z y m o g e n s  

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

a t e d   F a c t o r   V I I I   f r a c t i o n .   T h e s e   z y m o g e n s   a r e   known   t o  

be  a c t i v a t e d   by  n e g a t i v e l y   c h a r g e d   s u r f a c e s   or  h y d r o x y l a t e d  

s u r f a c e s   c a p a b l e   o f  h y d r o g e n   b o n d i n g ' s u c h   as   c o l l a g e n .  

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

c a p a b l e   of   i n t r a -   and   i n t e r c h a i r   h y d r o g e n   b o n d i n g   w i t h  

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

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

t h e   p r e s e n t   i n v e n t o r s   h a v e   s y n t h e s i z e d   new  p o l y e l e c t r o l y t e s  

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

h y d r o x y l   g r o u p   i s   b l o c k e d   ( t h e r e b y   m i n i m i z i n g   h y d r o g e n  

b o n d i n g   c a p a b i l i t y ) .  

A c c o r d i n g l y ,   t h e   p o l y e l e c t r o l y t e   of   t h e   p r e s e n t  

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

c o p o l y m e r   c h a r a c t e r i z e d   by  (a)   an  u n s a t u r a t e d   m o n o m e r   h a v i n g  

f rom  2  to   a b o u t   18  c a r b o n   a t o m s   and  (b)  a  m o n o m e r   s e l e c t e d  



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

a c i d   or   a n h y d r i d e   h a v i n g   f rom  4  to   a b o u t   12  c a r b o n   a t o m s ,  

s a i d   c o p o l y m e r   h a v i n g   f rom  2 - 1 0 0 %   of  i t s   c a r b o x y l   g r o u p s  
s u b s t i t u t e d   w i t h   a m i n e - i m i d e s   s e l e c t e d   f r o m   t h e   g r o u p  

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

l o w e r a l k y l i m i n o d i ( l o w e r a l k y l i m i d e ) ,   and  s a i d   c o p o l y m e r  
f u r t h e r   h a v i n g   s u b s t a n t i a l l y   a l l   of  i t s   f r e e   a n h y d r i d e s  

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

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

o t h e r   b l o o d   p r o t e i n s   in   a  f l u i d   med ium  w i t h o u t   t h e r e b y  

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

f a c t o r .  

The  m e t h o d   of  t h e   i n v e n t i o n   i s   one  f o r   s e p a r a t i n g  

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

o t h e r   b l o o d   p r o t e i n s   in   a  f l u i d   med ium  c h a r a c t e r i z e d   b y  

c o n t a c t i n g   s a i d   med ium  w i t h   a  w a t e r - i n s o l u b l e ,   c r o s s -  

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

m o n o m e r   h a v i n g   f rom  2  to   a b o u t   18  c a r b o n   a t o m s   and  (b)  a  

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

p o l y c a r b o x y l i c   a c i d   or  a n h y d r i d e   h a v i n g   f rom  4  t o   a b o u t  

12  c a r b o n   a t o m s ,   in   w h i c h   2 - 1 0 0 %   of  t h e   c a r b o x y l   s i t e s  

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

t h e   f r e e   a n h y d r i d e s   a r e   b l o c k e d ,   to   t h e r e b y   s e l e c t i v e l y  

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

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

any   s u b s t a n t i a l   p r e - a c t i v a t i o n   of  s a i d   c o a g u l a t i o n   f a c t o r .  

T h u s ,   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,  

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

b e f o r e   a r e   m o d i f i e d   in   s t r u c t u r e   w h e r e b y   t h e y   c an   be  u s e d  

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

F a c t o r   V I I I ,   w h i c h   a r e   no t   p r e - a c t i v a t e d .   B r i e f l y   s t a t e d ,  

t h i s   m o d i f i c a t i o n   c o n s i s t s   in   b l o c k i n g   t h e   a b o v e - d e s c r i b e d  

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

T h i s   b l o c k i n g   c an   be  c a r r i e d   ou t   by  a l k y l a t i o n ,   a c y l a t i o n ,  

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

h y d r o x y l   g r o u p s   in   g e n e r a l .   An  a l t e r n a t i v e   and  p r e f e r r e d  



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

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

a l k o x y a l k y l i m i d e   u n i t s   u s i n g   an  a l k o x y a l k y l a m i n e   s u c h   a s ,  

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

c a n   be  c a r r i e d   o u t   in   any   s e q u e n c e   of   t h e   p o l y e l e c t r o l y t e  

s y n t h e s i s .  

In  g e n e r a l ,   t h e   p o l y e l e c t r o l y t e s   w h i c h   c an   b e  

m o d i f i e d   by  b l o c k i n g   of  t h e   a n h y d r i d e   g r o u p s   on  t h e  

p o l y m e r   b a c k b o n e   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   i n -  

c l u d e   t h o s e   d i s c l o s e d   in   t h e   a f o r e m e n t i o n e d   U . S .   P a t e n t s  

3 , 5 5 4 , 9 8 5   and  3 , 5 5 5 , 0 0 1 .  



For  p u r p o s e s   of  c o n v e n i e n c e ,   t h e   p o l y m e r s   d e s c r i b e d  

in   s a i d   p a t e n t s   w i l l   be  r e f e r r e d   to   as  E M A - t y p e   p o l y m e r s  

( e t h y l e n e / m a l e i c   a n h y d r i d e   or  a c i d ) .   T h e s e   p o l y m e r s  

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

s e c t i o n s   I  and  I I :  

I  

The  p o l y c a r b o x y l i c  a c i d   p o l y m e r s   c an   be  of  t h e  

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

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

a c i d ,   c r o t o n i c   a c i d   or  t h e i r   r e s p e c t i v e   d e r i v a t i v e s ,  

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

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

@ - d i m e t h y l   m a l e i c ,   d - b u t y l   m a l e i c ,  @ - p h e n y l   m a l e i c ,  

f u m a r i c ,   a c o n i t i c ,  @ - c h l o r o m a l e i c ,  @ - b r o m o m a l e i c ,   a n d  

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

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

a d v a n t a g e o u s l y   e m p l o y e d .  

C o - m o n o m e r s   s u i t a b l e   f o r   u s e   w i t h   t h e   a b o v e  

p o l y c a r b o x y l i c   a c i d   m o n o m e r s   i n c l u d e  @ - o l e f i n s ,   s u c h   a s  

e t h y l e n e ,   2 - m e t h y l p e n t e n e - l ,   p r o p y l e n e ,   i s o b u t y l e n e ,  

1-  or   2 - b u t e n e ,   1 - h e x e n e ,   1 - o c t e n e ,   I - d e c e n e ,   1 - d o d e c e n e ,  

1 - o c t a d e c e n e ,   and  o t h e r   v i n y l   m o n o m e r s ,   s u c h   as  s t y r e n e ,  
@ - m e t h y l   s t y r e n e ,   v i n y l t o l u e n e ,   v i n y l   a c e t a t e ,   v i n y l  

c h l o r i d e ,   v i n y l   f o r m a t e ,   v i n y l   a l k y l   e t h e r s ,   e . g .   m e t h y l -  

v i n y l - e t h e r ,   a l k y l   a c r y l a t e s ,   a l k y l   m e t h a c r y l a t e s ,  

a c r y l a m i d e s   and  a l k y l a c r y l a m i d e s ,   or   m i x t u r e s   of   t h e s e  

m o n o m e r s .   R e a c t i v i t y   of  some  f u n c t i o n a l   g r o u p s   in   t h e  

c o p o l y m e r s   r e s u l t i n g   f r o m   some  of  t h e s e   m o n o m e r s   p e r m i t s  

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

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

l a c t a m   g r o u p s .  



Any  of  t h e   s a i d   c a r b o x y l i c   a c i d s   or  d e r i v a t i v e s  

may  be  c o p o l y m e r i z e d   w i t h   any   of  t h e   o t h e r   m o n o m e r s  

d e s c r i b e d   a b o v e ,   and  any  o t h e r   m o n o m e r   w h i c h   f o r m s   a  

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

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

by  d i r e c t   p o l y m e r i z a t i o n   of  t h e   v a r i o u s   m o n o m e r s ,   f r e -  

q u e n t l y   t h e y   a r e   more   e a s i l y   p r e p a r e d   by  an  a f t e r - r e -  

a c t i o n   m o d i f i c a t i o n   of  an  e x i s t i n g   c o p o l y m e r .   C o p o l y -  

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

m e r i c   c o n s t i t u e n t s .   The  names   so  a p p l i e d   r e f e r   to   t h e  

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

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

R e p r e s e n t a t i v e   E M A - t y p e   c a r b o x y l i c   a c i d   or  a n h y -  

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

o l e f i n   p o l y m e r s   of  t h e   f o r e g o i n g   t y p e   a r e   k n o w n ,   f o r  

e x a m p l e ,   f r o m   U . S .   P a t s .   2 , 3 7 8 , 6 2 9 ;   2 , 3 9 6 , 7 8 5 ;   3 , 1 5 7 , 5 9 5 ;  

and  3 , 3 4 0 , 6 8 0 .   G e n e r a l l y ,   t h e   c o p o l y m e r s   a r e   p r e p a r e d  

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

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

s e n c e   of  a  p e r o x i d e   c a t a l y s t   in   an  a l i p h a t i c   or   a r o m a t i c  

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

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

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

l i k e .   W h i l e   b e n z o y l   p e r o x i d e   i s   u s u a l l y   t h e   p r e f e r r e d  

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

p e r o x i d e ,   d i t e r t i a r y   b u t y l   p e r o x i d e ,   l a u r o y l   p e r o x i d e   a n d  

t h e   l i k e ,   or   any  of   t h e   n u m e r o u s   a z o   c a t a l y s t s ,   a r e  

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

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

q u a n t i t i e s   of   t h e   o l e f i n   r e s i d u e   and  t h e   a n h y d r i d e   r e s i d u e .  

G e n e r a l l y ,   i t   w i l l   h a v e   a  d e g r e e   of  p o l y m e r i z a t i o n ε o f  

a b o u t   8  to   1 0 0 , 0 0 0 ,   p r e f e r a b l y   a b o u t   100  t o   5 , 0 0 0   and  a  

m o l e c u l a r   w e i g h t   of   a b o u t   1 , 0 0 0   to   1 , 0 0 0 , 0 0 0   p r e f e r a b l y  

a b o u t   1 0 , 0 0 0   to   5 0 0 , 0 0 0 .  



The  p r o p e r t i e s   of  t h e   p o l y m e r ,   s u c h   as  m o l e c u l a r  

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

of  t h e   c a t a l y s t   and  c o n t r o l   of   one  or   more   of  t h e   v a r i -  

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

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

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

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

N u m e r o u s   of  t h e s e   p o l y m e r s   a r e   c o m m e r c i a l l y   a v a i l a b l e .  

