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A b s t r a c t

ZV/ITTERION POLYMERIZATION OF 2-METHYL-2-OXAZOLINE AND

ACRYLIC ACID 

By

P a t h i r a j a  A G u n a t i l l a k e  

A d v i s e r :  P r o f e s s o r  G eo rg e  Odian

The z w i t t e r i o n  p o l y m e r i z a t i o n  o f  2 - m e t h y l - 2 -  

o x a z o l i n e ( MeOXO) and a c r y l i c  a c i d  (AA) h a s  b e e n  i n v e s t i g a t e d  

i n  b u l k  and s o l u t i o n  ( DMF and a c e t o n i t r i l e )  a t  6 0 - 7 0 ° C .  

V a r i a t i o n  o f  r e a c t i o n ' c o n d i t i o n s  s u c h  a s  t e m p e r a t u r e ,  m e th o d s  

o f  monomer a d d i t i o n ,  h i g h  vacuum c o n d i t i o n s  t o  a v o i d  a d v e n t ­

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

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

h a v i n g  number a v e r a g e  m o l e c u l a r  w e i g h t s  i n  t h e  r a n g e  5 9 0 - 2 7 6 0  

a s  d e t e r m i n e d  by  v a p o r  p r e s s u r e  o s m o m e t r y . T h r e e  s t a g e  

p o l y m e r i z a t i o n  sh o w e d  t h a t  t h e  MeOXO-AA monomer s y s t e m  d o e s  

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

c o m p o s i t i o n  w as  e s t a b i l i s h e d  a s  1 : 1  ( MeOXO:AA) by p r o t o n
13NMR.Proton an d  C NMR s p e c t r o s c o p y  i d e n t i f i e d  t h e  r e p e a t i n g  

u n i t  a s  -CH2CH2N(COCHgJCHgCHgCOO- and t h e  end g r o u p s  a s  

o l e f i n i c (  CH2 = C H C 00- ) ,  c a r b o x y l (  -C00H ) and a c e t a m i d o  

( -NHC0CH-).  I n f r a r e d  s p e c t r o s c o p y  s u p p o r t s  t h e  NMR r e s u l t s .  

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

c o m p o s i t i o n  and i d e n t i t y  o f  t h e  e n d  g r o u p s .  N - ( 2 - h y d r o x y -  

e t h y l ) - / S - a l a n i n e  ( f r o m  t h e  r e p e a t i n g  u n i t )  was  i s o l a t e d  

from t h e  h y d r o l y s i s  p r o d u c t s  o f  t h e  c o p o l y m e r . P r e s e n c e  o f
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a c r y l i c  a c i d  ( from  t h e  o l e f i n i c  end  g r o u p )  and a c e t i c  

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

was c o n f i r m e d  by GC and a n a l y t i c a l  HPLC. P r e s e n c e  o f  

e t h a n o l a m i n e  ( from t h e  a c e t a m i d o  end  g r o u p )  was c o n f i r m e d  

by i s o l a t i n g  i t  a s  t h e  d i b e n z o y l  d e r i v a t i v e .  H igh  p e r f o r m a n c e  

l i q u i d  c h r o m a t o g r a p h y  showed t h a t  t h e  c o p o l y m e r  p r o d u c t  

c o n s i s t s  o f  d i f f e r e n t - s i z e d  m o l e c u l e s  and n o t  a l l  m o l e c u l e s  

have  t h e  same two end  g r o u p s .  Some m o l e c u l e s  had o l e f i n i c  

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

end g r o u p s . A  m ech an ism  i s  p r o p o s e d  t o  d e s c r i b e  t h e  MeOXO-AA 

p o ly m e r iz a t io n .M e O X O  and AA fo r m s  a  g e n e t i c  z w i t t e r i o n  

w h ic h  i s  r e s p o n s i b l e  f o r  i n i t i a t i o n  . P o ly m e r  g r o w th  i n v o l v e s  

v a r i o u s - s i z e d  z w i t t e r i o n s  r e a c t i n g  w i t h  e a c h  o t h e r  and w i t h  

t h e  g e n e t i c  z w i t t e r i o n  by a  r i n g  o p e n i n g  a t t a c k  o f  c a r b o x y l -  

a t e  a n i o n  on t h e  q u a t e r n e r y  MeOXO r i n g .  T e r m i n a t i o n  o c c u r s  

by r e a c t i o n  o f  g r o w i n g  z w i t t e r i o n s  b o t h  w i t h  a c r y l i c  a c i d  

and w i t h  a q u a t e r n i z e d  M eOXO-acrylate  s a l t (  form ed  by p r o t o n  

t r a n s f e r  b e t w e e n  MeOXO-AA ) .  D i r e c t  NMR a n a l y s i s  o f  t h e  

p o l y m e r i z i n g  MeOXO-AA s y s t e m  g a v e  e v i d e n c e  f o r  t h e  g e n e t i c  

z w i t t e r i o n  and e a r l y  t e r m i n a t i o n  o f  g r o w i n g  z w i t t e r i o n s  

by r e a c t i o n  w i t h  q u a t e r n i z e d  M eO X O -acry la te  s a l t .
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1 . 0  IN T R O D U C T IO N

Z w i t t e r i o n  p o l y m e r i z a t i o n  i s  a  r e c e n t l y  d i s c o v e r e d  

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

n u c l e o p h i l i c  ( N ) and e l e c t r o p h i l i c  ( E ) monomers .

S a e g u s a  and c o w o r k e r s  ( 1 - 9  ) h a v e  r e p o r t e d  a  l a r g e  number  

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

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

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

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

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

su c h  a s  p h o s p h o n i t e  , p h o s p h a t e ,  c a r b o x y l a t e  am ide  , c a r ­

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

The N monomers s t u d i e d  i n c l u d e  c y c l i c  im in o  

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

and i m i n e s .  E monomers  i n c l u d e  ^ - p r o p i o l a c t o n e ,  a c r y l i c  

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

( s u l t o n e  ) . T a b l e  1 l i s t s  some o f  t h e  s p e c i f i c  monomers  

t h a t  S a e g u s a  and c o w o r k e r s  s t u d i e d .  S a e g u s a  h a s  p r o p o s e d  

t h e  f o l l o w i n g ,  g e n e r a l  m ech an ism  t o  e x p l a i n  t h e  z v / i t t e r i o n  

p o l y m e r i z a t i o n  o f  N and E m onom ers .  I n i t i a l l y ,  t h e  r e a c t i o n  o f  

n u c l e o p h i l i c  and e l e c t r o p h i l i c  monomers  f o r m s  an i n t e r m e d i ­

a t e  z w i t t e r i o n  w h i c h  i s  r e f e r r e d  t o  a s  t h e  g e n e t i c  z v / i t t e r ­

i o n  ( I ) .

I n i  t i  a t i o n  N + E  ^  +NE ( 1 )

( I )
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The g e n e t i c  z w i t t e r i o n  i s  r e s p o n s i b l e  f o r  i n i t i a t i o n  a s  

w e l l  a s  p r o p a g a t i o n .  Two g e n e t i c  z w i t t e r i o n s  r e a c t  t o  

p r o d u c e  t h e  f i r s t  p r o p a g a t i n g  s p e c i e s  ( I I ) ,  w h ic h  c o n t i n u e s  

t o  grow  by s u c c e s s i v e  r e a c t i o n s  w i t h  t h e  g e n e t i c  z v / i t t e r i o n .

P r o p a g a t i o n

+ NE~ + +NE-  ---------->  +NENE" ( 2 )

( I l a )

+ ME- ( NE) -N E _ + +NE~ ---------- ^  +NE-(NE) -ME-  ( 3 )n n+ jl
( 1 1 b ) ( l i e )

The p r o p a g a t i n g  s p e c i e s  w h ic h  a r e  l a r g e r  t h a n  ( I )  a r e  

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

n o t  o n l y  by t h e  r e a c t i o n  o f  m a c r o z w i t t e r i o n  w i t h  g e n e t i c  . 

z w i t t e r i o n  b u t  a l s o  by t h e  r e a c t i o n  o f  two m a c r o z w i t t e r i o n s .

+N E -(N E )-N E “ + +N E - ( N E ) - N E ~  > +NE-.(NE)m- p p "  ( 4 )

I t  i s  o f  i n t e r e s t  t o  e x p l o r e  t h i s  new t y p e  o f  

p o l y m e r i z a t i o n  r e a c t i o n  a s  a means  o f  s y n t h e s i z i n g  

i n t e r e s t i n g  p o l y m e r  s t r u c t u r e s .  H o w e v e r ,  t h i s  m eth od  h a s  

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

e r s  w i t h  h i g h  enough, m o l e c u l a r  w e i g h t s  f o r  any  p r a c t i c a l  

u t i l i t y . S a e g u s a  and c o w o r k e r s  h a v e  m a i n l y  c o n c e n t r a t e d  on  

i n v e s t i g a t i n g  v a r i o u s  p o s s i b l e  N and E monomer c o m b i n a t i o n s  

u n d e r g o i n g  z v / i t t e r i o n  p o l y m e r i z a t i o n .  The e x p e r i m e n t a l  

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

r e t a i l e d  r e c t i o n  m ech a n ism  and t h e  c o p o l y m e r  s t r u c t u r e .
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::o m e n t i o n  h a s  b e e n  made a b o u t  p o s s i b l e  i r .o d e ( s )  o f  

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

We h a v e  i n v e s t i g a t e d  t h e  z v / i t t e r i o n  p o l y m e r i z a t i o n  

o f  2 - m e t h y l - < - o x a z o l i n e  v / i t h  a c r y l i c  a c i d  , 2 - o x a z o l i n e  v / i t h  

a c r y l i c  a c i d  a n d  2 - o x a z o l i n e  w i t h  ^ J - p r o p i o l a c t o n e  w i t h  t h e  

f o l l o w i n g  o b j e c t i v e s .

a ) . To i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  o f  s y n t h e s i ­

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

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

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

b ) .  To i l l u c i d a t e  t h e  m e c h a n i s m  o f  z v / i t t e r i o n  

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

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

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2 . 0  BACKGROUND

In  1 9 7 2 ,  S a e g u s a  and c o w o r k e r s  ( 1 0 )  r e p o r t e d  

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

2 - o x a z o l i n e  (N monomer) and p - p r o p i o l a c t o n e  w h ic h  p r o c e e d  

v / i t h o u t  t h e  n e e d  o f  a  c a t a l y s t  o r  any ad d ed  i n i t i a t o r  t o  

y i e l d  an a l t e r n a t i n g  c o p o l y m e r .  S i n c e  t h e n  i n  more th a n  

two d o z e n  p u b l i c a t i o n s , t h e y  h a v e  r e p o r t e d  a  l a r g e  number  

o f  N and E monomer p a i r s  u n d e r g o i n g  z w i t t e r i o n  p o l y m e r i z a ­

t i o n  and some o f  t h e  s p e c i f i c  monomers s t u d i e d  a r e  l i s t e d  

i n  T a b l e  I .

