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SOME NEW POLYPIERS, THEIR SYNTHESES AND PROPERTIES 

G.J. SMETS 
Department of Chemistry, Katholieke Universiteit te Leuven 

Louvain, Belgium 

ABSTRACT 

The synthesis of polyampholytes with small repeat unit has 
been achieved by cationic ring opening polymerization of N-
substituted carboxymethy 1 aziridines, followed by alkaline 
hydrolysis of the polyamino carboxylic acid ester. Using 
this two-step method, N- isopropy 1 - 2 -carboxymethy 1-aziridine 
has been transformed into 

COOH I 
N CH CH_ [PICEI] 

C3 H7 
Similarly optically active L- and racemic N-propyleneglycine 
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id dissociation constants of these poly-a-amino-car-
s have been determined on the basis of the Henderson 
equation, as modified by Katchalsky and Spitnik. 
lexation properties towards bivalent metal ions were 
mined using the classical Bjerrum method; the d i a -
cated a limited value of two repeat-unit per metal 
complex formation constants are equivalent for race-
PPG; they are appreciably higher for PPG than for 
are compared with the complex formation constants 

ow molecular weight homologues. The equilibrium 
g capacities of cross-linked PPG depend strongly on 
of the metal and on the pH of the solution. 

In the second part of the lecture, the syntheses of unsubsti-
tuted and substituted N-viny 1-vic.triazole s are described on 
the basis of the dipolar cycloaddition of alkyl/aryl azides 
with unsaturated compounds. Similarly, vinyl tetrazo1inones 
were obtained by eye lo addition of azides to aromatic isocyana-
tes and ary Isulfonisocyanates. The polymerization behavior 
as well as some characteristic properties of these derivatives 
are further considered. 
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I N T R 3 D U C T I D N  

D u r i n g  t h e  if st d e c a d e  s e v e r a l  r e s e a r c h e s  h a v e  b e e n  d e v o t e d  
t o  t h e  s t u d y  o f  t h e  r i n g - o p e n i n g  p o l y m e r i z a t i o n  o f  r i n g  com- 
~ o u n d s  c o n t a i n i n g  o n e  o r  1po1-9 n e t e r o a t o m s .  M u c h  p r o p ~ e 5 s  
h a s  o e e n  a c h i e v e d  i n  o u r  k n d e d g e s  a b o u t  t h e i r  r e a c t i o n  
m e c h a n i s m ;  t h e  r e l a t i o n s h i p  a e t w e e n  r i n g  s i z e  a n d  p o l y m e r i z a -  
b i l i t y  i s  u n d o u b t e d l y  o n e  o f  t h e  m o s t  f u n d a m e n t a l  p r o b l e m s  
i n  t h i s  d o m a i n .  F r o r  t h e  o r g a n i c  p o i n t  o f  v i e w  r i n g - o p e n i n g  
p o l y m e r i z a t i o n  o f f e r s  t h e  p o s s i k i l i t y  t o  p r e p a r e  r e g u l a r  
p o l y m e r s  w i t h  p r e d e t e r m i n e d  s e q u e n c e  l e n g t h ,  d e p e n d i n g  o n  
t h e  n u m b e r  fi o f  r i n g - c a r b o n - a t o m s .  i n  w h i c h  t h e  h e t e r o a t o r n  
7 w i l l  a l t e r n a t e  w i t h  t h e  p c l y r n e t h y l e n e  s e q u e n c e .  

e 
x l C H  Z - [ - [ C H 2 1 n  - 2 - 1  

2 2) 

T h i s  p o l y m e r i z a t i o n  p r i n c i p l e  h a s  b e e n  a p p l i e d  t o  t h e  s y n -  
t h e s i s  o f  s o m e  new p o l y a m p h o l y t e s .  b a s e d  o n  t h e  r i n g - o p e n i n g  
p o l y m e r i z a t i o n  o f  a z i r i d i n e  d e r i v a t i v e s .  a n d  o n  w h i c h  F r J p e r -  
t i e s  we w i l l  r e p o r t  i n  t h e  f i r s t  p a r t  o f  t h i s  l e c t u r e .  

On t h e  o t h e r  h a n d ,  c y c l o a o d i t i o n  r e a c t i o n s  h a v e  b e e n  l a r g e l y  
i n v e s t i g a t e d  d u r i n g  t h e  l a s t  y e a r s  i n  o r d e r  t o  s y n t n e s i z e  
s i n g l e  s t r a n d  a n d  l a d o e r  c o l y m e r s ;  s o m e  o f  t h e s e  s y ~ t h e s e s  
S W E ~ E  r ~ c e n t l y  r e v i e w e d  b j (  S t i l l e  ( 1 ) .  C y c l o a d d i t i o ~  p e r m i t s  
h o u e v e r  a 1 5 3  t o  s y n t h e s i z e  e a s i l y  new v i n y l  d e r i v b t i v e s  c o n -  
f a i n i n g  t h r e e  a n d  f c u r  h e t e r a - ? t o m s  i n t o  t h e i r  r i n g .  S c a r c ~  
a r e  t h e  3 a t a  o f  t h e  l i t t e r a t u r ~  z o n c e r n i n g  t h e i r  s y n t h e s e s .  
t h e i r  p o l y m e r i z a t l o c  S e l a v i o r  a n d  t h s  i n f l u e n c e  o f  t h e  a c - u -  
m u l a t i c n  o f  h e t e r o a t o m s  o n  t ? e i r  r s a c t i v i t i e s .  T h e r e f c r a  i n  
t r , B  s e c o n d  p a r t  c f  t h i ;  l a c t u r e ,  w e  w i l l  r e p o r t  a 3 o u t  r e c f n - .  
r e s u l t s  c c n c e r n i n g  n e k  t r l a z 3 1 z s  a r i d  t e t r a z o l i n o n e s ,  ~ n d  d e c -  
c r i b *  5oine o f  t h e i r  c h e r e c t f r l s t i c  p r o p e r t i e s .  