F o l l o w i n g   t h e   f o r m a t i o n   of  t h e   i n i t i a l   E M A - t y p e  

p o l y m e r ,   t h e   p o l y m e r   i s   p r e f e r a b l y   a g g r e g a t e d   b y  

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

f r o m   a b o u t   155°C  to   1 6 0 ° C  b u t   l o w e r   t h a n   t h e   s o f t e n i n g  

p o i n t   of  t h e   p o l y m e r   f o r   a t   l e a s t   a b o u t   15  m i n u t e s .  

T h i s   a g g r e g a t i o n   i m p r o v e s   t h e   f i l t e r a b i l i t y ,   d r y i n g  

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

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

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

p o l y e l e c t r o l y t e .   H o w e v e r ,   s a i d   a g g r e g a t i o n   i s   n o t   e s s e n t i a l  

to   t h e   p r e s e n t   i n v e n t i o n .  

The  a f o r e s a i d   i n i t i a l l y   p r e p a r e d   p o l y m e r ,  

e i t h e r   a g g r e g a t e d   or  u n a g g r e g a t e d ;   i s   c r o s s - l i n k e d   a n d  

s u b s t i t u t e d   w i t h   t h e   a m i n e - i m i d e   g r o u p s   in   w h a t e v e r  

s e q u e n c e   o p t i m i z e s   t h e   p r o p e r t i e s   b e i n g   s o u g h t   b y  

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

p a r t i c l e s .   T h e s e   g r o u p s   a r e   e s s e n t i a l l y   b a s i c   g r o u p s  
w h i c h   c an   be  a l i p h a t i c   s t r a i g h t   c h a i n   g r o u p s   or  c an   b e  

a l i c y c l i c   or  a r o m a t i c   g r o u p s .   The  a l i p h a t i c   s t r a i g h t  

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

i m i d e   g r o u p s   or  l o w e r a l k y l i m i n o d i  ( l o w e r a l k y l i m i d e ) , ε l i n k -  

a g e s   as   d e s c r i b e d   p r e v i o u s l y   i n   U . S .   P a t e n t s   3 , 5 5 4 , 9 8 5  

and  3 , 5 5 , 0 0 1 .   Such   p r o d u c t s   a r e   f u r t h e r   i l l u s t r a t e d   b y  

t h e   g e n e r a l   e x a m p l e s   in   t h e   f o l l o w i n g   s e c t i o n   I I :  



I I  

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

a n o t h e r   m o n o m e r   can   be  c o n v e r t e d   to   c a r b o x y l - c o n t a i n i n g  

c o p o l y m e r s   by  r e a c t i o n   w i t h   w a t e r ,   and   to   a m m o n i u m ,  

a l k a l i   and   a l k a l i n e   e a r t h   m e t a l   and  a l k y l a m i n e   s a l t s  

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

e a r t h   m e t a l   c o m p o u n d s ,   a m i n e s   or  a m m o n i a .   O t h e r   s u i t a b l e  

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

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

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

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

a l k y l   or  p h e n y l a l k y l   a l c o h o l ,   as   w e l l   as   a m i n o   e s t e r s ,  

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

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

p h e n y l a l k y l ,   p h e n y l a l k y l p h e n y l ,   o r   a l k y l p h e n y l a l k y l   o r  

o t h e r   a r y l   g r o u p s .   M o i e t i e s   b e a r i n g   a m i n e   or   a m i n e   s a l t s  

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

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

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

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

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

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

t h e i r   s i m p l e   or  q u a t e r n a r y   s a l t s .  

P a r t i a l   i m i d e s   of  a  s t a r t i n g   c a r b o x y l   or  c a r b o x y l i c  

a c i d   a n h y d r i d e   c o n t a i n i n g   p o l y m e r ,   e . g .   EMA,  a r e   p r o -  

d u c e d   b y :  

(A)  H e a t i n g   a  l i m i t i n g   a m o u n t   of  a  s e c o n d a r y   o r  

t e r t i a r y   a m i n o l o w e r a l k y l a m i n e   w i t h   t h e   a n h y d r i d e   o r  

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

v e n t   ( e . g .   x y l e n e )   a t   a  t e m p e r a t u r e   of   a b o u t   1 4 0 - 1 5 0 ° C .  

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

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



p r o p o r t i o n   to   t h e   a m o u n t   of  a m i n e   a d d e d   and   in   t h e   r e -  

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

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

a r e   f o r m e d   w h i c h  t y p i c a l l y   p o s s e s s   2-100%  i m i d e   l i n k a g e s ,  

t h e   r e m a i n i n g   c a r b o x y l   g r o u p s ,   when  p r e s e n t ,   b e i n g   i n   t h e  

a n h y d r i d e   f o r m .  

(B)  A l t e r n a t i v e l y ,   a  p a r t i a l   a m i d e   p o l y m e r  

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

p r o d u c t   by  h e a t i n g   a  p a r t i a l   a m i d e - p o l y m e r   p r o d u c t   in   v a c u o  

a t   1 4 0 - 1 5 0 ° C   u n t i l   w a t e r   is   no  l o n g e r   g i v e n   o f f .   S u c h   a n  

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

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

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

P a r t i a l   s e c o n d a r y   o r   t e r t i a r y  a m i n o l o w e r a l k y l -  

a m i d e s   of  t h e   s t a r t i n g   c a r b o x y l   or  c a r b o x y l i c   a c i d   a n h y d r i d e -  

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

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

i n   s u s p e n s i o n   in   a  s o l v e n t   s u c h   as  b e n z e n e   or  h e x a n e ,  

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

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

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

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

w i t h   t h e   q u a n t i t y   of  p o l y m e r   e m p l o y e d .   Such   a m i d e - p o l y m e r  

p r o d u c t s   t y p i c a l l y   c o m p r i s e   2 -100%  a m i d e   g r o u p s ,   w i t h  

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

a n h y d r i d e   g r o u p s .  

S u i t a b l e   b l o c k i n g   a n d  u n b l o c k i n g   of   t h e   a m i n e  

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

i m i d e s   may  b e  e f f e c t e d   when  r e q u i r e d .   R e s i d u a l ,   n o n -  

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

c o n v e r t e d   to   n e u t r a l   g r c u p s   or  u n i t s   by  r e a c t i o n   w i t h  



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

a m i n o a l c o h o l s   and  a l c o h o l s .  

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

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

m o n o m e r s   w h i c h   i m p a r t   a  b a s i c   or   c a t i o n i c   c h a r a c t e r   s u c h  

as  C - v i n y l   p y r i d i n e s ,   v i n y l   a m i n e ,   t h e   s e v e r a l   a m i n o -  

s u b s t i t u t e d   v i n y l   b e n z e n e s   ( o r   t o l u e n e s   a n d   t h e   l i k e ) ,  

a m i n e - b e a r i n g   a c r y l a t e s   ( o r   m e t h a c r y l a t e s   and   t h e   l i k e ) ,  

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

T h u s ,   i n   any   e v e n t ,   t h e   p o l y m e r   p r o d u c t   w i l l  

h a v e   r e s i d u a l   a c t i v e   or   r e a c t i v e   g r o u p s   w h i c h   c a n   be  o f  

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

a c t i v e   or   r e a c t i v e   g r o u p s  o r   r e s i d u a l   " r e a c t i v e   s i t e s "   i n  

t h e   p o l y m e r   w i l l   i n   one   way  or   a n o t h e r   c o m p r i s e   a  c e r t a i n  

p e r c e n t a g e   w h i c h   a r e   of   a  b a s i c   n a t u r e ,   so  as  t o   i m p a r t   t h e  

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

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

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

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

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

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

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

As  w i l l   be  a p p a r e n t   f r o m   t h e  f o r e g o i n g ,   t h e  

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

t i c   p o l y e l e c t r o l y t e   (PE)  e m p l o y e d   a r e   o f   an   i m i d e   n a t u r e  

i n v o l v i n g   d i l o w e r a l k  y l a m i n o w e r a l k y l i m i d e   g r o u p i n g s ,   e . g . ,  a s  

p r o d u c e d   by  r e a c t i n g   a  d i l o w e r a l k y l a m i n o l o w e r a l k y l a m i n e  

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

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

. a n h y d r i d e   or   a c i d   h a v i n g   s u c h   p r e - f o r m e d   i m i d e   g r o u p s   i n  

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

r e a c t a n t .   A c c o r d i n g   t o   t h e   i n v e n t i o n ,   s u c h   g r o u p s   a r e  

p r e f e r r e d   f o r   p u r p o s e s   of   t h e   i n v e n t i o n .  



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

or  a r e   n o t   p r e s e n t ,   i m i d e   g r o u p s   c a n   be  p r o v i d e d   by  c r o s s -  

l i n k i n g   t h e   p o l y m e r   w i t h   a  l o w e r a l k y l i m i n o b i s  ( l o w e r a l k y l -  

a m i n e )   w h i c h   in   t h e   p r o c e s s   of  c r o s s l i n k i n g   by  r e a c t i o n  

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

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

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

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

O t h e r   g r o u p s ,   s u c h   as  d i l o w e r a l k y m i n o l o w e r a l k y l a m i d e .  

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

by  h e a t i n g   a t   e l e v a t e d   t e m p e r a t u r e s ,   c a n   a l s o   be  p r e s e n t .  

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

p r e s e n t ,   as  w e l l   as  o t h e r   g r o u p s ,   so  l o n g   as  t h e   p r e s c r i b e d  

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

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

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

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

As  w i l l   be  r e c o g n i z e d ,   b o t h   t h e   a c i d   g r o u p s   and  t h e   i m i d e  

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

as  s u c h ,   b u t   c a n   be  p r e s e n t   in   t h e   f o r m   of  t h e i r   s i m p l e  

d e r i v a t i v e s ,   e . g .   s a l t s ,   as  a l r e a d y   i n d i c a t e d .  

The  a l i c y c l i c   or  a r o m a t i c   g r o u p s   w h i c h   can   b e  

s u b s t i t u t e d   on  t h e   E M A - t y p e   p o l y m e r s   ( p r e f e r a b l y   a g g r e g a t e d )  
a r e   f o r  

e x a m p l e ,   a m i n o l o w e r a l k y l - p y r i d i n e ,   p i p e r i d i n e ,   p i p e r a z i n e ,  

p i c o l i n e ,   p y r r o l i d i n e ,   m o r p h o l i n e   and  i m i d a z o l e .   T h e s e  

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

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

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



2 - a m i n o p y r i d i n e  

2 - a m i n o - 4 - m e t h y l p y r i d i n e  

2 - a m i n o - 6 - m e t h y l p y r i d i n e  

2 - ( 2 - a m i n o e t h y l ) - p y r i d i n e  

4 - ( a m i n o e t h y l ) - p i p e r i d i n e  

3  - a m i n o - N - e t h y l p i p e r i d i n e  

N - ( 2 - a m i n o e t h y l ) - p i p e r i d i n e  

N - ( 2 - a m i n o e t h y l ) - p i p e r a z i n e  

3 - p i c o l y l a m i n e  

4 - p i c o l y l a m i n e  

2 - ( a m i n o m e t h y l ) - 1 - e t h y l p y r r o l i d i n e  

N - ( 3 - a m i n o p r o p y l ) - 2 - p y r r o l i d i n e  

N - ( 2 - a m i n o e t h y l ) - m o r p h o l i n e  

N - ( 3 - a m i n o p r o p y l ) - m o r p h o l i n e  

4 - i m i d a z o l e  

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

i n   a n y  d e s i r e d   s e q u e n c e   d u r i n g   t h e   p r o d u c t i o n   of  t h e  

a f o r e s a i d   p o l y e l e c t r o l y t e s .   H o w e v e r ,   t h e y   a r e   p r e f e r a b l y  

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

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

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

e x c e s s   of  t h e   b l o c k i n g   a g e n t .  