T a b l e  1

N u c l e o p h i l i c  Monomers (N)

( R=H,Ph)

E l e c t r o p h i l i c  Monomers

Ph-CH=NPh

■e

CH2 =CHC00H CH2 =CHC0NH2 CH2 =CHCOOCH2 CH2 OH

CH2 = C H S 02 NH2
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The s c o p e  o f  z v / i t t e r i o n  p o l y m e r i z a t i o n  c a n  be  s e e n  by 

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

1 .  2 - O x a z o l i n e  (N) a n d  ^ - p r o p i o l a c t o n e ( E ) o r  

a c r y l i c  a c i d

*CH2 CH2-N -C H 2CH2COO)- ( 5 )  

HCO

2 .  E t h y l e n e  p h e n y l p h o s p h o n i t e  (N) a n d  a c r y l i c  

a c i d  o r  £ - p r o p i o l a c t o n e ( E )

' ° \  r - e5-0
JCK

4CH2CH2 0 - | - C H 2 CH2C00^n ( 6 )

3, 2 - M e t h y l - 2 - o x a z o l i n e  (W) a n d  3 - h y d r o x y - l -  

p r o p a n e  s u l f o n i c  a c i d  s u l t o n e  (E)

so-
4CH„CH -N -C H oCHoCHoS 0 o(U ( 7 )2 2

CH3 CO3
2 " 2  2 2U7n

4 .  E t h y l e n e  p h e n y l p h o s p h o n i t e  (M) a n d  a c r y l a m i d e ( E )

■0 + c h 2 =chcomh2 -
f4 c h 2c h 2- o p - c h 2c h 2 c o n h ) ^  ( 8 )

i

5 .  i l - S e n z y l i d i n e  a n i l i n e  (N) a n d  o C - c h l o r o a c r y l i c  

a c i d  o r  o C - b r o m o a c r y l i c  a c i d  (E )

c h 2 =j - cooh
A

X=C1, 3 r H
c h 2 9 - c o o ) -

■X ( 9 )
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A lt h o u g h  o v e r  25 p a i r s  o f  monomers w h i c h  u n d e r g o  z w i t t e r ­

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

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

t o  e a r l y  t e r m i n a t i o n  o f  c o p o l y m e r  c h a i n s . W i t h  no e x c e p t i o n s  

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

i n v o l v e d  t h e  IR , NMR s p e c t r o s c o p i c  a n a l y s i s  , a l k a l i n e  

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

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

on a  s e l e c t e d  monomer p a i r  , n a m e ly  t h e  OXO-BPL s y s t e m  

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

d e t a i l .

2 . 1  C o p o l y m e r i z a t i o n  o f  2 - o x a z o l i n e  w i t h  p - p r o p i o l a c t o n e

a n a l y s i s  and a l k a l i n e  h y d r o l y s i s  , t h e  f o l l o w i n g  m e c h a n i ­

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

B a s e d  on t h e  r e s u l t s  o f  I R ,  NMR,. e l e m e n t a l

+
O

i n i t i a t i o n

M •CHrjCHo C 0 0 C H o CHo- N - C H o CHo C 0 0
d d d d I d d

HCO

->

I n t e r e s t i n g l y  when a c r y l i c  a c i d  i s  u s e d  i n  p l a c e  o f
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J2> - p r o p i o l a c t o n e  t h e  same p r o d u c t  i s  o b t a i n e d  b e c a u s e  t h e  

i n i t i a l l y  fo r m e d  a n i o n  ( I I I )  u n d e r g o e s  p r o t o n  t r a n s f e r  t o  

y i e l d  t h e  same a n i o n  ( IV )  a s  d o e s  p - p r o p i o l a c t o n e .

The amount o f  e a c h  monomer i n  t h e  c o p o l y m e r  was  d e t e r m i n e d  

by e l e m e n t a l  a n a l y s i s  and H-NMR d a t a .  The p r o t o n  NMR 

s p e c t r u m  o f  a  m i x t u r e  o f  a u t h e n t i c  s a m p l e s  o f  £ J - ( 2 -H y d r o ­

x y  e t h y l  > £ - a l a n i n e  and f o r m i c  a c i d  w as  com pared  w i t h  t h a t  

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

t h e s e  two s p e c t r a  w as  t a k e n  t o  c o n c l u d e  t h e  p r e s e n c e  o f  

ft -(  2- h y d r o x y e t h y l ) - | S - a l a n i n e  ancl f o r m i c  a c i d  a s  h y d r o l y s i s  

p r o d u c t s  e x p e c t e d  f o r  t h e  am ide  e s t e r  s t r u c t u r e  o f  t h e  

c o p o l y m e r  ( V ) . T h e  am id e  e t h e r  s t r u c t u r e  (V I )  w o u ld  h a v e  

r e s u l t e d  d i f f e r e n t  h y d r o l y s i s  p r o d u c t s  ( e q . 1 4 )  o t h e r  t h a n  

( V I I )  and f o r m i c  a c i d .

■NCH-CHCOOH

->
( 10 )

-  ( CH2 CH2 -I jJ -C H 2 CH2 C00-)-n  

HCO
(V)

( 11 )

- ( CH2CH2-Ijl-C0CH2CH2- 0 -  ) n
HCO ( 1 2 )

(V I )
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V ° H. >  HOCH2CH2NHCH2 CH2 COOH + HCOOH ( 1 3 )

( V I I )

VI —2 1 L _ > H2 NCH2CH2OCH2CH2 COOH + HCOOH- ( 1 4 )

S i m i l a r l y  t h e  p r e s e n c e  o f  any random o r  b l o c k  s t r u c t u r e  i n  

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

( V I I )  and f o r m i c  a c i d .

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

a r e  q u a n t i t a t i v e l y  i n c o n c l u s i v e  s i n c e  no a t t e m p t  was made 

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

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

u r e  V f o r  t h e  c o p o l y m e r  no  m e n t i o n  c a n  b e  made a b o u t  t h e  

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

h y d r o l y s i s  p r o d u c t s  . Even t h e  p r o t o n  NMR and IE  s p e c t r o s ­

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

to  u n d e r s t a n d  t h e  n a t u r e  o f  t h e  en d  g r o u p s .

The m o l e c u l a r  w e i g h t  o f  t h e  OXO-BPL c o p o l y m e r  

p r e p a r e d  i n  a c e t o n i t r i l e  a t  25°C h a s  b e e n  r e p o r t e d  t o  be  

3500  ( 1 0 , 1 5 )  . The OXO-BPL s y s t e m  show ed  t h e  c h a r a c t e r i s ­

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

two monomers u n d e r w e n t  c o m p l e t e  p o l y m e r i z a t i o n  and t h e  

m o l e c u l a r  w e i g h t  i n c r e a s e d . H o w e v e r ,  t h e  i n c r e a s e d  MW was  

o n l y  4 0 0 0 . The m o l e c u l a r  w e i g h t  w as  o b s e r v e d  t o  i n c r e a s e  

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

m o l e c u l a r  w e i g h t  o b s e r v e d  was  o n l y  4 1 0 0 .
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T here  was n o t  s u f f i c i e n t  d a t a  t o  i n d i c a t e  t h e  e f f e c t  o f  

s o l v e n t  on c o p o l y m e r i z a t i o n  r e a c t i o n . E x c e p t  f o r  a  v e r y  

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

a r e  u n i f o r m l y  v e r y  lo w  ( 1 0 0 0 - 4 0 0 0 ) .  The h i g h e s t  m o l e c u l a r  

w e i g h t  o b t a i n e d  w as  1 3 , 5 0 0  f o r  t h e  2 - o x a z o l i n e  a c r y l i c  

a c i d  s y s t e m  when t h e  p o l y m e r i z a t i o n  w as  done a t  5 0 - 6 0 ° C  

i n  a c e t o n i t r i l e . H o w e v e r , t h e  m o l e c u l a r  w e i g h t  was  o n l y  

3 7 1 0  when t h e  p o l y m e r i z a t i o n  was done  a t  50°C ( 1 4 ) .

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

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

u r e  and p o l y m e r i z a t i o n  b e h a v i o r ,  i t  a p p e a r s  t h a t  t h e  c o p o ­

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

when t h e  n u c l e o p h i l i c  and e l e c t r o p h i l i c  r e a c t i v i t i e s  o f  

t h e  com onom ers  a r e  n o t  b a l a n c e d  . 2 - 0 x a z o l i n e  and  

^ - p r o p i o l a c t o n e  y i e l d  an a l t e r n a t i n g  c o p o l y m e r  b u t  when 

2- m e t h y l  - 2- o x a z o l i n e  and 2- p h e n y l - 2 - o x a z o l i n e  a r e  r e a c t e d  

w i t h  BPL t h e  c o p o l y m e r  c o n t a i n s  78% and 8 8 % BPL r e s p e c t i v ­

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

t h e  c y c l i c  i m i n o  e t h e r  oxon iu m  i o n  ( V I I I )  and d e c r e a s e s  

i t s  r e a c t i v i t y  t o w a r d s  t h e  c a r b o n y l  en d  o f  a n o t h e r  z w i t t e ­

r i o n  .