I S Y N T H E T I C  PDLYANPHOLYTES 

[ w i t h  c o l l a b o r a t i o n  o f  O r .  J .  V a n d ~  D u t t e  a n d  O r .  C .  San:!'r,) 

I t  i s  well k n o w n  t h a t  t h e  s y n t P , e s i s  o f  p o l y m e r i c  a m p h o l y t e s  
car, e a s i l y  b e  c a r r i e d  o u t  b y  d i r e c t  c o p o l y m e r i z a t i o n  o f  a n  
a c l d i c  a n d  a b a s i c  v i n y l  m o n o m e r ,  e . g .  a c r y l i c  a c i d  a n d  v 1 -  
n y l p i r i d i n e .  T h e s e  c a p o l y m e r s  p r e s e n t  h o w e v e r  a g r e a t  d i s -  
a d v a r . t a g ;  : t h e i r  i f i t e r n d l  s t r u c r t u r e  i s  o n l y  k n o w n  o n  a s t a -  
t i s t i c a l  b a s i s .  r e s u l t i n g  f r o r r .  t h e  c o r r e s p o n d i n g  c o p o l y m e r i -  
z a t i o n  p a r a m e t e r s .  I n  3 u r  k - l o i e d g e  t h e  m o n o m e r  S E q u e n c e s  
d i s t r i b u t i o n  e . g .  t r i a d e s  a s  d e t e r m i n e d  b y  n u c l ~ a r  m a g n ~ t i c  
r e s c r . a r , c p  h a s  n o t  b ~ e n  d e s c r i t e d  up t o  n o w .  On t h e  o t ? e r  h a n d  
t h e i r  c o n s t i t u t i o n  a m p h o l y t e  L a s e - u n l t  h a s  a r e l a t i v e l y  h l g h  
m o l e c u l a r  w e i g h t .  w h i c h  c a u s z s  a l o w  s o l u b i l i t y  o r  p r e c i p i -  
t a t i o n  I n  t h e  r e g i o n  o f  t h e  i s o e l e c t r i c  p o i n t .  
S i m i l a r  o b j e c t i o n s  a r e  a l s o  a p p l i c a b l e  t o  c o p o l y m e r s  r a s u l -  
t l n g  f r o m  c h e m i c a l  m o d i f i c a t i o n  c f  p r e e x i s t i n g  p o ' l y m e r s  : 
t h e  i n f l u e n c e  o f  t h e  n e i g h b o r 5 r . g  g r o u p ,  f u n c t i o n a l  i n t e r -  
a c t i o n ,  v a r i a t i o n  o f  c h a r g E  c i s t r i b u t i o n  i n  t h e  c o u r s e  o f  
r e a c t i o n  a n d  i n c r e a s e d  s t e r i c  h i n d r a n c e  a r e  o f t e n  r e s p o n s i -  
b l e  f o r  l i m i t e d  d e g r e e s  o f  c a n v e r ~ i o n  a n d  " s e c o n d a r y "  e f f e c t s  
w h i c h  m a k e  t h e  i i t e r n a l  s t r u c t u r e  e v e n  m o r e  u n d e f i n e d .  I t  
s e e m e d  t h e r e f o r e  n e c e s s a r y  t o  c o n s i d e r  a n o t h e r  a p p r o a c h  t o  
t h e  9 r o b l e m .  i f  o n e  d e s i r e s  t o  o b t a i n  h i g h  m o l e c u l a r  w e i g h t  
p o i y a m p h o l y t e s  w i t h  a l t e r n a t i n g  s t r u c t u r e s .  
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D i f f e r e n t a t t e m p t s h a v e b e e n d e s c r i o e d r e c e n t l y ir, the l i t e r a 
t u r e , and w i l l be s h o r t l y r e v i e w e d . 
P a n z i K and M u l v a n e y used the p r i n c i p l e cf the c y c l o p o l y m e r i -
z a t i o n of N - 2 - p h e n y l a l l y l a c r y l a m i d e , w h e r e b o t h u n s a t u r a t e d 
u n i t s are ii n K e d by an h y d r o l y z a b l e a m i d e g r o u p . [2) 
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W C H 3 
CH sCH-CO-N N-CO-CHsCH »HN NH 

2 \ f 2 \ / 

-N N-CH - C H - C O - N N - C O - C H - C H -
V _ y 2 2 \__/ 2 2 

«"»Sci, " °'81 
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o r w i t h a p r i m a r y a m i n e 

CH /-y 3 
CH »CH-CO-N N-CO-CHsCH.-H-N-H _ 

2 \ / 7 ! 

CH, C H 3 

r< 3 
-N-CH -CH -CO-N N-CO-CH -CH -

I 2 2 \ / 2 2 

LCH3 
( n ) ^ c i 3

e ° '43 
_JX 

With glycine [or ß - a l a n i n e ) , in the presence of a volatile 
tertiary amine, one obtains with 1.4. acrylylpiperazine : 

Γ ^ 
-N-CH - C H - C O - N N-CO-CH, -CH ■ 

[_l 2 2 W 2 2_,χ 
?H2 
COOH 

'inh = 0 ,12 (CH3OH) water : 9/1) 