P r e f e r r e d   a n h y d r i d e   b l o c k i n g   a g e n t s   a r e   a l k o x y -  

a l k y l a m i n e s   h a v i n g   f r o m   a b o u t   2  to   a b o u t   4  c a r b o n   a t o m s  

i n   t h e   a l k y l   g r o u p   and  f r o m   a b o u t  1   to   4  c a r b o n   a t o m s  

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

m e t h o x y p r o p y l a m i n e   and   m e t h o x y e t h y l a m i n e .   By  way  o f  

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

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

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

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



O t h e r   i l l u s t r a t i v e   a g e n t s   f o r   b l o c k i n g   t h e  

h y d r o x y l   g r o u p   of  h y d r o x y a l k y l i m i d e   u n i t s   c a n   be  u s 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   s u c h   as   a l k y l a t i n g  

( e . g .   d i a z o m e t h a n e ) ,   a c y l a t i n g   ( e . g .   a c e t y l c h l o r i d e ) ,   a n d  

e s t e r i f y i n g   a g e n t s   ( e . g .  a c e t i c   a c i d ) .  

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

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

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

t h a t   t h e   i n v e n t i o n   i s   n o t   l i m i t e d   to   t h e s e   s p e c i f i c   e x a m p l e s .  

The  r e s u l t s   o b t a i n e d   in   s e v e r a l   e x a m p l e s   a r e   s e t   f o r t h  

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

e x a m p l e s .   In   t h e s e   e x a m p l e s ,   a b b r e v i a t i o n s   of   s e v e r a l  

m a t e r i a l s   a r e   d e f i n e d   as  f o l l o w s :  

EXAMPLE  1 

A  5 - l i t e r   r e a c t i o n   f l a s k ,   e q u i p p e d   w i t h   r e f l u x  

c o n d e n s e r ,   D e a n - S t a r k   w a t e r   t a k e - o f f ,   s t i r r e r ,   r e a g e n t  

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

was  c h a r g e d   w i t h   1 9 3 . 0 5   g.  e t h y l e n e / m a l e i c   a n h y d r i d e  

c o p o l y m e r   ( E M A ) ( 1 . 5   m o l e s ,   a n h y d r i d e   b a s i s )   and  2700  m l .  

x y l e n e .   The  c h a r g e   was  s t i r r e d   a t   200  r . p . m .   w i t h   a  

6 . 5   i n c h   b l a d e - t y p e   s t i r r e r   w h i l e   i t   was  h e a t e d   t o   t h e  

r e f l u x   t e m p e r a t u r e .   T h i s   r e f l u x   t e m p e r a t u r e   w i l l   v a r y  

f r o m   135  to   139°C  d e p e n d i n g   on  t h e   w a t e r   c o n t e n t   of   t h e  

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

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

was  m a i n t a i n e d   a t   t o t a l   r e f l u x   f o r   60  m i n u t e s   u n d e r   t o t a l .  



r e f l u x   r e t u r n   a t   a  t e m p e r a t u r e   of  1 3 5 ° C .   A f t e r   1  h o u r  

t h e   r e a c t o r   was  c o o l e d   to   1 2 5 ° C .   u n d e r   n i t r o g e n   a n d  

7 . 6 6   g.  ( 0 . 0 7 5   m o l e )   d i m e t h y l a m i n o p r o p y l a m i n e   (DMAPA) 

was  a d d e d .   S t i r r i n g   was  m a i n t a i n e d   f o r   1  h o u r   a t  

1 2 5 ° C .   w i t h o u t   r e f l u x   a f t e r   w h i c h   1 0 . 8 9   g.  ( 0 . 0 7 5   m o l e )  

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

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

a t   1 2 5 ° C .   The  m i x t u r e   was  h e a t e d   to   r e f l u x   ( 1 3 4 ° C . )   a n d  

m a i n t a i n e d   a t  r e f l u x  f o r   7  h o u r s   w h i l e   r e m o v i n g   t h e  

w a t e r   of  r e a c t i o n   c o n t i n u o u s l y   by  a z e o t r o p i c   d i s t i l l a t i o n .  

The  f i n a l   t e m p e r a t u r e   was  1 3 8 ° C .   and  5 .3   ml .   of   w a t e r  

was  c o l l e c t e d .   The  s l u r r y   t e m p e r a t u r e   was  l o w e r e d   t o  

1 1 5 ° C .   and   1 2 7 . 0 2  g .   ( 1 . 4 2   m o l e s )   of  m e t h o x y p r o p y l a m i n e  

(MOPA)  was  a d d e d .   The  m i x t u r e   was  s t i r r e d   f o r   1  h o u r  

w i t h o u t   r e f l u x   a t   1 1 5 - 1 1 8 ° C .   and  t h e n   t h e   t e m p e r a t u r e  

was  r a i s e d   to  1 2 0 ° C .   w h e r e   r e f l u x i n g   of  t h e   x y l e n e -  

w a t e r   a z e o t r o p e   b e g a n .   R e f l u x   was  m a i n t a i n e d   f o r   6  h o u r s  

w h i l e   r e m o v i n g   t h e   w a t e r   of  r e a c t i o n   c o n t i n u o u s l y   b y  

a z e o t r o p i c   d i s t i l l a t i o n ,   f i n a l   t e m p e r a t u r e   was  1 3 8 ° C .  

a n d   2 3 . 6   ml .   w a t e r   was  c o l l e c t e d .  

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

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

a b o v e   was  f i l t e r e d   h o t   ( 1 0 0 ° C . )   and   t h e   p r o d u c t   c a k e   w a s  

r e s l u r r i e d   i n   2700  m l .  o f   a  3 :1   m i x t u r e   of   x y l e n e   a n d  

e t h a n o l ,   s t i r r e d   a t   r e f l u x   t e m p e r a t u r e   f o r   one   h o u r   a n d  

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

3 : 1   x y l e n e - a l c o h o l   e x t r a c t i o n   m i x t u r e .   A f t e r   a g a i n  

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

( 2 7 0 0   m l . )   and   s t i r r e d   1  h o u r   a t   r e f l u x   and  f i l t e r e d .  

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

f i n a l   p r o d u c t   c a k e   w a s  r e s l u r r i e d   i n   2700  m l .   h e x a n e   f o r  

1  h o u r   a t   r o o m   t e m p e r a t u r e   and  f i l t e r e d .   The  h e x a n e  

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

f i n a l   f i l t e r   c a k e   a i r   d r i e d   i n   a  pan   f o r   1  h o u r ,   s c r e e n e d  

t h r o u g h   a  100  mesh   s e i v e   w i t h o u t   g r i n d i n g   and  v a c u u m   d r i e d  



o v e r n i g h t   a t   50°C ,  T h e r e   was  o b t a i n e d   165  g,  of  f i n e  

p r o d u c t   ( t h r o u g h   100  m e s h )   and   14  g.  of  c o a r s e   p r o d u c t  
( o n   100  m e s h ) .   The  f i n e   p r o d u c t   a s s a y e d   f o r   8 . 0 9 . %  

n i t r o g e n   and  was  i m m e d i a t e l y   and  e a s i l y   d i s p e r s a b l e   i n  

0 . 0 4 M .   s a l i n e .   The  pH  of  s u c h   a  d i s p e r s i o n   ( 0 . 2   g .  

p r o d u c t   in   20  ml .   0 .04M  s a l i n e )   was  8 . 1 0  .  

EXAMPLE,  2 

For   w o r k - u p   as  t h e   h y d r o c h l o r i d e   s a l t   f o r m , t h e  

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

t h e   p r o d u c t   c a k e   r e s l u r r i e d   a t   r e f l u x   in   3 : 1   x y l e n e - a l c o h o l  

two  t i m e s ,   r e s l u r r i e d   a t   r e f l u x   in   x y l e n e   two  t i m e s   as   i n  

E x a m p l e   1,  and  f o l l o w e d   by  two  1 - h o u r   r oom  t e m p e r a t u r e  

e x t r a c t i o n s   w i t h   2700  ml .   a c e t o n e .   The  f i l t e r e d   p r o d u c t  

was  c o n v e r t e d   t o   t h e   h y d r o c h l o r i d e   by  r e s l u r r y i n g   i n  

2700  ml .   a c e t o n e   and  g r a d u a l l y   a d d i n g   w i t h   s t i r r i n g   ( o v e r  

10  m i n . )   14  ml .   c o n c .   (12M)  h y d r o c h l o r i c   a c i d   and  s t i r r i n g  

a t   r oom  t e m p e r a t u r e   f o r   two  h o u r s .   The  f i l t e r e d   p r o d u c t  

was  s u b s e q u e n t l y   w a s h e d   ( s l u r r y   w i t h   s t i r r i n g )   t h r e e  

c o n s e c u t i v e   t i m e s   w i t h   1C  l i t e r s   of  w a t e r   ( d e i o n i z e d )   f o r  

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

c a k e   was  r e s l u r r i e d   f o u r   t i m e s   i n   2700  ml .   a c e t o n e   (1  h o u r  

e a c h   t i m e )   to   r e m o v e   t h e   w a t e r ,   f i l t e r e d ,   a i r   d r i e d   f o r  

30  m i n u t e s   and  v a c u u m   o v e n   d r i e d   a t   5 5 ° C .  

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

i g r i n d i n g   w i t h   95%  of  t h e   p r o d u c t   g o i n g   t h r o u g h   a  100  m e s h  

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

7 .79%  n i t r o g e n   and  2 .62%  c h l o r i n e   as  i o n i c   c h l o r i d e .   186  g .  

of  s a l t   f o r m   p r o d u c t   ( t h r o u g h   100  m e s h )   was  o b t a i n e d .   I t  

was  d i s p e r s e d   i n   0 .04M  s a l i n e   (5  g.  p e r   120  m l . )   and   t h e  

d i s p e r s i o n   had  a  pH  of  3 . 8 5 .  