( V I I I )  R=CH3 , 0 

By d e f a u l t  , t h e  c a r b o x y l a t e  a n i o n  i n i t i a t e s  t h e  homo-  

p o l y m e n z a t i o n  o f  BPL.
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1 0

With a c r y l i c  a c i d  a s  t h e  e l e c t r o p h i l i c  monomer i n s t e a d  

o f  BPL , e v e n  2 - m e t h y l - 2 - o x a z o l i n e  2 - p h e n y l - 2 - o x a z o l i n e  

a s  w e l l  a s  t h e  u n s u b s t i t u t e d  2- o x a z o l i n e  , y i e l d  a l t e r n a t  

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

a n i o n i c  h o m o p r o p a g a t i o n .

show t h e  f o r m a t i o n  o f  g e n e t i c  z w i t t e r i o n s  d u r i n g  t h e  

c o p o l y m e r i z a t i o n  r e a c t i o n . H o w e v e r ,  i n  t h e  c o p o l y m e r i z a t i o n  

o f  2 - p h e n y l - 5 , 6 - d i h y d r o - 4 H - l , 3 - o x a z i n e  ( 1 4 )  w i t h  a c r y l i c  

a c i d  a  z w i t t e r i o n  i n t e r m e d i a t e  ( I X )  h a s  b e e n  i s o l a t e d  a t

The p o l y m e r i z a t i o n  o f  t h e  i s o l a t e d  z w i t t e r i o n ( I X )  p r o d u c e d  

a c o p o l y m e r  h a v i n g  o n l y  a  m o l e c u l a r  w e i g h t  o f  8 0 0 .

2 . 2  RELATED STUDIES

o t h e r  s t u d i e s  on z w i t t e r i o n  p o l y m e r i z a t i o n .  T a k a s h i ( 1 6 , 1 7 )  

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

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

T h e re  i s  no d i r e c t  e x p e r i m e n t a l  e v i d e n c e  t o

low  t e m p e r a t u r e  (0°C)'

+ CH„=CHC00H ( 1 5 )

( I X )

A s i d e  from  S a e g u s a ' s  work , t h e r e  a r e  s e v e r a l

r*u CO
^  -(CHpCHpNHOCRCOOf
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2

+ CH2= 6 -COOH  - ( C H 2CH2NHCH2CHRCOO)-
(1 7 )

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

z w i t t e r i o n  m e c h a n ism  p r e d a t e  S a e g u s a ' s  e a r l i e s t  r e f e r e n c e . ,  

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

i m i n e s  (X) w i t h ,  c a r b o n y l  s u l f i d e  (X I )  ( 1 8 )  and ^ - l a c t o n e s  

( 1 9 )  and 4 - p h e n y l  - 1 , 2 , 4 , - t r i a z o l i n e - 3 , 5 - d i o n e  w i t h  v i n y l  

e t h e r s  and v i n y l  c a r b a m a t e  ( 2 0 , 2 1 , 2 2 ) .

A l l  o f  t h e s e  s y s t e m s  g a v e  lo w  MW p r o d u c t s  . The p a p e r s  by  

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

e x i s t a n c e  o f  t h e  z w i t t e r i o n  i n t e r m e d i a t e  ( X I I )  was  

e s t a b i l i s h e d  by t r a p p i n g  w i t h  an  a l i p h a t i c  k e t o n e .

CH

(X) (X I )

CH„=CH0C„H

( X I I )

c h 3 ) 2c = o

0 C2HB

(1 9 )
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B a l a k r i s h n a n  and P e r i y a s a m y  ( 1 3 , 2 3 )  h a v e  

r e p o r t e d  t h e  z w i t t e r i o n  p o l y m e r i z a t i o n  o f  2- m e t h y l -  

2- o x a z o l i n e  w i t h  m e t h a c r y l i c  a c i d  and o C - b r o m o a c r y l i c  

a c i d  , and a  s h i f f  b a s e  , N - b e n z y l i d i n e  a n i l i n e  w i t h  

0 ( - c h l o r o  and O C -b rom oacry l ic  a c i d s ( e q . 9 ) .

?H3 f 3
+ CH2 =C-C00H ------ > fCH2CH2-ljJ-CH2CHCOO)-

CH3 CO ( 2 0 )

The c o p o l y m e r s  a r e  c h a r a c t e r i z e d  by H-NMR and IR s p e c t r o s ­

co p y .O n  t h e  b a s i s  o f  k i n e t i c  s t u d i e s  a  z w i t t e r i o n  t y p e  

m echanism  s i m i l a r  t o  t h e  S a e g u s a ' s  m ech a n ism  h a v e  b e e n  

p r o p o s e d .

T o m a l i a  and c o w o r k e r s  ( 2 4 , 2 5 )  s t u d i e d  t h e  

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

2 - t h i a z o l i n e s  ( X I I I )  and 2 - i m i d a z o l i n e s  ( X I V ) .

-N /------ N

X'S  ^  R
( X I I I )  (XIV)

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

z a t i o n  o f  2 - ( 1 - m e r e a p t o i s o p r o p y l ) - 2 - o x a z o l i n e ( XV) r e p o r t e d  

d v  T o m a l ia  and c o w o r k e r s  p r o b a b l y  p r o c e e d s  by t h e  

z w i t t e r i o n  i n t e r m e d i a t e  XVI ( f o r m e d  by p r o t o n  t r a n s f e r  

from s u l f u r  t o  n i t r o g e n )
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4CHCH2 SCH2CH2NHC0- 1)1 ( 2 1 j

v / i th  t h e  s u l f i d e  n u c l e o p h i l e  a t t a c k i n g  t h e  o x a z o l i n i u m  i o n  

a t  t h e  C -0  b o n d .  The p o l y m e r  m o l e c u l a r  w e i g h t s  o b t a i n e d  

a r e  n o t  h i g h . (  XV i s  fo r m e d  by t h e  r a d i c a l  a d d i t i o n  o f  

HgS t o  2 - i s o p r o p e n y l  - 2 - o x a z o l i n e  ) .  The p o l y m e r  m o l e c u l a r  

w e i g h t  o b t a i n e d  by T o m a l i a  i n  t h e  v a r i o u s  s y s t e m s  w e re  n o t  

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

i d e n t i f y  t h e  e n d  g r o u p s  and u n d e r s t a n d  t h e  ' r e a s o n s  why 

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

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

r e a c t i o n  o f  p h e n o l  w i t h  t e t r a h y d r o - t h i o p h e n e - l - o x i d e  by  

t r e a t m e n t  w i t h  HC1 f o l l o w e d  by b a s e .

(X V II)

fphe  o r e  fo rm ed  z w i t t e r i o n  XVII w h ic h  was i s o l a t e d  a s  a

S c h m i d t  an d  c o w o r k e r s  ( 2 6 , 2 7 )  s y n t h e s i z e d  and

+

b a s e
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c r y s t a l l i n e  h y d r a t e  u n d erg o es  s p o n t a n e o u s  p o l y m e r i z a t i o n

M o l e c u l a r  w e i g h t s  a s  h i g h  a s  4 6 , 0 0 0  h a v e  b e e n  o b s e r v e d  i n  

the p r e s e n c e  o f  a  n u c l e o p h i l e  s u c h  a s  NaOMe added a t  t h e  

b e g i n n i n g  o f  t h e  p o l y m e r i z a t i o n . G e l  p e r m e a t i o n  c h r o m a t o g r ­

aphy c o u p l e d  w i t h  m ass  s p e c t r o s c o p y  showed t h e  p r e s e n c e  o f  

a b o u t  5% e a c h  o f  c y c l i c  d im er  and t r i m e r .  A l t h o u g h  t h i s  v:o 

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

can be c o n s i d e r e d  a s  t h e  m ost  s i g n i f i c a n t  work i n  z w i t t e r ­

i o n  p o l y m e r i z a t i o n .

The m echanism  i n v o l v e s  d i s p l a c e m e n t  o f  s u l f o n i u m  

m o i t y  by a n u c l e o p h i l i c  a n i o n .

A f t e r  t h e  f i r s t  i n i t i a t i o n  r e a c t i o n ,  an a c t i v e  p r o p a g a t i n g  

s p e c i e s  i s  p r o d u c e d  w h ic h  c o u l d  grow from e i t h e r  o r  b o t h  

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

s u b s t i t u e n t s  s u c h  a s  CH3 and Cl on t h e  a r o m a t i c  r i n g  have  

b een  s y n t h e s i z e d  and p o l y m e r i z e d .

upon r em o v a l  o f  w a t e r  a t  t e m p e r a t u r e s  o f  1 3 5 -1 7 0 ° C

l i n e a r  d im er

monomer
V

Growing p o l y m e r  c h a i n ( 2 3 )

S e v e r a l  a r y l  s u l f o n i u m  z w i t t e r i o n s  h a v i n g

X

X V I I ;  X=H, Y=CH3

XIX ; X=CH3 ,Y=CH3

XX ; X=Y=C1
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The c h l o r i n a t e d  z w i t t e r i o n  s p e c i e s  (XX) a r e  m a r k e d ly  

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

a n a l o g  ( X V I I I )  and r e q u i r e s  c o n s i d e r a b l y  h i g h  t e m p e r a t u r e s  

( -  170°C ) . The l o w  r e a c t i v i t y  i s  c o n s i d e r e d  t o  be a s  

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

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

n u c l e o p h i l i c i t y  . A d d i t i o n  o f  a  n u c l e o p h i l e  s u c h  a s  NaOCH^ 

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

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

h i g h  m o l e c u l a r  w e i g h t  c o p o l y m e r s  ( Mn = 4 6 , 0 0 0 ) .

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

a new m eth od  t o  s y n t h e s i z e  a  v a r i e t y  o f  new t y p e s  o f  

p o l y m e r i c  s t r u c t u r e s  can  be s e e n  when c o n s i d e r i n g  t h e  w id e  

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

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

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

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

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

a r e  o b t a i n e d .

We h a v e  i n v e s t i g a t e d  t h e  z w i t t e r i o n  p o l y m e r i z a ­

t i o n  o f  2- m e t h y l - 2- o x a z o l i n e  w i t h  a c r y l i c  a c i d  , 2- o x a z o l -  

i n e  w i t h  { J - p r o p i o l a c t o n e  and a c r y l i c  a c i d  w i t h  t h e  o b j e c t ­

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

w e i g h t  and 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 s  i n  z w i t t e r i o n  

p o l y m e r i z a t i o n . T h e  c h o i c e  o f  t h e s e  monomer p a i r s  was  made 

b e c a u s e  t h e y  a r e  among t h e  b e s t  c h a r a c t e r i z e d  by S a e g u s a .
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E x c e p t  2 - o x a z o l i n e  t h e  o t h e r  monomers a r e  r e a d i l y  a v a i l a b l e  

a n d ,  i n  a d d i t i o n ,  t h e  s e c o n d  s y s t e m  i s  t h a t  w h ic h  g a v e  t h e  

h i g h e s t  m o l e c u l a r  w e i g h t  i n  S a e g u s a ' s  w o r k .

Our r e s e a r c h  e f f o r t s  w e r e  f o c u s s e d  on t h e  f o l l o ­

w ing  c o n s i d e r a t i o n s .

1 ) .  How d o e s  t e r m i n a t i o n  o c c u r ?  How i m p o r t a n t  

a r e  c y c l i z a t i o n  , r e a c t i o n s  o t h e r  t h a n  i n i t i a l  z w i t t e r i o n  

f o r m a t i o n  b e tv /e e n  t h e  monomers ,  i n t r a m o l e c u l a r  t e r m i n a t i o n s  

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

2 ) .  What r e a c t i o n  v a r i a b l e s  c a n  be t fsed  t o  o v e r ­

come p r e m a t u r e  t e r m i n a t i o n  and a c h i e v e  h i g h  m o l e c u l a r

we i g h t s .

3 . 0  PROPERTIES AND REACTIONS OF g-OXAZOLINES

2- 0 x a z o l i n e  and 2- m e t h y l - 2- o x a z o l i n e  a r e  c o l o r l ­

e s s  l i q u i d s  , m i s c i b l e  w i t h  w a t e r  , and h a v e  a  c h a r a c t e r i ­

s t i c  p y r i d i n e  l i k e  o d o u r ( 2 8 - 3 0 ) .  P h y s i c a l  p r o p e r t i e s  and  

s p e c t r a l  d a t a  a r e  su m m a r iz e d  i n  T a b l e  I I  and I I I  r e s p e c t i v e l y .

2- 0 x a z o l i n e s  a r e  im i n o  e t h e r  t y p e  compounds  

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

t h i s  s t r u c t u r e .  They a r e  weak b a s e s  ( pK& o f  M e0X 0=5 .5 )  

and f o r m s  s a l t s  w i t h  d i l u t e  a q u e o u s  a c i d s .  F or  e x a m p l e ,

MeOXO r e a c t s  w i t h  d i l u t e  HC1 t o  form  a  s a l t  w h i c h  on  

b o i l i n g  w i t h  w a t e r  g i v e s  N - a c e t y l  e t h a n o l  a m in e (  e q .  2 4 ) .

-N ,------ .N+HC1“
H„0

HOCH2CH2 -NHCOCH3 ( 2 4 )

+ HC1
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A l t h o u g h  2 - m e t h y l - 2 - o x a z o l i n e  i s  s t a b l e  t o  b o i l i n g  w a t e r  

2 - o x a z o l i n e  h y d r o l y z e s  t o  g i v e  | 3 - h y d r o x y e t h y l  f o r m a m i d e  ( 3 1 )

H_0 
—<-— ►

HOCHgCH NHCHO ( 2 5 )

On t h e  o t h e r  h a n d  2 - o x a z o l i n e  f o r m s  a n  u n s t a b l e  h y d r o c h l o r i d e  

s a l t  w h i c h  s p o n t a n e o u s l y  h y d r o l y z e s  t o  N - g - c h l o r o e t h y l  

f o r m a m i d e  ( 2 9 ) .

N+HC1
c i c h 2c h 2nhcho ( 2 6 )

S u b s t i t u t e d  2 - o x a z o l i n e s  r e a c t  w i t h  p h e n o l  o r  t h i o p h e n o l  i n  

t h e  a b s e n c e  o f  w a t e r  t o  g i v e  e t h e r s  a n d  t h i o e t h e r s  ( 2 8 ) .

e g ;
/ &

+ PhOH _______  PhCONHCHgCHgOPh ( 2 7 )

T a b l e  I I

P h y s i c a l  P r o p e r t i e s  o f  t h e  Monomers a

Monomer mi; BP( ° C )
( 1 a tm )

D e n s i t y
(g /m L) PKa

A c r y l i c  a c i d 7 2 . 0 6 139 1 . 0 5 1 4 . 2 5 1

2 - M e t h y 1 - 2 -  
O x a z o l i n e 8 5 . 1 1 111 1 . 0 1 5 5 . 5 °

- P r o p i o l a c t o n e 7 2 . 0 6 , c o decom 162
( 5 1 , 1 0  mm)

1 . 1 4 0 6 -

2 - 0 x a z o l i n e 7 1 . 0 8 98

a A l l  d a t a  f r o m  r e f  36  u n l e s s  o t h e r w i s e  i n d i c a t e d  .
b

From r e f  3 7 .  
c From r e f  3 8 .
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3 . 1  POLYMERIZATION OF 2-OXAZOLINES

A p a r t  f r o m  t h e  c o p o l y m e r i z a t i o n  o f  2 - o x a z o l i n e s  

w i t h  e l e c t r o p h i l i c  monomers  ( z w i t t e r i o n  p o l y m e r i z a t i o n )  

c a t i o n i c  h o m o p o l y m e r i z a t i o n  o f  t h e s e  monomers  h a v e  b e e n  

r e p o r t e d . 2 - M e t h y l - 2 - o x a z o l i n e  u n d e r g o e s  p o l y m e r i z a t i o n  

w i t h  c a t a l y s t s  s u c h  a s  S n C l4 ( 3 2 )  , S b C l g ,  m e t h y l  i o d i d e ( 3 3 ) ,  

m e t h y l  t o s y l a t e  ( 3 4 ) ,  CgHgCH^Br and CgHgCHgCl ( 3 5 )  t o  

g i v e  lo w  m o l e c u l a r  w e i g h t  o l e g o m e r s .

When Mel ,MeOTs o r  0CH2Br a r e  u s e d  a s  i n i t i a t o r s  t h e  

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

ng o x a z o l i n i u m  i o n  a s  shown i n  e q . 2 8 .

R e s u l t s  o b t a i n e d  i n  k i n e t i c  s t u d i e s  and d i r e c t  NMR a n a l y s ­

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

a b ove  m ech a n ism  f o r  t h e  p o l y m e r i z a t i o n .  F u r t h e r  , N - m e t h y l -  

2- m e t h y 1- 2- o x a z o l i n i u m  i o d i d e  and t o s y l a t e  s a l t s  h a v e  b een  

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

i n i t i a t e  t h e  p o l y m e r i z a t i o n .

On t h e  o t h e r  hand when t h e  n u c l e o p h i l e  i s  s t r o n g  

s u c h  a s  C l " ,  t h e  p r o p a g a t i n g  en d  i s  c o v a l e n t

i n i t i a t i o :

( 2 8 )

(XXI) (X X II)

XXII * nXXI p r o p a g a t i o n c h 3 - ( n - c h 2 ch  ' "

c h 3c = o

( 2 9 )
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N - a c e t y l - N - ( 2 - c h l o r o e t h y l ) amino g r o u p .  For  e x a m p l e , t h e  

p o l y m e r i z a t i o n  i n i t i a t e d  by 0 CH2 C1 p r o c e e d  by t h e  

f o l l o w i n g  p r o p a g a t i o n  m e c h a n is m .

0 c h 2 c i  + x x i   ------------ >• 0 c h 2 - n - c h 2 c h 2 c i

c h 3 c!o

— N-CH2 CH2 C1 + n XXI  N - ( C H 2CH2- N - ) n CH2CH2 Cl

CH3 CH~CO CH CO
3 3 ( 3 0 )

S i m i l a r l y ,  2 - o x a z o l i n e  a l s o  u n d e r g o e s  c a t i o n i c  p o l y m e r i z a ­

t i o n  w i t h  c a t a l y s t s  s u c h  a s  B F _ 0 E to ,S b F c , CH_I and
o b o

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

a s  S n C l ^ . S b C l g  a r e  i n e f f e c t i v e  t o  i n i t i a t e  2- o x a z o l i n e  

p o l y m e r i z a t i o n .
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T a b l e  I I I  

PMR a n d  IR  d a t a  o f  t h e  m onom ers

MONOMER PM R -C hem ica l  s h i f t ( PPM)a  IR ( cm- 1 )

A c r y l i c  A c i d

CH =CHC00H

5 . 9 4 ( m , o l e f i n i c , 3 H )

1 1 . 1 8 ( s , c a r b o x y l i c , 1H)

3 2 5 0 (0 H )

1 7 3 5 ( 0 = 0 )

1 6 3 5 , 1 6 2 0 ( 0 = 0 )

1 3 0 0 ( 0 - 0 )

1 1 9 0 , 9 9 0 , 9 2 0

2 - M e t h y l - 2 -  

O x a z o l i n e

1 - . 9 2 ( s ,CH3 )

3 .6 6 ( m ,N - C H 2 )

4 . 0 4 ( m , 0 - C H 2 )

2 8 8 5 , 2 9 0 8 , 2 9 7 0 ,

2 9 3 0 (C -H )

1 6 7 5 ( N=C)

1 3 4 5 (C-Me)

1 2 2 8 (  C-O-C) 

9 8 5 , 9 3 8 , 8 9 8

2 - O x a z o l i n e 3 . 7 0 ( m , - N - C H 2 ) 

4 . 1 4 ( m , - 0 C H 2 ) 

6 . 8  ( s , H )