EXAMPLE  3 

The  p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d   w h e r e i n  

T h e  p r o d u c t   c o m p o s i t i o n   was  c h a n g e d   by  a d d i n g   d i f f e r e n t  

p r o p o r t i o n s   o f   t h e   a m i n e s   e m p l o y e d   in   E x a m p l e   1 .  The  s a m e  

a m i n e   r e a c t i o n   s e c u e n c e  w a s   u s e d  a s   i n   E x a m p l e   1  and  i n  

no  c a s e   was  any  w a t e r   a d d e d   to   t h e   a m i n e s   to   f a c i l i t a t e  

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

a m i n e   d e r i v a t i v e s   as  i n   E x a m p l e   1.  The  i n i t i a l   1 - h o u r  

r e f l u x   p e r i o d  o f   EMA  in   x y l e n e   s l u r r y   was  p e r f o r m e d   u n d e r  

t o t a l   r e f l u x  a s   in   E x a m p l e   1  (no  w a t e r   r e m o v a l )   or   a s  

n o t e d   in   t h e   t a b l e   w i t h   a c e c t r o p i c   r e f l u x   r e m o v i n g   a n y  

w a t e r   w h i c h   m a y  h a v e   b e e n   e n d o g e n o u s   to   t h e   EMA. 





EXAMPLE  4 

When  t h e   i n i t i a l   1 - h o u r   E M A - x y l e n e   r e f l u x  

p e r i o d   i s   p e r f o r m e d   u n d e r   c o n d i t i o n s   o f   a z e o t r o p i c  

d i s t i l l a t i o n ,   i . e .   r e m o v i n g   a l l   w a t e r   f r o m   t h e s e   r e a c t a n t s  

b e f o r e   s u b s e q u e n t   a m i n e   r e a c t i o n s ,   t h e n   t h e   s u b s e q u e n t  

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

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

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

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

w e r e   made  u s i n g   t h e   g e n e r a l   m e t h o d   of   E x a m p l e   l ' b u t  

w i t h   t h e   E M A - x y l e n e   r e f l u x   w a t e r   r e m o v e d   d u r i n g   t h e  

i n i t i a l   1  h o u r   p e r i o d   as   i n   E x a m p l e   3,  Run  N o ' s   7 ,   8 ,  

10  and   11.   I n   t h e s e   r u n s   a d d i t i o n a l   w a t e r   was  a d d e d  

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

f o l l o w i n g   t a b l e .   A l l   r u n s   w e r e   f i n i s h e d   as  t h e   f r e e  

a m i n e   as  i n   E x a m p l e   1 .  



EXAMPLE 

The  e q u i p m e n t   u s e d   in   E x a m p l e   1  was  c h a r g e d  

w i t h   1 9 3 . 0 5   g.  ( 1 . 5   m o l e )   EMA  and  2700  ml .   x y l e n e  

and  t h e   c h a r g e   was  b r o u g h t   to   r e f l u x   ( 1 3 7 ° C . )   w i t h  

s t i r r i n g   a t   200  rpm  and  r e f l u x i n g   was  m a i n t a i n e d   f o r  

1  h o u r   d u r i n g   w h i c h   t i m e   any  w a t e r   i n   t h e   m i x t u r e   w a s  

c o n t i n u o u s l y   r e m o v e d   by  a z e o t r o p i c   d i s t i l l a t i o n .   A 

t o t a l   of  1 .6   ml .   w a t e r   was  c o l l e c t e d   in   t h e   Dean  S t a r k  

t r a p .   A f t e r   1  h o u r   t h e   s l u r r y   was  c o o l e d   to   1 2 5 ° C .   a n d  

7 . 6 6   g.  ( 0 . 0 7 5  m o l e )   DMAPA  was  a d d e d   and  t h i s   m i x t u r e  

was  m a i n t a i n e d   f o r   1  h o u r   a t   1 2 5 ° C . ,   a f t e r   w h i c h   a  

m i x t u r e   of  21.  70  g.  ( 0 . 1 5   m o l e )   MIBPA  and  1 . 5   ml .   w a t e r   w a s  

a d d e d .   A f t e r   an  a d d i t i o n a l   h o u r   a t   1 2 5 ° C .   t h e   s l u r r y  

was  h e a t e d   to   r e f l u x   ( 1 3 6 ° C . )   and  m a i n t a i n e d   a t   r e f l u x  

w h i l e   c o n t i n u o u s l y   r e m o v i n g   w a t e r   in   t h e   Dean   S t a r k  

t r a p   f o r   15  h o u r s ,   t h e r e b y   r e m o v i n g   a  t o t a l   of   6 .3   m l .  

w a t e r   a t   a  f i n a l   t e m p e r a t u r e   of  1 3 8 ° C .   The  s l u r r y  

was  c o o l e d   to   1 2 0 ° C .   and  1 1 3 . 6 5   g.  ( 1 . 2 5   m o l e s )   MOPA 

was  a d d e d   and  t h e   r e s u l t i n g   s l u r r y   h e l d   a t   120°  f o r  

an  a d d i t i o n a l   h o u r .   The  t e m p e r a t u r e   was  t h e n   r a i s e d  

to   1 3 6 ° C .   and  r e f l u x   w i t h   a z e o t r o p i c   r e m o v a l   of   w a t e r  

c o n t i n u e d   f o r   6  h o u r s   to  c o l l e c t   2 1 . 5   ml .   w a t e r .   T h e  

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

t h e   p r o c e d u r e  o f   E x a m p l e   2.  A  t o t a l   of  f o u r   r u n s   w e r e   m a d e  

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

(12N)   in   o r d e r   to   t e s t   t h e   e f f e c t   of  b o t h   d e f i c i e n t   a n d  

e x c e s s   HC1  on  t h e   f i n a l   p r o d u c t   p r o p e r t i e s .  







EXAMPLE  6 

T h e  p r o c e d u r e   of  E x a m p l e   5  was  r e p e a t e d  

e x c e p t   t h a t   a f t e r   r e a c t i o n   of  DMAPA  and  MIBPA  t h e r e   w a s  

a d d e d   9 5 . 7 7   7 g .   ( 1 . 2 7   m o l e s  )   m e t h o x y e t h y l a m i n e ( M O E A )  

i n s t e a d   of  t h e   m e t h o x y p r o p y l a m i n e   (MOPA).  Two  p r o d u c t s  

w e r e   p r e p a r e d .   o n e  a s   t h e  f r e e   a m i n e   b y  t h e   w o r k - u p  

p r o c e d u r e s   of  E x a m p l e  1   and  t h e   o t h e r   as  t h e   HCI.  s a l t  

b y  t h e   w o r k - u p   p r o c e d u r e   of  E x a m p l e   2 .  

EXAMPLE  7 

The  p r o c e d u r e   o T  E x a m p l e   1  was  u s e d   to   p r e p a r e  

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

t he   r e a c t i o n   of  DMAPA  and  MIBPA  w e r e   t o t a l l y   r e a c t e d  

w i t h   e i t h e r   h y d r o x y e t h y l a m i n e ,   3 - h y d r o x y p r o p y l a m i n e   o r  

2 - h y d r o x y p r o p y l   a m i n e   as  s h o w n   in   t h e   f o l l o w i n g   t a b l e .  

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

u s i n g   t h e   p r o c e d u r e   in   E x a m p l e   1  and  as   t h e   HCl  s a l t  

u s i n g   t h e   p r c c e d u r e   i n   E x a m p l e   2.  The  i n i t i a l   h o u r  

a g g r e g a t i o n   p e r i o d   of  E M A - x y l e n e   r e f l u x   was  c a r r i e d   o u t  

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

t h e  M I B P A   was  a d d e d   as  a  m i x t u r e   w i t h   1 .5   ml .   w a t e r .  





EXAMPLE  8 

A  s e r i e s   of  p o l y e l e c t r o l y t e s   w e r e   p r e p a r e d  

in   w h i c h   the   c r o s s l i n k e r   (MIBPA)  was  m a i n t a i n e d   a t   5 

mole%  and  t h e   b l o c k i n g   a m i n e   to  r e a c t   w i t h   e x c e s s  

a n h y d r i d e   g r o u p s   was  a l w a y s   e t h a n o l a m i n e   a t   t h e   85  m o l e   % 

l e v e l .   The  f u n c t i o n a l   m o i e t y ,   t h a t   w h i c h   p r o v i d e d   p o t e n -  
t i a l   c a i t i o n i c   f u n c t i o n ,  w a s   m a i n t a i n e d   a t   5  m o l e   % 

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

was  a l t e r e d   by  u s e   of  s i x t e e n   d i f f e r e n t   r e a c t i v e   a m i n e s  

as  s e t   f o r t h   in   t h e   f o l l o w i n g   t a b l e .  A   g e n e r a l   p r o c e d u r e  

was  u s e d   as   f o l l o w s :  

A l l   p r e p a r a t i o n s   u t i l i z e d   t h e   same  e q u i p m e n t  

and  t h e   same  EMA  and  x y l e n e   c h a r g e   as   in   E x a m p l e   1.  T h e  

s l u r r y   was  h e a t e d   to   9 0 - 9 5 ° C .   and  1 0 . 3 9   g.  ( 0 . 0 7 5   m o l e )  

MIBPA  was  a d d e d   a n d  . s t i r r e d   a t   9 5 ° C .   f o r   1  h o u r .   T h e n  

O.C75  m o l e   of  t h e   f u n c t i o n a l   a m i n e   ( s e e   t a b l e   b e l o w )   w a s  

a d d e d   and  s t i r r e d   a t   9 5 ° .   f o r  1   h o u r .   The  s l u r r y   w a s  

h e a t e d   to   r e f l u x   ( 1 3 4 ° C . )   and  w a t e r   of   r e a c t i o n   w a s  

c o m p l e t e l y   r e m o v e d   by  a z e o t r o p i c   d i s t i l l a t i o n   to   a  f i n a l  

t e m p e r a t u r e   of  1 3 9 ° C .   The  s l u r r y   was  t h e n   c o o l e d   t o  

9 5 ° C .   and  8 7 . 0 5   g.  of  h y d r o x y e t h y l a m i n e   was   a d d e d   a n d  

t h e   s l u r r y   s t i r r e d   a t   9 5 ° C .   f o r   1  h o u r .   The  s l u r r y  

t e m p e r a t u r e   was  t h e n   r a i s e d   to   1 3 4 ° C .   and   t h e   t o t a l   w a t e r  

of   r e a c t i o n   was  c o m p l e t e l y   r e m o v e d   by  a z e o t r o p i c  

d i s t i l l a t i o n   to   a  f i n a l   t e m p e r a t u r e   of  139  to   1 4 0 ° C .   T h e  

f i n a l   s l u r r y   was  f i l t e r e d   h o t   and   w o r k e d   up  as  t h e   f r e e  

a m i n e   by  t h e   p r o c e d u r e   of  E x a m p l e   1,   d r i e d ,   g r o u n d   b y  

b a l l   m i l l i n g   and  s c r e e n e d   t h r o u g h   a  100  m e s h   s c r e e n .  