2 9 8 8 , 2 9 1 2 , 2 8 9 0 (C -H )  

1 6 3 5 (C=N) 

1 4 8 4 , 1 3 5 0 , 1 2 0 0 ,

1090

^ - P r o p i o l a c t o n e  

— 0

4 . 0 6 ( t , 0 - C H 2 ) 

3 . 3 8 ( t , C 0 - C H 2 )

3 0 3 0 , 2 9 8 0 , 2 9 3 0 (C -H )

1 8 3 5 ( 0 = 0 )

1 4 1 8 , 1 3 2 4 , 1 1 1 5 ,

915

100-MHz PMR s p e c t r a  f o r  a c r y l i c  a c i d , 2 - m e t h y l - 2 - o x a z o l i n e  

a n d  2 - o x a z o l i n e  w e r e  r e c o r d e d  i n  CD^ON a n d  / 3 - p r o p i o  l a c  t o n e  

i n  DMSO-dg. a C h e m i c a l  s h i f t  i n  PPM f r o m  TMS.IR d a t a  ( t h i n  

m u l l  , n e a t  on  a  NaCL p l a t e
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4 . 0  EXPERIMENTAL

4 . 1  P u r i f i c a t i o n  o f  monomers and s o l v e n t s  

^ . l a  2 - M e t h y l - 2 - o x a z o l i n e  (MeOXO)

2 - M e t h y l - 2 - o x a z o l i n e  ( A l d r i c h )  was  f i r s t  d r i e d  

o v e r  a n h y .  Na2 S 0 4 ( 2 4  h r s . )  f o l l o w e d  by a n h y .  MgS0 4 ( 2 4 h r s . )  

The monomer was d e c a n t e d  i n t o  a  f l a s k  c o n t a i n i n g  a c t i v a t e d  

m o l e c u l a r  s i e v e s  3A (5% w / v )  and a l l o w e d  t o  s t a n d  f o r  

s e v e n  d a y s .  M o l e c u l a r  s i e v e s  w as  a c t i v a t e d  p r i o r  t o  u s e  

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

o f  B u r f i e l d  e t  a l  ( 3 9 ) .  M o l e c u l a r  s i e v e s  ( 3 A ° , 8 - 1 2  mesh)  

was h e a t e d  i n  an o v e n  a t  320°C f o r  f o u r  h o u r s  and c o o l e d  

to  room t e m p e r a t u r e  i n  a  d e s i c c a t o r  b e f o r e  u s e .

A f t e r  a  s e c o n d  d r y i n g  w i t h  a  f r e s h  b a t c h  o f  a c t i v a t e d  

m o l e c u l a r  s i e v e s  , t h e  monomer w as  p u r i f i e d  by d i s t i l l a t i ­

o n .  A d i s t i l l a t i o n  a p p a r a t u s  w i t h  a  b u i l t  i n  v i g r e a u x  column  

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

t h e  d i s t i l l a t i o n  w as  u s e d  t o  d i s t i l l  t h e  m o n o m e r .B e f o r e  

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

a p p a r a t u s  was  f l u s h e d  w i t h  d ry  n i t r o g e n  ( a f t e r  p a s s i n g  

t h r o u g h  two CaS04 d r y i n g  t o w e r s )  f o r  h a l f  h o u r .T h e  monomer 

was. i n t r o d u c e d  i n t o  t h e  d i s t i l l i n g  f l a s k  c o n t a i n i n g  CaH2 . 

The d i s t i l l a t i o n  w as  c a r r i e d  o u t  u n d e r  a  r e d u c e d  n i t r o g e n  

a t m o s p h e r e  w h i l e  m a i n t a i n i n g  a p r e s s u r e  o f  a b o u t  5 t o r r  . 

Under t h e s e  c o n d i t i o n s  MeOXO d i s t i l l e d  a t  30°C . The r e c e ­

i v i n g  f l a s k  was  c o o l e d  w i t h  dry  i c e /  a c e t o n e  and t h e  

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

e x p e r i m e n t s .
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The p u r i t y  o f  MeOXO w as  c h e c k e d  w i t h  g a s  chrom a­

t o g r a p h y  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s  and no d e t e c t a b l e  

i m p u r i t y  was  f o u n d .

Gas c h r o m a t o g r a p h  H e w l e t t  & P a c k a r d

F & M S c i e n t i f i c  5 7 5 0  

Column 12 f t  x X i n c h  10%

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

Column T e m p e r a t u r e  100°C

I n j e c t i o n  p o r t  t e m p e r a t u r e  150°C

C a r r i e r  g a s  H e l iu m

R e t e n t i o n  t i m e  3 2 0  s e c

4 . i b  A c r y l i c  A c i d

A c r y l i c  a c i d  ( A l d r i c h ' )  w as  d r i e d  u s i n g  t h e  same 

p r o c e d u r e  u s e d  f o r  d r y i n g  MeOXO and t h e  monomer w as  d i s t i l l e d  

u s i n g  t h e  same a p p a r a t u s  w i t h o u t  a n y  d r y i n g  a g e n t  i n  t h e  

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

p r e s s u r e  o f  5 t o r r  u n d e r  n i t r o g e n  a t m o s p h e r e  and t h e  monomer 

d i s t i l l e d  a t  38°C u n d e r  t h e s e  c o n d i t i o n s . T h e  m i d d l e  f r a c t i o n  

was c o l l e c t e d  and u s e d  f o r  p o l y m e r i z a t i o n  e x p e r i m e n t s .

4 . 1 c  A c e t o n i t r i l e  and  N , N - D i m e t h y l  Formamide

A c e t o n i t r i l e  and DMF ( A l d r i c h  ) w e re  d r i e d  u s i n g  

t h e  same p r o c e d u r e  u s e d  f o r  d r y i n g  M e O X O . A c e t o n i t r i l e  was  

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

p r e s s u r e  ( bp 8 0 - 8 1 ° C  ) and t h e  m i d d l e  f r a c t i o n  c o l l e c t e d

and u s e d  f o r  p o l y m e r i z a t i o n  e x p e r i m e n t s .
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N , N - D i m e t h y l  fo r m a m id e  was  d i s t i l l e d  u n d e r  a  r e d u c e d  

n i t r o g e n  a t m o s p h e r e  a t  5 t o r r  p r e s s u r e  w i t h  P 2 ° 5  i n  

d i s t i l l i n g  f l a s k .  DMF d i s t i l l e d  a t  57°C u n d e r  t h e s e  c o n d i t ­

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

p o l y m e r i z a t i o n  e x p e r i m e n t s .

4 . i d  £ - P r o p i o l a c t o n e  ( BPL )

^ - P r o p i o l a c t o n e  ( F l u k a  ) w as  d r i e d  on m o l e c u l a r  

s i e v e s  3A° ( 3 d a y s ,  r e p e a t e d  t w i c e  ) f o l l o w e d  by CaH2 

o v e r n i g h t .  BPL w as  d i s t i l l e d  o v e r  CaH2 u n d e r  a  r e d u c e d  

n i t r o g e n  a t m o s p h e r e  w h i l e  m a i n t a i n i n g  a  p r e s s u r e  o f  5 t o r r .  

The m i d d l e  f r a c t i o n  ( bp 48°C a t  5 t o r r  ) was  c o l l e c t e d  

and u s e d  f o r  p o l y m e r i z a t i o n  e x p e r i m e n t s .

4 . 1 e  S y n t h e s i s  And P u r i f i c a t i o n  Of 2 - 0 x a z o l i n e  ( 0X0 )

The f o l l o w i n g  l i t e r a t u r e  r e p o r t e d  ( 44  ) m eth od

was u s e d  t o  p r e p a r e  2- o x a z o l i n e .

T h i o n y l  c h l o r i d e  ( 228  g , 1 . 9 1  mol ) w as  ad d ed  

d r o p w i s e  u n d e r  c o o l i n g  t o  a  s t i r r e d  s o l u t i o n  o f  N - ( 2- h y d r o -  

x y e t h y l ) -  fo rm a m id e  ( 17 0  g , 1 . 9 1  mol  from  Eastm an ) i n  

230  mL o f  DMF. The m i x t u r e  was  t h e n  h e a t e d  a t  4 0 - 4 5 ° C  

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

f o r  30  min and s u b j e c t e d  t o  d i s t i l l a t i o n  u n d e r  r e d u c e d  

p r e s s u r e .  N - ( 2- c h l o r o e t h y l ) - f o r m a m i d e  was  o b t a i n e d  a s  a  

c o l o r l e s s  l i q u i d  ( Y i e l d  80%, bp 1 0 4 - 1 0 5 ° C  a t  3 t o r r ) .

To a  50% a q u e o u s  s o l u t i o n  o f  p o t a s s i u m  h y d r o x i d e

( 5 3 0  r ) ,  N - ( 2- c h l o r o e t h y l ) - f o r m a m i d e  ( 160  g ) was
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added a t  10°C w i t h  s t i r r i n g .  The m i x t u r e  was  k e p t  a t  1 5 - 1 8 ° C

f o r  a b o u t  5 min and c r u d e  0X0 c o l l e c t e d  i n  a  d r y  i c e / a c e t o n e  

c o l d  t r a p  u n d e r  10  t o r r  p r e s s u r e .  The d i s t i l l a t e  ( 1 1 0  g ) 

was t r e a t e d  w i t h  p o t a s s i u m  h y d r o x i d e  ( 65 g ) u n d e r  c o o l i n g  

w i t h  i c e .  The d r i e d  0X0 w as  d i s t i l l e d  u n d e r  r e d u c e d  n i t r o g e n  

a t m o s p h e r e .  The t r e a t m e n t  w i t h  K0H w as  r e p e a t e d  t o  g i v e  

60 g o f  0X0,  w h i c h  w as  t h e n  t r e a t e d  w i t h  a c t i v a t e d  m o l e c u l a r  

s i e v e s  3A° ( s e v e n  d a y s  , r e p e a t e d  t w i c e  ) f o l l o w e d  by  

d i s t i l l a t i o n  u n d e r  r e d u c e d  n i t r o g e n  p r e s s u r e  ( bp 23°C a t  

5 t o r r  ) w i t h  CaHg i n  t h e  d i s t i l l i n g  p o t . Y i e l d  38%.

R e a c t i o n  s c h e m e ;

HOCHgCHgWHCHO + SOClg --------» CICHgCHgNHCHO + SOg + HC1

The p u r i t y  o f  0X0 w a s  e x a m i n e d  by g a s  c h r o m a t o g r a p h y  u n d e r  

t h e  f o l l o w i n g  c o n d i t i o n s  and no d e t e c t a b l e  i m p u r i t y  w as  f o u n d .

ClCH„CHnNHCH0 a q . KOH ^ + KC1 + HgO
«

Gas c h r o m a t o g r a p h H e w l e t t  & P a c k a r d

F&M S c i e n t i f i c  5 7 5 0

Column 5 f t  x  % i n c h  d i e t h y l e n e

g l y c o l  s u c c i n a t e

Column t e m p e r a t u r e 100°C

I n j e c t i o n  p o r t  t e m p e r a t u r e  150°C

C a r r i e r  g a s H e l iu m

R e t e n t i o n  t i m e 1 72  s e c
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4 . 2 POLYMERIZATION METHODS 

4 . 2 a  Method A

The p o l y m e r i z a t i o n  was c a r r i e d  o u t  by - c o m p l e t e l y  

m i x i n g  t h e  two monomers a t  t i m e  z e r o  i n  a  p o l y m e r i z a t i o n  

tu b e  i n s i d e  a  d r y  b o x  ( N2 a t m o s p h e r e  ) .  A t y p i c a l  ex a m p le  

i s  a s  f o l l o w s .

2 - M e t h y l - 2 - o x a z o l i n e  ( 15 0  mmol ) , a c r y l i c  a c i d  

( 1 5 0  mmol ) , p - m e t h o x y p h e n o l  ( 0 . 8  mmol ) and a c e t o n i t r i l e  

( 15 mL ) w e r e  m ix e d  i n  a  v e s s e l  i n s i d e  a  d r y  b o x  and  

p l a c e d  i n  a  p o l y m e r i z a t i o n  t u b e . T h e  t u b e  was  c o o l e d  w i t h  

l i q u i d  n i t r o g e n  , s e a l e d  u n d e r  vacuum and t h e n  h e a t e d  a t  7 0 °  

f o r  48  h o u r s .

4 . 2 b  I s o l a t i o n  And P u r i f i c a t i o n '  o f  C o p o ly m er

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

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

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

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

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

d i s s o l v e d  i n  m e t h a n o l  and r e p r e c i p i t a t e d  i n t o  e t h e r .  The 

p r o d u c t  w as  d r i e d  i n  a  vacuum o v e n  a t  40°C f o r  48  h o u r s .

4 . 2 c  Method B

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

a c c o r d i n g  t o  m e th o d  B i s  shown i n  F i g u r e  1 .  Monomers w ere  

p l a c e d  i n s i d e  two a d d i t i o n  f u n n e l s  ( a  and b i n  F i g u r e  1 ) 

a l o n g  w i t h  s o l v e n t s  when n e c e s s a r y  u n d e r  a  n i t r o g e n  a tm o sp h e
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The 10 0  mL f o u r  n e c k e d  rou n d  b o t t o m  f l a s k  was  f i t t e d  w i t h  

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

and a  n i t r o g e n  i n l e t  t u b e  a s  shown i n  F i g u r e  l . T h e  r e a c t i o n  

f l a s k  w as  h e a t e d  t o  70°C w h i l e  p a s s i n g  d r y  n i t r o g e n  t h r o u g h  

t h e  a p p a r a t u s  f o r  a  p e r i o d  o f  o n e  h o u r .  The monomers w ere  

a d d ed  t o  t h e  r e a c t i o n  f l a s k  m a i n t a i n e d  a t  70°C o v e r  a  p e r i o d  

o f  f o u r  h o u r s  and  f u r t h e r  r e a c t e d  a t  t h e  same t e m p e r a t u r e  

f o r  44  h o u r s . T h e  p o l y m e r  w as  i s o l a t e d  a c c o r d i n g  t o  m eth od  

4 . 2 b .

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

i ) .  S l o w  a d d i t i o n  o f  on e  monomer t o  t h e  o t h e r ,  

i i ) .  A d d i t i o n  o f  a  n u c l e o p h i l e  ( NaOMe ) t o  t h e  

r e a c t i o n  m i x t u r e ,  

i i i ) .  A d d i t i o n  o f  monomers o v e r  a  v e r y  l o n g  p e r i o d  

o f  t i m e .

i v ) . A d d i t i o n  o f  monomers i n  t h r e e  s t e p s .

4 . 2 d  Method C

F i g u r e  2 s h o w s  t h e  a p p a r a t u s  u s e d  t o  d i s t i l l  

monomers  i n  a  h i g h  vacuum m a n i f o l d .  The a p p a r a t u s  was  

c u s to m  made u s i n g  t e f l o n  s t o p c o c k s  ( R o t a f l o w ,  s u p p l i e d  

by C o r n i n g  ) c a p a b l e  o f  m a i n t a i n i n g  a  vacuum o f  10  t o r r .  

The a p p a r a t u s  w as  c o n n e c t e d  a t  V t o  a  h i g h  vacuum s y s t e m  

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

and a  McLeod g a g e .  The s y s t e m  was t h o r o u g h l y  h e a t e d  w i t h  

a h o t  a i r  gun u n d e r  vacuum u n t i l  t h e  McLeod g a g e  r e a d s  

a c o n s t a n t  p r e s s u r e  o f  10  ̂ t o r r .
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■ A c r y l i c  a c i d  w as  i n i t i a l l y  d r i e d  and p u r i f i e d

a c c o r d i n g  t o  m e th o d  4 . 1 b  and i n t r o d u c e d  i n t o  f l a s k  R^

w i t h  a c t i v a t e d  m o l e c u l a r  s i e v e s  3A° and a  s m a l l  q u a n t i t y

o f  r a d i c a l  i n h i b i t o r  , p - m e t h o x y p h e n o l .  The monomer was

d e g a s s e d  and f l a s h  d i s t i l l e d  t o  f l a s k  R2 c o n t a i n i n g

m o l e c u l a r  s i e v e s  and  r a d i c a l  i n h i b i t o r .  F i n a l l y , a c r y l i c

a c i d  w as  c o l l e c t e d  i n  am poule  R^ w h e r e  d e g a s s i n g  was
—6c o m p l e t e d  .by pum ping  a t  1 0 ~ t o r r  p r e s s u r e . T h e  a m p ou le  R^ 

f i t t e d  w i t h  Eck and Kreb b r e a k a b l e  s e a l  was  s e a l e d  o f f  w i t h  

a f i n e  p o i n t  f l a m e  u n d e r  c o n t i n u e o u s  pum ping  and s t o r e d

a t  0°C u n t i l  r e a d y  f o r  u s e .

2 - M e t h y l - 2 - o x a z o i l n e  w as  r e f l u x e d  i n  f l a s k  R  ̂

o v e r  CaH2 f o r  t h r e e  h o u r s  by  c o n n e c t i n g  a  r e f l u x  c o n d e n s e r  

o e t w e e n  s t o p c o c k  B and f l a s k  R^. The monomer was f l a s h

d i s t i l l e d  t o  f l a s k  R2 c o n t a i n i n g  CaHg. A f t e r  d e g a s s i n g ,

t h e  monomer was f i n a l l y  d i s t i l l e d  i n t o  R^ w h ere  d e g a s s i n g
ft

was c o m p l e t e d  by pum ping  a t  1 0 ” t o r r .  The s e a l e d  am poule  

was s t o r e d  a t  0°C u n t i l  r e a d y  f o r  u s e .

The r e q u i r e d  q u a n t i t i e s  o f  monomers w e r e  t r a n s f ­

eree! i n t o  c a l i b r a t e d  b r e a k  s e a l  t u b e s  by u s i n g  t h e  a p p a r a ­

t u s  shown i n  F i g u r e  3 . I n i t i a l l y  t h e  a m p ou le  R3 c o n t a i n i n g  

t h e  monomer w as  s e a l e d  t o  t h e  a p p a r a t u s  and c o n n e c t e d  t o

t h e  h i g h  vacuum l i n e  v i a  V and d e g a s s e d  u n t i l  t h e  McLeod
*— &-age  r e a c s  a  c o n s t a n t  p r e s s u r e  o f  10  t o r r . T h e  s y s t e m  was  

s e a l e d  o f f  a t  t h e  c o n s t r i c t i o n  . R e q u i r e d  q u a n t i t i e s  o f  

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

c t i o n  .

A m p o u le s  c o n t a i n i n g  t h e  monomers  w e r e  s e a l e d  t o  a  

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

p - m e t h o x y p h e n o l  , a s  shown i n  F i g u r e  3 .  The monomers  v/ere  

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

by h e a t i n g  t h e  t u b e  a t  70°C f o r  48  h o u r s . T h e  p r o d u c t  c o p o l -  

mer was  i s o l a t e d  and  p u r i f i e d  a c c o r d i n g  t o  m eth o d  4 . 2 b .

4 . 3  M o l e c u l a r  W e i g h t  D e t e r m i n a t i o n

The num ber  a v e r a g e  m o l e c u l a r  w e i g h t s o f  c o p o l y m e r  

s a m p l e s  v/ere d e t e r m i n e d  u s i n g  a  H e w l e t t  & P a c k a r d  v a p o r  

p r e s s u r e  o s m o m e t e r  m o d e l  302B a t  55°C w i t h  w a t e r  a s  t h e  

s o l v e n t .  The i n s t r u m e n t  v/as c a l i b r a t e d  w i t h  d e x t r o s e  ( MW= 

1 8 0 . 1 6  ) a s  t h e  s t a n d a r d  compound.  The t y p i c a l  c o n c e n t r a t i o n  

o f  c o p o l y m e r  s a m p l e s  r a n g e d  from  1 t o  4%.