In  t h e   a b o v e   s e r i e s ,   t h e   a m i n e s   i n   r u n s   1  

t h r o u g h   7  a r e   e x a m p l e s   of  d i a l k y l a m i n o a l k y l i m i d e  

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

8  t h r o u g h   15  a r e   e x a m p l e s   of  h e t e r o c y c l i c   a m i n o a l k y l -  

i m i d e   s u b s t i t u t i o n .   T h r e e   of  t h e   a b o v e   w e r e   a l s o   t h e n  

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

The  p r e p a r a t i v e   m e t h o d   of  E x a m p l e  1   was  f o l l o w e d   and  t h e  

c o n v e r s i o n   to  t h e   s a l t   f o l l o w e d   t h e   p r o c e d u r e   in   E x a m p l e  

2.  The  d i m e t h y l a m i n o p r o p y l a m i n e   ( r u n   3  a b o v e )   w a s  

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

s u b s t i t u t i o n   and  t h e   3 - a m i n o - N - e t h y l   p i p e r i d i n e   and  N -  

3 - a m i n o p r o p y l   m o r p h o l i n e   ( r u n s   9  and  13  a b o v e )   w e r e  

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

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

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

h y d r o x y e t h y l a m i n e   and   m e t h o x y p r o p y l a m i n e   as  t h e   t h i r d  

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

prepara t ions  are  g iven  in  Example   9 .  r u n   p r e p a r a t i o n s   a r e   g i v e n   in   E x a m p l e   9 .  

EXAMPLE  9 

The  m e t h o d o l o g y   of  E x a m p l e s   1  and  2  w e r e   u s e d  

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

e l e c t r o l y t e s   h a v i n g   t h e   g e n e r a l   c o m p o s i t i o n   of  5  m o l e   % 

c r o s s l i n k  a s   MIBPA,  5  m o l e  %   of  t h r e e   d i f f e r e n t   f u n c t i o n a l  

a m i n o a l k y l i m i d e   m o i e t i e s   and  85  mole%  of  n o n - f u n c t i o n a l  

i m i d e   m o i e t i e s   as   shown   in   t h e   t a b l e   b e l o w .  





EXAMPLE  1 0  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n   o f  

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

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

5.  E q u i p m e n t   u t i l i z e d   was  t h e   same  as  in   E x a m p l e   1 .  

The  i n i t i a l   c h a r g e   of   1 0 1 . 1   g.  ( 0 . 5   m o l e )   s t y r e n e - m a l e i c  

a n h y d r i d e   and  2 .7   l i t e r s   x y l e n e   was  r e f l u x e d   a t   1 3 5 ° C .  

w i t h   a s e o t r o p i c   d i s t i l l a t i o n   of  w a t e r   f o r   1  h o u r   and  t h e n  

c o o l e d   to   1 2 5 ° C .   w h e r e u p o n   2 . 5 5   g.   ( 0 . 0 2 5   m o l e )   DMAPA 

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

1  h o u r .   A f t e r   1  h o u r   a  m i x t u r e   of   2 . 9 1   g .   ( 0 . 0 2 5   m o l e )  

h e x a m e t h y l e n e   d i a m i n e   (HMDA)  and  1 .0   m l .   w a t e r   w a s  

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

h o u r .   A f t e r   1  h o u r   a  s e c o n d   a d d i t i o n   of  2 . 5 5   g.  DMAPA 

( 0 . 0 2 5   m o l e )   was  made  f o l l o w e d   by  a  1  h o u r   h e a t i n g  

p e r i o d   a t   1 2 5 ° C .   The  s l u r r y   was  t h e n   h e a t e d   to   1 3 5 ° C .  

and  r e f l u x e d  4   h o u r s   u n d e r   a z e o t r o p i c   d i s t i l l a t i o n   o f  

w a t e r   ( 1 . 2 5   ml .   c o l l e c t e d ) .   A f t e r   c o o l i n g   to   1 2 5 ° C . ,  

4 0 . 5 6   g.  m e t h o x y p r o p y l a m i n e   was  a d d e d   and  t h e   s l u r r y  

h e a t e d   a t  1 2 5 ° C .   f o r   1  h o u r .   The  s l u r r y   was  t h e n  

h e a t e d   to   r e f l u x   ( 1 3 6 ° C . )   u n d e r   a z e o t r o p i c   d i s t i l l a t i o n  

f o r   6  h o u r s   t h e r e b y   r e m o v i n g   8 . 2   ml .   w a t e r   i n   t h e   D e a n  

S t a r k   t r a p .   The  f i n a l   t e m p e r a t u r e   was  1 3 8 ° C .   T h e  

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

t h e   p r o c e d u r e   of  E x a m p l e   2  e m p l o y i n g   5 . 0   ml .   c o n c e n t r a t e d  

(12N)   h y d r o c h l o r i c   a c i d .   The  f i n a l   w a s h e d   and  d r i e d  

p r o d u c t   c o l l e c t e d   was  1 1 3 . 0   g.  and  a n a l y s e d   5 . 2 7 %  

n i t r o g e n   and  1 .00%  c h l o r i n e .  



EXAMPLE.  1 1  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n  

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

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

of   E x a m p l e   5  and  u s i n g   t h e   e q u i p m e n t   of  E x a m p l e   1 .  

The  i n i t i a l  c h a r g e   of  1 5 4 . 1 6   g.  ( 1 . 0   m o l e )   o f  

i s o b u t y l e n e - m a l e i c   a n h y d r i d e   and  2 .7  l i t e r s   w a s  

r e f l u x e d   a t   1 3 5 ° C .   u n d e r   a z e o t r o p i c   r e m o v a l   of  w a t e r  

f o r   1  h o u r   and  t h e n   c o o l e d   to   1 2 5 ° C .   5 . 1 1   g.  ( 0 . 0 5  

m o l e )   DMAPA  was  t h e n   a d d e d   and  t h e   s l u r r y   was  h e a t e d  

a t   1 2 0 - 1 2 5 ° C .   w i t h o u t   r e f l u x i n g   f o r   1  h o u r .   To  t h i s  

s l u r r y   7 . 2 6   g.  ( 0 . 0 5   m o l e )   MIBPA  and  1 .0   ml .   w a t e r  

was  a d d e d   and  a g a i n   t h e   m i x t u r e   was  h e a t e d   f o r   1  h o u r  

a t   1 2 0 - 1 2 5 ° C .   w i t h o u t   r e f l u x i n g .   The  s l u r r y   was  t h e n  

h e a t e d   to   r e f l u x   ( 1 3 5 ° C . )   and  w a t e r   r e m o v e d   b y  

a z e o t r o p i c   d i s t i l l a t i o n   o v e r   a  p e r i c d .  o f   4  h o u r s .   T h e  

f i n a l   t e m p e r a t u r e   was  1 3 7 ° C .   and  1 . 2 0   ml.   w a t e r   w a s  

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

1 2 0 ° C .   t h e r e   was  a d d e d   8 4 . 7   g.  m e t h o x y p r o p y l a m i n e   a n d  

t h i s   m i x t u r e   was  h e a t e d   a t   1 2 0 - 1 2 5 ° C .   w i t h o u t   r e f l u x  

f o r  1   h o u r .   The  s l u r r y   t e m p e r a t u r e   was  r a i s e d   t o  

r e f l u x   ( 1 3 5 ° C . )   and  w a t e r   of  r e a c t i o n   was  a z e o t r o p i c a l l y  

r e m o v e d   o v e r   a  6  h o u r   p e r i o d .   The  f i n a l   t e m p e r a t u r e  

was  1 3 7 ° C .   and  1 6 . 3   ml .   w a t e r   w a s - a b t a i n e d .   T h e  

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

t h e   p r o c e d u r e   of  E x a m p l e   2  e m p l o y i n g   1 0 . 0   m l .  

c o n c e n t r a t e d   (12N)   h y d r o c h l o r i c   a c i d .   The  f i n a l  

w a s h e d   and  d r i e d   p r o d u c t   c o l l e c t e d   was  186  g.   a n d  

a n a l y s e d   6 .44%  n i t r o g e n   and  1 .25%  c h l o r i n e .  



EXAMPLE  12  

A  5 - l i t e r   r e a c t i o n   f l a s k ,   e q u i p p e d   w i t h   r e f l u x  

c o n d e n s e r ,   D e a n - S t a r k   w a t e r   t a k e - o f f ,   s t i r r e r ,   r e a g e n t  

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

a t t a c h m e n t s ,   was  c h a r g e d   w i t h  1 9 3 . C 5   g.  e t h y l e n e / m a l e i c  

a n h y d r i d e  c o p o l y m e r   (EMA)  ( 1 . 5   m o l e s ,   a n h y d r i d e   b a s i s )  

and  2700  ml .   x y l e n e .   The  c h a r g e   was  s t i r r e d   a t   200  n . p . m . .  

w i t h   a  6 . 5   i n c h  b l a d e - t y p e   s t i r r e r   w h i l e   i t   was  h e a t e d  

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

a t  t o t a l   r e f l u x   f o r   60  m i n u t e s   u n d e r   t o t a l   r e f l u x  

r e t u r n   a t   a  t e m p e r a t u r e  o f   1 3 5 ° C .   A f t e r  1   h o u r   t h e  

r e a c t o r   was  c o o l e c   t o  1 2 5 ° C .   u n d e r   n i t r o g e n   and   a  s o l u t i o n  

m i x t u r e   of  13.8 3  g.  MIBPA  ( 0 . 0 7 5   m o l e )   and  1 .5   m l .  

w a t e r   was  a d d e d .   T h e  m i x t u r e   was  h e a t e d   to   r e f l u x  

( 1 3 4 ° C . )   and   m a i n t a i n e d   a t   r e f l u x   f o r   1  h o u r   w h i l e  

c o n t i n u o u s l y   r e m o v i n g   w a t e r   a z e o t r o p e   ( f i n a l  t e m p e r a t u r e  

was  1 3 7 ° C . ) .   The  r e a c t i o n   m i x t u r e   was  a g a i n   l o w e r e d   t o  

1 2 5 ° C .   u n d e r   n i t r o g e n  a n d   a  s o l u t i o n   m i x t u r e  o f   1 5 3 . 3   g .  

DMAPA  ( 1 . 5   m o l e s )   and  4 .5   ml.   w a t e r   was  a d d e d .   T h e  

s l u r r y   was  t h e n  h e a t e d   to  1 3 3 ° C .   and  h e l d   a t   t h i s  

t e m p e r a t u r e   ( 1 - 1 0   m i n . )   u n t i l   r e f l u x i n g   b e g a n   as  a  

c o n s e q u e n c e   of  w a t e r   b e i n g   f o r m e d   d u r i n g   t h e   c h e m i c a l  

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

was  c o n t i n u e d   u n t i l   w a t e r   r e m o v e d   by  a z e o t r o p i c   d i s t i l l -  

a t i o n   was  c o m p l e t e .   The  f i n a l   t e m p e r a t u r e   was  1 3 9 ° C .  