4 . 4  SPECTROSCOPIC ANALYSIS 

4 . 4 a  100  MHz P r o t o n  NMR

10 0  MHz p r o t o n  NMR s p e c t r a  o f  c o p o l y m e r s  w ere  

r e c o r d e d  on a  JEOL, JNH-MH-100 s p e c t r o m e t e r .  The c o n c e n t r a ­

t i o n  o f  p o l y m e r  s a m p l e s  u s e d  r a n g e d  from  15-20% ( w / v  ) i n  

DMSO-dg ( 99 .98%  d e u t e r a t e d  ) .

4 . 4b 3 00  MHz and 2 7 0  MHz P r o t o n  NMR

3 0 0  MHz an d  27 0  MHz p r o t o n  NMR s p e c t r a  w e re  

r e c o r d e d  on N i c o l e t  /  O x f o r d  NT 30 0  and IBM V/P270SY 

s p e c t r o m e t e r s  r e s p e c t i v e l y .  S p e c t r a  w e re  r e c o r d e d  from  

DMSO-dp ( 1 0 0 % d e u t e r a t e d  ) s o l u t i o n s .
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P o ly m e r  s a m p l e s  ( 6 - 8  mg ) was d i s s o l v e d  i n  0 . 5  mL o f

DMSO and f i l t e r e d  t h r o u g h  g l a s s  f i b e r  f i l t e r  p a p e r  b e f o r e

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

4 . 4 c  I n f r a r e d  s p e c t r o s c o p y

The IR s p e c t r a  w e re  r e c o r d e d  on a  Beckmann 4 2 6 0

s p e c t r o m e t e r . T h e  c o p o l y m e r  ( 2 mg ) w as  d i s s o l v e d  i n  m e t h a n o l

( 0 . 2  mL ) and d e p o s i t e d  on a  NaCl p l a t e  a s  a  t h i n  f i l m  . The

NaCl p l a t e  w as  d r i e d  i n  a  Vacuum o v e n  a t  4 0 °  C o v e r n i g h t  and

IR s p e c t r u m  r e c o r d e d  i m m e d i a t e l y .
134 . 4 d  N a t u r a l  A bu ndan ce  C NMR S p e c t r a

13N a t u r a l  a b u n d a n c e  C s p e c t r a  o f  c o p o l y m e r  s a m p l e s  

w ere  r e c o r d e d  on a  IBM NR/80  s p e c t r o m e t e r  o p e r a t i n g  a t

2 0 . 1  MHz . S p e c t r a  w e r e  o b t a i n e d  fro m  d e u t e r i u m  o x i d e  ( 20% 

w / v  ) w i t h  CHgCN a s  t h e  i n t e r n a l  s t a n d a r d . P o l y m e r  s a m p l e s  

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

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

e x p e r i m e n t  ( SFOR ) w as  done  by s h i f t i n g  t h e  02  v a l u e  from  

5 5 4 0  ( v a l u e  u s e d  f o r  BB d e c o u p l i n g  ) t o  4 3 0 0  . U nder  t h e s e

c o n d i t i o n s  , t h e  p r o t o n s  d i r e c t l y  a t t a c h e d  t o  t h e  c a r b o n
13atom ca n  s p l i t  t h e  C NMR s i g n a l  f o r  t h a t  c a r b o n  a to m .

4 . 5  H y d r o l y s i s  o f  C o p o ly m er

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

i d e n t i f i c a t i o n  . F i g u r e  4 sh o w s  t h e  p r o c e d u r e  u s e d  t o  

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

c o p o l y m e r  ( 1 . 0  g ) was r e f l u x e d  i n  10% a q u e o u s  NaOH a t  

100°C f o r  t h r e e  h o u r s  , t h e  h y d r o l y z a t e  a c i d i f i e d  t o  pH 3
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^Copolyme

10% NaOH

2 .  A c i d i f y

A c i d i f i e d  H y d r o l y s i s  M i x t u r e ^ A n a l y t i c a l  HPLC

show s  AA, CHqC00H

H0CHoCH«NHCH„CH_C0oH

1 .  P u t  on  c a t i o n

e x c h a n g e  co lum n

2 .  E l u t e  w i t h  Ho0

►Analy t i  calHPLCColumn E l u e n t

s h ow s  AA,CH COOHG r a d i e n t  e l u t i o n
E x t r a c t  w i t hw i t h  Ho0/NH
e t h e r

C o l l e c t  10  mL F r a c t i o n s GC c o n f i r m s  AA

H0CH„CHoNHCH„CH«C00H CH-COOH

H 0 C H o C H o NH

TL C

P u r e r  F r a c t i o n s

1 .  E v a p o r a t e  t o  d r y n e s s

2 .  R e c r y s t a l l i z e

4 -  ■
H OC Hp CH pl ' J HC Hp CH pCO O H

F i g u r e  4 .  A l k a l i n e  h y d r o l y s i s  o f  MeOXO-AA c o p o l y m e r .
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and a  p o r t i o n  s u b j e c t e d  t o  a n a l y t i c a l  HPLC. The r e m a i n d e r  

o f  t h e  a c i d i f i e d  h y d r o l y z a t e  w as  i n t r o d u c e d  o n t o  a  c a t i o n  

e x c h a n g e  r e s i n  c o lu m n  ( Dowex 50  x  8 - 4 0 0  ) w h i c h  was  

p r e p a r e d  by t h e  f o l l o w i n g  m e t h o d .  Dowex r e s i n  ( 15 g ) 

was w a sh e d  w i t h  1 0 0  mL o f  2 . 5  N s o d iu m  h y d r o x i d e  f o l l o w e d  

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

p a p e r .  The r e s i n  w as  f u r t h e r  w a s h e d  w i t h  1 0 0  mL o f  2 . 5  N 

HC1 f o l l o w e d  by  d i s t i l l e d  w a t e r  u n t i l  t h e  w a s h i n g s  show ed  

no p r e c i p i t a t e  w i t h  an a q u e o u s  s o l u t i o n  o f  AgNO^. The w a sh ed  

r e s i n  was  p a c k e d  i n t o  a  30  X 2 cm g l a s s  co lum n f i t t e d  w i t h  

a t e f l o n  s t o p c o c k .

h y d r o l y z a t e  w as  e l u t e d  w i t h  w a t e r . T h r e e  1 0 0  mL f r a c t i o n s  

w ere  c o l l e c t e d  and a n a l y z e d  by HPLC. The c o m b in e d  f r a c t i o n s  

w ere  e x t r a c t e d  w i t h  two 1 00  mL p o r t i o n s  o f  d i e t h y l  e t h e r  

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

w ere  c o n c e n t r a t e d  t o  a b o u t  3 mL and a n a l y z e d  by g a s  

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

C7a s  c h r o m a t o g r a p h  H e w l e t t  & P a c k a r d

The r e s i n  co lum n a f t e r  i n t r o d u c i n g  t h e  a c i d i f i e d

F&M S c i e n t i f i c  5 7 5 0

Column 5 f t  x  X i n c h  e t h y l e n e

g l y c o l  s u c c i n a t e

Column t e m p e r a t u r e 13C °C

I n j e c t i o n  p o r t  t e m p e r a t u r e

C a r r i e r  n.as H e l iu m

R e t e n t i o n  t i m e s A c e t i c  a c i d ;  165 s e c

A c r y l i c  a c i d ;  345 s e c
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The c a t i o n  e x c h a n g e  r e s i n  co lum n was f u r t h e r  e l u t e d  w i t h  

two 500  mL s o l u t i o n s  o f  a q u e o u s  ammonia h a v i n g  pH 10 and  

11 by u s i n g  a  g r a d i e n t  e l u t i o n  m e t h o d .  10  mL f r a c t i o n s  w ere  

c o l l e c t e d  and a n a l y z e d  by t h i n  l a y e r  c h r o m a t o g r a p h y

u s i n g  w a t e r :  n - b u t a n o l  : p y r i d i n e  ; a c e t i c  a c i d  ( 15 :  12 : 

10 : 2 ) s o l v e n t  s y s t e m . T h i n  l a y e r  c h r o m a t o g r a p h y  o f  t h e  

v a r i o u s  e l u e n t  f r a c t i o n s  w i t h  n i n h y d r i n  show ed  t h e r e  w ere  

two c o m p o n e n t s  p r e s e n t  w i t h  o n e  co m p o n en t  p r e s e n t  i n  much 

g r e a t e r  amount t h a n  t h e  o t h e r .  Most  f r a c t i o n s  c o n t a i n e d  

o n l y  t h e  m a j o r  c o m p o n e n t  N - ( 2~ h y d r o x y e t h y 1 ) - ^ - a l a n i n e .

T h e se  f r a c t i o n s  w e r e  c o l l e c t e d  t o g e t h e r  , e v a p o r a t e d  t o  

d r y n e s s  , r e c r y s t a l l i z e d  from m e t h a n o l  - a c e t o n i t r i l e  t o  

g i v e  a  w h i t e  c r y s t a l l i n e  s o l i d  ( mp 146°C ). and a n a l y z e d  by  

p r o t o n  NMR i n  D,>0. The m in o r  c o m p o n en t  , e t h a n o l a m i n e  , was  

i s o l a t e d  i n  a  s e p a r a t e  e x p e r i m e n t  .