For  w o r k - u p   as  t h e   h y d r o c h l o r i d e   s a l t   f o r m ,  

t he   a b o v e   s l u r r y   was  f i l t e r e d   h o t   and  t he   p r o d u c t   c a k e  

was  r e s l u r r i e d   in   2700  ml .   of  a  3 :1   m i x t u r e   of  x y l e n e  

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

and  t h e n   f i l t e r e d   h o t .   T h i s   was  r e p e a t e d   a  s e c o n d   t i m e  

f o r   a  two  h o u r   p e r i o d   and  a  t h i r d   t i m e   f o r   a  t h r e e   h o u r  

r e f l u x i n g   p e r i o d ,   in  e a c h   c a s e   f o l l o w e d   by  h o t   f i l t r a t i o n .  

The  r e s u l t i n g   e x t r a c t e d   p r o d u c t   was  r e s l u r r i e d   in   2 7 0 0  

ml .   a c e t o n e   f o r   1  h o u r   a t   room  t e m p e r a t u r e   and  f i l t e r e d  

and  t h e   c a k e   was  a g a i n   s l u r r i e d   in   2700  ml.   a c e t o n e   f o r  

1  h o u r   a t   room  t e m p e r a t u r e   and  f i l t e r e d .   T h i s   e x t r a c t e d  

c a k e   was  s l u r r i e d   in   2700  ml.   a l c o h o l   a t   room  t e m p e r a t u r e  

and  c o n v e r t e d   to   t h e   h y d r o c h l o r i d e   s a l t   by  a d d i n g   o v e r   a  

p e r i o d   of  10  m i n u t e s   112  ml .   of  c o n c e n t r a t e d   ( 1 2 N )  

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

2  h o u r s .   The  f i l t e r e d   p r o d u c t   was  s u b s e q u e n t l y   w a s h e d  

( s l u r r y   w i t h   s t i r r i n g )   t h r e e   c o n s e c u t i v e   t i m e s   w i t h   10  

l i t e r s   of  d e i o n i z e d  w a t e r   f o r   2  h o u r s  e a c h   t i m e  a n d  

f i l t e r e d .   The  s a l t   f o rm  c a k e   was  r e s l u r r i e d   4  t i m e s  

in   2700  ml .   a c e t o n e   (1  h o u r   e a c h   t i m e )   to   r e m o v e   t h e  

w a t e r ,   f i l t e r e d ,   a i r   d r i e d   f o r   30  m i n u t e s   and  v a c u u m  

o v e n   d r i e d   a t   5 5 ° C .   o v e r n i g h t .   The  f i n a l   p r o d u c t  

c o n s i s t e d   of  333  g.  s c r e e n e d   t h r o u g h   100  mesh   ( n o t   b a l l -  

m i l l e d   or  g r o u n d )   w i t h   an  a n a l y s i s   of  10 .65%  N i t r o g e n  

and   1 3 . 0 3 %   c h l o r i n e   as  c h l o r i d e   i o n .  



EXAMPLE  1 3  

U s i n g   t h e   same  e q u i p m e n t   and  e s s e n t i a l l y   t h e  

same  p r o c e d u r e   as  in   E x a m p l e   1,  a  s a m p l e   of   p o l y -  

e l e c t r o l y s e   was  p r e p a r e d   c o n t a i n i n g   o n l y   MIBPA 

c r o s s l i n k e r   and  MOPA  ( m e t h o x y p r o p y l i m i d e )   m o i e t i e s ,  

i . e .   no  DMAPA  or   o t h e r   f u n c t i o n a l   a m i n e s .  

The  c h a r g e   of  1 9 3 . 0 5   g.  of  EMA  and  2700  m l .  

x y l e n e   was  r e f l u x e d   1  h o u r   u n d e r   w a t e r   t a k e o f f   a t  

1 3 5 ° C .   r e m o v i n g   1 . 2   m l .  w a t e r .   T h i s   s l u r r y   was  c o o l e d  

to  1 2 5 ° C .   and  1 3 . 3 7   g.  ( 0 . 1 5 0   m o l e )   MOPA  was  a d d e d  

a n d  s t i r r e d   a t  1 2 5 ° C .   f o r   1  h o u r .   Then   t h e   MIBPA  w a s  

a d d e d   in   two  s t a g e s ,   f i r s t   by  a d d i n g   2 1 . 7 9   g.  MIBPA 

( 0 . 1 5 0   m o l e   p l u s   1 .5   ml .   w a t e r   and   s t i r r i n g  f o r   1  

h o u r   w i t h o u t   r e f l u x   a t   1 2 5 ° C .   f o l l o w e d   by  r a i s i n g   t h e  

T e m p e r a t u r e   t o   1 3 5 ° C .   and  t a k i n g   o f f   w a t e r   by  a z e o t r o p i n g  

u n d e r   r e f l u x   f o r  4   h o u r s ,   t h e r e b y   r e m o v i n g   7 . 4   m l .  

w a t e r .   A f t e r  c o o l i n g   to   1 2 5 ° C .   a  s e c o n d   a d d i t i o n   o f  

2 1 . 7 9   g.  MIBPA  ( 0 . 1 5 0   m o l e )   p l u s   1 . 5   m l .   w a t e r   was  m a d e  

and  t h e   s l u r r y   h e a t e d   a t   1 2 5 ° C .   f o r   1  h r .   w i t h o u t   r e f l u x -  

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

c a r r i e d   o u t   a t   1 3 8 ° C . ,   t h e r e b y   r e m o v i n g   5 .7   m l .   w a t e r  

o v e r   7  h o u r s .   The  s l u r r y   was  a g a i n   c o o l e d   t o   1 2 5 ° C .  

and  8 0 . 2 3   g.  MOPA  was  a d d e d ,   s t i r r e d   a t   1 2 5 ° C .   f o r   1 

h o u r   and  t h e n   a z e o t r o p i c a l l y   r e f l u x e d   ( 1 3 5 ° C .   t o   1 3 8 ° C . )  

f o r   8  h o u r s ,   t h e r e b y   r e m o v i n g   1 6 . 2   m l .  w a t e r .   T h e  

f i n a l   s l u r r y   was  f i l t e r e d   h o t   and   f i n i s h e d   as   t h e   f r e e  

a m i n e   u s i n g   t h e   p r o c e d u r e   of  E x a m p l e   1.  The  p r o d u c t  

c o n s i s t e d   of  260  g.   w i t h   a  N i t r o g e n   c o n t e n t   of   8 . 5 7 % .  



EXAMPLE  1 4  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   m e t h o d s   u s e d  

f o r   a d s o r b i n g  F a c t o r   V I I I   c l o t t i n g   f a c t o r   f r o m   h u m a n  

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

E x a m p l e s  1   t h r o u g h   13,   e l u t i n g   and  r e c o v e r i n g   t h e  

F a c t o r   V I I I   f r o m   t h e   p o l y m e r  -   F a c t o r   V I I I   c c m p l e x   f o r  

a s s a y   of  (1)   r e c o v e r y   or  y i e l d   of  F a c t o r   V I I I ,   a n d  

(2)   c o n t e n t   of  a c t i v a t i n g   e n z y m e s   w h i c h   i n f l u e n c e  

( s h o r t e n )   t he   c l o t t i n g   t i m e   p r o p e r t i e s   of  t h e   F a c t o r  

V I I I .   T h e  m e t h o d s   of  a s s a y   a r e   g i v e n  i n  E x a m p l e   1 5 .  

The  human  p l a s m a   u s e d   f o r   f r a c t i o n a t i o n   s t u d i e s  

was  f r e s h   f r o z e n   p l a s m a   f r o m   w h o l e   b l o o d   d o n a t i o n s ,  

o b t a i n e d   f r o m   t h e   S t .   L o u i s   Red  C r o s s .   The  t o t a l   p r o t e i n  

c o n t e n t   of  s u c h  p l a s m a s   v a r i e d   f r o m   60  t o  8 0   g r a m s   p e r  

l i t e r ,   h i g h e r   c o n c e n t r a t i o n s   b e i n g   o b s e r v e d   in   t h e   s u m m e r  

t h a n   in   t h e   w i n t e r .   The  u n i t s   r e c e i v e d   w e r e   e i t h e r   O 

p o s i t i v e   or  A  p o s i t i v e   in  t y p e .  

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

F a c t o r   IX  was  r e m o v e d   f r o m   t h e   p l a s m a   as  an  i n i t i a l   s t e p  

p r i o r   to   a d s o r b i n g   F a c t o r   V I I I .   The  f o l l o w i n g   s t e p s  

d e s c r i b e   t h e   o v e r   a l l   p r o c e s s .  

1.  Thaw  5  u n i t s   of  f r e s h   f r o z e n   p l a s m a   in   a  

3 7 ° C .   w a t e r   b a t h .  

2.  P o o l   t h e   t h a w e d   p l a s m a   in   a  p o l y e t h y l e n e   o r  

p o l y p r o p y l e n e   b e a k e r .   M e a s u r e   1  l i t e r   i n t o   a  

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

a  2 - l i t e r   p o l y e t h y l e n e   b e a k e r .  



3.  Add  0 . 3 5   to   0 . 5 0   g r a m s   of  p o l y e l e c t r o l y t e   f r o m  

E x a m p l e  1 2 ,   and  a d j u s t   t h e   pH  to  8 , 0   w i t h   1 . 0  

m o l a r   NaOH  o n  a   m a g n e t i c   s t i r r e r .   S t i r   20  

m i n u t e s   m a i n t a i n i n g   t h e   pH  a t  8 . 0 .  

4.  F i l t e r   on  a  1 2 . 5   cm.  B u c h n e r   f u n n e l   w i t h   W h a t m a n  

No.  54  p a p e r   i n t o  a   p o l y e t h y l e n e   b o t t l e   i n s i d e  a  

4  l i t e r   b o t t o m l e s s   v a c u u m   f l a s k   o n  a   g l a s s   p l a t e .  

Save   t h e   f i l t r a t e .  

5 .  S c r a p e   The  f i l t e r e d   p o l y m e r   f r o m   t h e   f i l t e r   p a p e r  

i n t o  a   1C0  ml .   p o l y e t h y l e n e   b e a k e r ,   w a s h   t h e  

f i l t e r   p a p e r   w i t h   20  ml.   d i s t i l l e d   w a t e r   and  a d d  

t h e   p o l y m e r   in   t h e   b e a k e r .   S t i r   5  m i n u t e s  o n   a  

m a g n e t i c   s t i r r e r .   F i l t e r   t h r o u g h   a  M h a t m a n   No.  1 

p a p e r   i n  a   4 . 2 5   cm.  B u c h n e r   f u n n e l   as  b e f o r e   i n t o  

a  p o l y e t h y l e n e   b e a k e r .  

6.  C o m b i n e   t h e   f i l t r a t e s   f r o m  s t e p s  4   and  5  a s  

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

F a c t o r   V I I I   c a n   be  r e m o v e d   in   t h e   f o l l o w i n g  

s t e p s .  

For   s c r e e n i n g   p u r p o s e s   10  ml .   a l i q u o t s   of  t h i s  

F a c t o r   I X  d e f i c i e n t   p l a s m a   w e r e   u s e d   in   t h e   f o l l o w i n g  

F a c t o r   V I I I   f r a c t i o n a t i o n   p r o c e d u r e .   W i t h   p r o p e r   e q u i p -  

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

to   r e m o v e   F a c t o r   V I I I   f r o m   1 - l i t e r   p o r t i o n s   of  F a c t o r   I X  

d e f i c i e n t  u n d i l u t e d   p l a s m a .  



7.  D i s p e r s e   0 . 5 0   g r a m s   of  t h e   p o l y e l e c t r o l y t e   t o  

be  u s e d   i n   10  ml .   of   0 . 1 5 4 M .   s a l i n e   and  a d j u s t  

t h e   pH  to   4 .0   w i t h   e i t h e r   1.ON  H C l - o r   1 .OM 

c i t r i c   a c i d .   C i t r i c   a c i d   g e n e r a l l y   i s   p r e f e r r e d  

b e c a u s e   of  i t s   s t a b i l i z i n g   e f f e c t   on  F a c t o r  

V I I I .   I f   t h e   a m i n e   f o r m   of   t h e   p o l y e l e c t r o l y t e  

i s   u s e d   t h e   pH  i s   a d j u s t e d   w i t h   e i t h e r   HC1  o r  

c i t r i c   a c i d ,   h o w e v e r   i f   t h e   p r e f o r m e d   HC1  s a l t  

f o r m   i s   u s e d   t h e   pH  w i l l   be  c l o s e   to   4 . 0   u p o n  

d i s p e r s i o n .   A l l   of  t h e   f o l l o w i n g   o p e r a t i o n s  

u s i n g   t h i s   10  ml .   s i z e  a l i q u o t   w e r e   d o n e   i n  

50  m l .   p o l y p r o p y l e n e   or  p o l y c a r b o n a t e   c e n t r i f u g e  

t u b e s .   S t i r r i n g   was  d o n e   w i t h   v e r y   s m a l l  

m a g n e t i c   b a r s .  

8.  C e n t r i f u g e   t h e   d i s p e r s i o n   f r o m   S t e p   7  f o r   5  m i n .  

a t   2000  r . p . m .   and  d i s c a r d   t h e   s u p e r n a t e .  

9.  Add  10  ml .   of   0 . 1 5 4 M   s a l i n e   a n d   c a r e f u l l y   a d j u s t  

t h e   pH  to  5 .8   w i t h   e i t h e r   1 . 0   or  0 . l N   NaOH.  

10 .   C e n t r i f u g e   t h e   d i s p e r s i o n   f r o m   S t e p   9  f o r   5  m i n .  

.  a t   2000  r . p . m .   and  d i s c a r d   t h e   s u p e r n a t e .  

11 .   C a r e f u l l y   a d j u s t   t h e   F a c t o r   IX  d e f i c i e n t   p l a s m a  

f r o m   S t e p   6  t o   5 .8   w i t h   1.0M  c i t r i c   a c i d .  

12 .   Add  a  10  m l .   a l i q u o t   of   t h e   p l a s m a   f r o m   S t e p   1 1  

to   t h e   s e d i m e n t e d   p o l y e l e c t r o l y t e   f r o m   S t e p   1 0 .  

S t i r   f o r   20  m i n u t e s   m a i n t a i n i n g   t h e   pH  a t   5 . 8 .  



13.  C e n t r i f u g e  f o r   5  m i n .   a t   2000  r . p . m .  

14.   Remove   a  p r o p e r   s a m p l e   of   s u p e r n a t e   f r o m  

S t e p   13  f o r   F a c t o r   V I I I   ( n o n - a d s o r b e d )  

a s s a y s   ( S e e   a s s a y   m e t h o d s   in   e x a m p l e   1 5 ) .  

D i s c a r d   t h e   r e s t   of  t h e   s u p e r n a t e .  

15.   A d d  1 9   ml .   o f  0 . 1 5 4 M   s a l i n e   to   t h e  p o l y m e r -  

F a c t o r   V I I I   c o m p l e x   f r o m   S t e p   13 .   s t i r   5  m i r . ,  

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

1 5 .   Add  10  ml.   of  1 . 7 M  s a l i n e   t c   t h e   p o l y m e r - F a c t o r  

V I I I   c o m p l e x   f rom  S t e p   15  and  a d j u s t   t h e   pH 

t o  6 . 3   w i t h   C.10M  c i t r i c   a c i d   to   e l u t e   t h e  

F a c t o r   V I I I .  

17 .   S t i r   f o r   20  m i n u t e s   k e e p i n g   t h e   pH  a t   6 . 0 .  

13.  C e n t r i f u g e  5   m i n .   a t   2000  r . p . m .   a n d  r e m o v e  

a  p r o p e r   s a m p l e   o f  t h e   s u p e r n a t e   f o r   F a c t o r  

V I I I   ( r e c o v e r e d )   a s s a y s .   D i s c a r d   t h e  

r e m a i n i n g   s u p e r n a t e .  

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

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

and  e l u t i o n   m e t h o d s   t h e   a b o v e   m e t h o d   was  u s e d   f o r   1 - l i t e r  

s i z e   f r a c t i c n a t i o n s  o f   F a c t o r   V I I I ,   f r o m   S t e p   6,  u s i n g  

60  g.  of  p o l y e l e c t r o l y t e   p e r   l i t e r   of  p l a s m a .   A g a i n ,  

a s s a y   f o r   F a c t o r   V I I I   was  p e r f o r m e d   on  S t e p   14  f i l t r a t e  

( n o n - a d s o r b e d   F a c t o r   V I I I )   and  on  S t e p   18  f i l t r a t e   f o r  

F a c t o r   V I I I   r e c o v e r y .  



EXAMPLE  15 

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

r e s i n s   p r e v i o u s l y   d e s c r i b e d   w i t h   r e s p e c t   to   (.1)  r e c o v e r y  

( c o m p a r a t i v e   y i e l d )   of  F a c t o r   V I I I   (AHF)  f r o m   u n d i l u t e d  

human  p l a s m a   b y  t h e   m e t h o d o l o g y   of  E x a m p l e   14  a n d  

(2)   t h e   c o m p a r a t i v e   l e v e l   of  a c t i v a t i o n   of  t h e   F a c t o r  

V I I I   so  o b t a i n e d .  

1)  R e c o v e r y   o r  y i e l d   of  F a c t o r   V I I I  

A  t w o - s t a g e   a s s a y   f o r   m e a s u r e m e n t   of  AHF  w a s  

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

t e s t   as  d e s c r i b e d   by  R.  J .   B i g g s   and  A.  S.  D o u g l a s ,  

"The  T h r o m b o p l a s t i n   G e n e r a t i o n   T e s t   ( T G T " ,  

J .   C l i n .   P a t h o l .   1,  1 5 - 2 2   C 1 9 5 3 ) .   E s s e n t i a l l y ,   t h i s  

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

p l a s m a   ( f r e s h - p l a t e l e t - p o o r ) a f t e r   g e n e r a t i o n   of   a n  

i n t e r m e d i a t e   l e v e l   of  c l o t t i n g   a c t i v i t y   by  t h e   t i m e  

c o n t r o l l e d   a d d i t i o n   of  r e q u i r e d   c l o t t i n g   f a c t o r s   f r o m  

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

in   v i t r o   c l o t t i n g   t i m e s   ( 1 2 - 2 0   s e c . )   a r e   F a c t o r s   X I I ,  

XI ,   IX,   V I I I ,   V,  p h o s p h o l i p i d   and  C a C l 2 .   T h e s e   f a c t o r s  

a r e  p r o v i d e d   by  t h e   i n i t i a l   c h a r g e s   of  C a C l 2 ,   h u m a n  

s e r u m   f o r   F a c t o r s   X I I ,   XI  and  IX,   b o v i n e   s e r u m   f o r  

F a c t o r   V  and  a  c h l o r o f o r m   human   b r a i n   e x t r a c t   f o r  

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

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

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

F r e s h   p l a s m a   c o n t r o l   ( s ame   p l a s m a   u s e d   f o r   F a c t o r   V I I I  

f r a c t i o n a t i o n )   or  f i n a l   AHF  e l u e n t s ,   a t   p r o p e r   d i l u t i o n ,  

a r e   a d d e d   as  t h e   m e a s u r a b l e   F a c t o r   V I I I   s o u r c e   b e f o r e  

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



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

known  A H F  c e m e n t   s t a n d a r d i z e d   a g a i n s t   a  S q u i b b  

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

w h i c h  c o n t a i n e d  1   u n i t  o f   AHF  p e r   ml .   The  s t a n d a r d  

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

of  AHF  a c t i v i t y   p e r   ml .   ( d i l u t i o n s   cf   a b o v e   p l a s m a  

c e n t r o l   on  l o g - l o g   p a p e r .   AHF  c o n t e n t   in  u n i t s / m l .  

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

S t a n d a r d  c u r v e s   w e r e   p r e p a r e d   f o r   e a c h   d a y s   r u n   of  AHF 

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

The  e n t i r e   a s s a y  w a s   t i m e   and  T e m p e r a t u r e  

c o n t r o l l e d   u s i n g  a   BBL  F i b r o m e t e r   " F i b r o   S y s t e m ™ , , ,  

d i s t r i b u t e d   by  the   B B L  D i v i s i o n   of  B e c t o n ,   D i c k i n s o n  

and  Co.  ,   C o c k e y s v i l l e ,   M a r y l a n d ,   e q u i p p e d   w i t h   t w o  

T h e r m a l   P r e p   B l o c k   h e a t i n g   u n i t s   and  a  t i m e  c o n t r o l l i n g  

a u t o m a t i c   p i p e t t e .  

2)  AHF  A c t i v a t i o n  A s s a v  

The  a s s a y  w a s   d e s i g n e d   to   m e a s u r e   r e l a t i v e  

a c t i v a t i o n   t i m e s   of  AHF  ( F a c t o r   V I I I )   o u t s i d e   t h e   p l a s m a  

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

t h r o m b o p l a s t i n   t i m e   t e s t .   In  t h i s   t e s t   o n l y   p h o s p h o l i p i d  

and  CaCl2   w e r e   a d d e d   to   t h e   p l a t e l e t   p o o r   p l a s m a  

s u b s t r a t e .   C l o t t i n g   t i m e s  w e r e   m e a s u r e d   on  t h e   BBL 

F i b r o m e t e r   by  a d d i n g   p r o p e r   t e s t   AHF  d i l u t i o n s   to   t h e  

p l a s m a   s u b s t r a t e .   A  n o n - a c t i v a t e d   p l a s m a   c o n t r o l   i n  

t h i s   t e s t   c o n s i s t e n t l y   g a v e   c l o t t i n g   t i m e s   of  o v e r   1 9 0  

s e c o n d s .  



F a s t e r   c l o t t i n g   t i m e s   b e l o w   150  s e c o n d s   a r e   i n d i c a t i v e  

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

Two  c o n t r o l s   of  f a s t   c l o t t i n g   t i m e   p r e p a r a t i o n s   as  w e l l  

as  a  p l a s m a   and  b l a n k   b u f f e r   c o n t r o l   w e r e   r u n  w i t h   e a c h  

s e r i e s   of  a c t i v a t i o n   d e t e r m i n a t i o n s .  

R e c o v e r y   a s s a y s   w e r e   r u n   on  s u p e r n a t e s   f r o m  

S t e p s   14  and  18  of  E x a m p l e  1 4   w h i l e   a c t i v a t i o n   a s s a y s  

w e r e   r u n   on  S t e p   18  s u p e r n a t e s .   A l l   s u p e r n a t e s   w e r e  

p r o p e r l y   d i l u t e d   in   i m i d a z o l e   b u f f e r   to   g i v e   f i n a l  

s a l i n e   l e v e l s   b e l o w   0 . 0 8   M o l a r .  

EXAMPLE 

AHF  y i e l d   and  A c t i v a t i o n   of  m a t e r i a l s   p r e p a r e d   b y  

E x a m p l e s   u s i n g   10  m l   P l a s m a  F r a c t i o n a t i o n   of  E x a m p l e   1 4 .  

The  w i d e   v a r i e t y   of   m a t e r i a l s   p r e p a r e d   b y  

E x a m p l e s   1  t h r o u g h   13  w e r e   e v a l u a t e d   f o r   F a c t o r   V I I I  

f r a c t i o n a t i o n   and  a c t i v a t i o n   by  t h e   p r o c e d u r e   in   E x a m p l e  

14  and  a s s a y e d   f o r   t h e s e   p a r a m e t e r s   by  E x a m p l e   15  

a s s a y s .   The  r e s u l t s   g i v e n   b e l o w   a r e   f o r   f r a c t i o n a t i o n s  

u s i n g   10  ml .   p l a s m a   and  u s i n g   f r o m   0 . 1   to   0 .8   g.  PE  p e r  

10  ml .   p l a s m a .   P r e - p H i n g ,   f o r   PEs  p r e p a r e d   and   u s e d  

as  t h e   a m i n e   f o r m   ( s e e   S t e p   7,  E x a m p l e  1 4 )   f o r m e d   t h e  

" i n   s i t u "   s a l t   d u r i n g   t he   f r a c t i o n a t i o n   p r o c e d u r e   and  w a s  

d o n e   e i t h e r   w i t h   HC1  or  c i t r i c   a c i d   as  n o t e d .  



The  p l a s m a ,   as  i n d i c a t e d   i n   E x a m p l e   1 4 ,   v a r i e d  

f r o m   b a t c h - t o - b a t c h ,   and  w i n t e r   t o   summer   i n   t o t a l  

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

u s e d   f o r   t h e s e   s t u d i e s   v a r i e d   i n   AHF  ( F a c t o r   V I I I )  

c o n t e n t   f r o m  0 . 8   to   1 .3   u n i t s   p e r   ml .   as  a s s a y e d   u n d e r  

E x a m p l e   1 5  -  A s s a y  -  1 .   The  c l o t t i n g   t i m e   of  t h e  

p l a s m a ,   u s i n g   t h e   a c t i v a t i o n   t e s t   ( E x a m p l e   1 5  -   A s s a y - 2 )  

v a r i e d   b e t w e e n   185  and  2-0  s e c o n d s .  

In   t h e   f o l l o w i n g   t a b l e :  



















EXAMPLE  17  

S e v e r a l   p o l y e l e c t r o l y t e s   p r e p a r e d   w i t h   m e t h o x y -  

p r o p y l   a m i n e   and  d e s c r i b e d   in   t h e   p r e v i o u s   E x a m p l e s   1 

t h r o u g h   13  w e r e   u s e d   to   f r a c t i o n a t e   t h e   F a c t o r   V I I I   f r o m  

l i t e r   s i z e   p l a s m a   p o o l s   u s i n g   t h e   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   la  b u t   w i t h   p r o p e r   m o d i f i c a t i o n s   in   e q u i p m e n t  

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

s i z e   o p e r a t i o n .  





EXAMPLE  18 

Two  s a m p l e s   of  AHF  ( F a c t o r   V I I I )   p r e p a r e d   u s i n g   p o l y -  

e l e c t r o l y t e s   f r o m   E x a m p l e   1  and  E x a m p l e   7  r u n   2  w e r e  

c o m p a r e d   f o r   t o x i c  m a n i f e s t a t i o n s   by  I . V .   i n j e c t i o n  

i n t o   b e a g l e   d o g s .   Dogs  of  8-9  kg .   w e i g h t   w e r e   u s e d   a n d  

t h e   AHF  was  p r e p a r e d   in  s t e r i l e   w a t e r   a t   10  u n i t s   p e r  
ml .   S i n g l e   d o s e s   o f  1 0 0   u n i t s   (10  m l . )   w e r e   g i v e n   t o  

e a c h   d o g .   The  f o l l o w i n g   r e s u l t s   we re   n o t e d .  

1.  V i a   f e m o r a l   c a t h e t o r   c o n n e c t e d   t o   a  r e c o r d i n g  

p h y s i o g r a p h   f o r   b l o o d   p r e s s u r e   and  p u l s e .  

2.  Via  a  C o u l t e r   c o u n t e r  

3.  Via   a  H e m o c y t o m e t e r  

4.  Run  on  a  T e c h n i c o n   SMAC  s y s t e m   (18  a s s a y s ) .  



T h e  a b o v e   r e s u l t s   show  a  t o t a l   l a c k   o f  

t o x i c   e f f e c t s   f o r   t h e  p o l y e l e c t r o l y t e   d e r i v e d   F a c t o r  

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

i n  d i s t i n c t   c o n t r a s t   t o  s e v e r a l   s e v e r a l  s e v e r e   s e v e r e   t o x i c  e f f e c t s  

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

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

w a s  p e r f o r m e d  



1.  A  w a t e r - i n s o l u b l e ,   c r o s s - l i n k e d   p o l y e l e c t r o l y t e  
c o p o l y m e r   c h a r a c t e r i z e d   by  (a)   an  u n s a t u r a t e d   m o n o m e r  

h a v i n g   f rom  2  t o   a b o u t   18  c a r b o n   a t o m s   and  (b)  a  m o n o m e r  
s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  u n s a t u r a t e d   p o l y -  

c a r b o x y l i c   a c i d   or  a n h y d r i d e   h a v i n g   f rom  4  to   a b o u t   1 2  

c a r b o n   a t o m s ,   s a i d   c o p o l y m e r   h a v i n g   f rom  2 - 1 0 0 %   of   i t s  

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

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

l i m i d e   and   l o w e r a l k y l i m i n o d i ( l o w e r a l k y l i m i d e ) ,   and  s a i d  

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

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

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

f a c t o r   f r o m   o t h e r  b l o o d   p r o t e i n s   I n  a   f l u i d   med ium  w i t h -  

o u t   t h e r e b y   c a u s i n g   any  s u b s t a n t i a l   p r e - a c t i v a t i o n   o f  

s a i d   c o a g u l a t i o n   f a c t o r .  

2.  A  p o l y e l e c t r o l y t e   of  C l a i m   1  c h a r a c t e r i z e d   i n  

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

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

of   e t h y l e n e ,   s t y r e n e   and  i s o b u t y l e n e .  

3.  A  p o l y e l e c t r o l y t e   of  C l a i m   1  c h a r a c t e r i z e d   i n  

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

a c i d   or  a n h y d r i d e .  

4.  A  p o l y e l e c t r o l y t e   of  any   o f  C l a i m s   1  t o   3  

c h a r a c t e r i z e d   in  t h a t   t h e   f r e e   a n h y d r i d e s   a r e   b l o c k e d   w i t h  



an  a l k o x y a l k y l a m i n e   b l o c k i n g   a g e n t .  

5.  A  p o l y e l e c t r o l y t e   of  C l a i m   4  c h a r a c t e r i z e d   i n  

t h a t   t h e   a l k o x y a l k y l a m i n e   b l o c k i n g  a g e n t   i s   m e t h o x y p r o p y -  

l a m i n e .  

6.  A  p o l y e l e c t r o l y t e   of  C l a i m   4 c h a r a c t e r i z e d   in  t h a t  

t h e   a l k o x y a l k y l a m i n e   b l o c k i n g   a g e n t   i s   m e t h o x y e t h y l a m i n e .  
7.  A  m e t h o d   f o r   s e p a r a t i n g   s p e c i f i c   b l o o d   c o a g u l -  

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

a  f l u i d   med ium  c h a r a c t e r i z e d   by  c o n t a c t i n g   s a i d   m e d i u m  

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

c o p o l y m e r   of  (a)   u n s a t u r a t e d   monomer   h a v i n g   f rom  2  t o  

a b o u t   18  c a r b o n   a t o m s   and  (b)  a  monomer   s e l e c t e d   f r o m   t h e  

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

a n h y d r i d e   h a v i n g   f rom  4  t o   a b o u t   12  c a r b o n   a t o m s ,   i n  

w h i c h   2 - 1 0 0 %   of  t h e   c a r b o x y l   s i t e s   a r e   s u b s t i t u t e d   w i t h  

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

a r e   b l o c k e d ,   to   t h e r e b y   s e l e c t i v e l y   a d s o r b   s a i d   s p e c i f i c  

c o a g u l a t i o n   f a c t o r   to  t h e   s u b s t a n t i a l   e x c l u s i o n   of  s a i d  

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

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

8 .   A  m e t h o d   of  C l a i m   7  c h a r a c t e r i z e d   i n   t h a t   t h e  

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

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

s t y r e n e   and   i s o b u t y l e n e .  

9.  A  m e t h o d   of  C l a i m  7   c h a r a c t e r i z e d   in   t h a t   t h e  

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

a n h y d r i d e .  

10.   A  m e t h o d   of  any  of   C l a i m s   7  t o   9  c h a r a c t e r i z e d  

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

l i m i d e .  

11 .   A  m e t h o d   of  any  of   C l a i m s   7  t o   10  c h a r a c t e r i z e d  

in   t h a t   t h e   f r e e   a n h y d r i d e s   a r e   b l o c k e d   w i t h   an  a l k o x y -  

a l k y l a m i n e .  

12 .   A  m e t h o d   of  C l a i m   11  c h a r a c t e r i z e d   in   t h a t   t h e  

a l k o x y a l k y l a m i n e   b l o c k i n g   a g e n t   i s   m e t h o x y p r o p y l a m i n e .  

13 .   A  m e t h o d   of  C l a i m   11  c h a r a c t e r i z e d   in   t h a t   t h e  



a l k o x y a l k y l a m i n e   b l o c k i n g   a g e n t   i s   m e t h o x y e t h y l e n e .  

14 .   A  m e t h o d   of  any  of  C l a i m s  7   to   13  c h a r a c t e r i z e d  

in   t h a t   t h e   s p e c i f i c   c o a g u l a t i o n   f a c t o r   i s   F a c t o r   V I I I  

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

o u t   a t   a  pH  r a n g i n g   f rom  a b o u t   5 . 5   to   a b o u t   9 . 5 .  
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