4 . 6  B e n z o y l a t i o n  o f  H y d r o l y s i s  M i x t u r e

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

( 0 . 5  g ) w as  r e f l u x e d  w i t h  10 % s o d i u m  h y d r o x i d e  a t  100°C  

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

5 mL o f  10% I'JaOH w as  a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  . U n d e r  

c o o l i n g  ( 0°C ) a n d  s t i r r i n g ,  b e n z o y l  c h l o r i d e  ( 1 . 5  g ) 

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

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

was  e x t r a c t e d  w i t h  t h r e e  10 mL p o r t i o n s  o f  m e t h y l e n e -  

c h l o r i d e .  ( U n d e r  t h e s e  c o n d i t i o n s  , N - ( 2 - h y d r o x y e t h y l ) -  

/ S - a l a n i n e  s h o u l d  u n d e r g o  b e n z o y l a t i o n  b u t  t h e  p r o d u c t
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w ou ld  be s o l u b l e  a s  t h e  c a r b o x y l a t e  s a l t . )  The co m b in ed  

m e t h y l e n e  c h l o r i d e  l a y e r  w as  e x t r a c t e d  f i r s t  w i t h  a  20  mL 

p o r t i o n  o f  d i l  HC1 f o l l o w e d  by d i s t i l l e d  w a t e r ; T h e  d r i e d  

m e t h y l e n e c h l o r i d e  l a y e r  upon e v a p o r a t i o n  g a v e  0 . 0 9 4  g o f  

a  s o l i d  m a t e r i a l . A n a l y t i c a l  HPLC s h o w ed  t h a t  t h i s  m a t e r i a l  

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

a n o t h e r  com pound.  The d i b e n z o y l  d e r i v a t i v e  w as  p u r i f i e d  

by a n a l y t i c a l  HPLC o n  a  pBondapak C^g co lum n u s i n g  m e t h a n o l :  

H20 : TFA : ( 5 5 0  : 4 5 0  : 0 . 6 ,  v / v / v  ) a s  t h e  m o b i l e  p h a s e  

t o  g i v e  20  mg o f  a  v / h i t e  s o l i d  m a t e r i a l  w i t h  a  mp o f  8 2 ° C .  

The 10 0  MHz p r o t o n  NMR o f  t h e  p r o d u c t  w as  r e c o r d e d  i n  CDClg 

w i t h  TMS a s  t h e  i n t e r n a l  s t a n d a r d .

4 . 7  B r o m i n a t i o n  o f  t h e  C o p o l y m e r

A s o l u t i o n  o f  b r o m in e  i n  m e t h a n o l  was  ad d ed  d r o p -  

w i s e  u n d e r  c o o l i n g  ( 0°C ) t o  a  s o l u t i o n  o f  c o p o l y m e r  u n t i l  

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

t e m p e r a t u r e  f o r  o n e  h o u r  and s o l v e n t  e v a p o r a t e d  u n d e r  vacuum  

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

a vacuum d e s i c c a t o r  and 1 0 0  MHz p r o t o n  NMR r e c o r d e d  i n  

DMS0 - d „ .r)

4 . 8 PREPARATION OF AUTHENTIC COMPOUNDS

4 . 8 a  P r e p a r a t i o n  o f  N-M eth y l - 2 - M e t h y l - 2 - 0 x a z o l i n i u m  I o d i d e

The f o l l o w i n g  l i t e r a t u r e  r e p o r t e d  ( 33 ) p r o c e d u r e  

was u t i l i z e d .

To a  s t i r r e d  s o l u t i o n  o f  m e t h y l  i o d i d e  ( 8 . 5 2  g , 

-30 mmol ) i n  e t h e r  ( 10 mL ) was  s l o w l y  ad d ed  2 - m e t h y l - 2 -
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o x a z o l i n e  ( 1 . 2 8  g , 15 nunol ) a t  5°C . The s o l u t i o n  was  

s t i r r e d  a t  20°C f o r  o n e  h o u r  t o  g i v e  a  w h i t e  p r e c i p i t a t e  

w hich  i s o l a t e d  by f i l t r a t i o n  and w a sh e d  w i t h  e t h e r .  The 

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

C H gC N /e ther  ( mp 145°C , L i t .  mp 1 4 4 - 1 4 6 ° C  )

4 . 8 b  N - (  2 - H y d r o x y e t h y l  ) - £ - a l a n i n e

The f o l l o w i n g  l i t e r a t u r e  r e p o r t e d  p r o c e d u r e  ( 45  )

was u s e d .

E t h a n o l a m i n e  ( 0 . 0 2 2  m o l ,  from  A l d r i c h  ) was  

a d d ed  d r o p w i s e  i n t o  a  s t i r r e d  s o l u t i o n  o f  £ - p r o p i o l a c t o n e  

( 0 . 0 1  m o l ,  fro m  F u l k a  ) i n  a c e t o n i t r i l e  o v e r  a  p e r i o d  o f  

a b o u t  two h o u r s  , w h i l e  m a i n t a i n i n g  t h e  t e m p e r a t u r e  a t  

0 ° C . The p r e c i p i t a t e d  s o l i d  w a s  f i l t e r e d  , ' d r i e d  and  

r e c r y s t a l l i z e d  from  m e t h a n o l  t o  g i v e  a  w h i t e  c r y s t a l l i n e  

m a t e r i a l  w i t h  a  mp o f  146°C ( L i t  mp 1 4 5 - 1 4 7 ° C  ) .

4 . 8 c  D i b e n z o y l  D e r i v a t i v e  o f  E t h a n o l a m i n e

B e n z o y l  c h l o r i d e  ( 5 g ) w as  a d d ed  d r o p w i s e  

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

( 0 . 6  g ) i n  10%  so d iu m  h y d r o x i d e  ( 10  mL ) .  The r e a c t i o n  

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

r e c r y s t a l l i z e d  w i t h  e t h a n o l / w a t e r  t o  g i v e  a  c r y s t a l l i n e  

s o l i d  w i t h  a  mp o f  8 2 ° C .

4 . 9  HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

4 . 9 a  A n a l y t i c a l  HPLC

H igh  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  was  

c a r r i e d  o u t  on a V /a ters  s y s t e m  c o n s i s t i n g  o f  M-6000
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s o l v e n t  d e l i v e r y  u n i t  and a  U6K u n i v e r s a l  l i q u i d  c h r o m a t o g ­

raphy  i n j e c t o r ,  c o u p l e d  t o  W a te r s  4 5 0  v a r i a b l e  wave l e n g t h  

UV m o n i t e r  w i t h  an 8 -p L  f l o w  t h r o u g h  c e l l .  The^pBondapak  

C18 co lum n ( 10  pm , 30  cm x 0 . 3 9  cm ID ) was  a l s o  from  

W a te r s  A s s o c i a t e s .  Sam ple  i n j e c t i o n s  w e r e  made w i t h  a  25 pL 

s y r i n g e  ( H a m i l t o n  ) . F i l t r a t i o n  o f  s o l v e n t s  was  c a r r i e d  

o u t  u s i n g  a  p y r e x  f i l t e r  h o l d e r  ( M i l l i p o r e  ) . A l l  s o l v e n t s  

u s e d  w ere  o f  HPLC g r a d e  ( F i h e r  ) ; w a t e r  was  g l a s s  d i s t i l ­

l e d .  G e n e r a l l y  a  f l o w  r a t e  o f  2 mL/min w as  m a i n t a i n e d  by  

a p r e s s u r e  o f  2 0 0 0 - 2 5 0 0  p s i .  The r e c o r d e r  c h a r t  p a p e r  s p e e d  

was 1 / 2  i n c h / m i n .  A l l  t e s t s  w e re  p e r f o r m e d  a t  room t e m p e r a t u r e ,  

Sam ple  s i z e s  v a r i e d  b e t w e e n  1 and 10  pg o f  p o l y m e r  m a t e r i a l  

i n j e c t e d  i n  v o l u m e s  o f  1 - 2 5  p L  . D e t e c t i o n  w as  u s u a l l y  a t  

210 nm. The s e n s i t i v i t y  o f  t h e  UV d e t e c t o r  w as  s e t  a t  0 . 1  

AUFS ( a b s o r b a n c e  u n i t s  f o r  f u l l  s c a l e  ) .

4 . 9 b  F r a c t i o n a t i o n  o f  C o p o ly m er  by p r e p a r a t i v e  HPLC

A W a t e r s  P r e p  LC /  s y s t e m  5 0 0  w as  u s e d  f o r  t h e  

f r a c t i o n a t i o n  o f  t h e  c o p o l y m e r .  p B ond apak  C1Q co lu m n  was  

u s e d  w i t h  t h e  s o l v e n t  s y s t e m  , m e t h a n o l  : w a t e r  : t r i f l u -  

o r o a c e t i c  a c i d  ( 3 5 0  : 6 5 0  : 0 . 8  , v / v / v  ) . The s o l v e n t s  

u s e d  w e re  o f  r e a g e n t  g r a d e .  A s o l u t i o n  o f  c o p o l y m e r  ( 2 g)  

i n  20 mL o f  HPLC s o l v e n t  s y s t e m  w as  i n j e c t e d  t o  t h e  co lum n  

and e l u t e d  a t  a  f l o w  r a t e  o f  1 0 0  mL/min . 50  mL p o r t i o n s  o f  

rne e l u e n t  w ere  c o l l e c t e d  and e x a m i n e d  by a n a l y t i c a l  HPLC 

f c r  p u r i t y .  Impure  p o r t i o n s  ( f r a c t i o n s  w i t h  more t h a n  

one c o m p o n en t  ) w e r e  d i s c a r d e d . . P u r e  f r a c t i o n s  ( i . e
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f r a c t i o n s  c o n t a i n i n g  on e  c o m p o n en t  a s  d e t e r m i n e d  by HPLC ) 

o f  t h e  same c o m p o n e n t  w e r e  c o m b in ed  , c o n c e n t r a t e d  i n  a  

R o t o v a p o r  e v a p o r a t o r  u n d e r  r e d u c e d  p r e s s u r e  t o  a  v o lu m e  o f  

10 mL and f r e e z e  d r i e d .  D u r in g  t h e  e v a p o r a t i o n  o f  s o l v e n t  , 

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

4 5 ° C . F r e e z e  d r i e d  f r a c t i o n s  w e r e  f u r t h e r  d r i e d  i n  a  vacuum  

o v e n  a t  40°C and i n  a  vacuum d e s i c c a t o r  o v e r n i g h t  e a c h .

300  MHz p r o t o n  NMR s p e c t r u m  o f  e a c h  i s o l a t e d  f r a c t i o n  was  

r e c o r d e d  i n  DMS0-dg ( 100% ) w i t h  TNS a s  t h e  i n t e r n a l  

s tandard .NM R s p e c t r a  w e r e  r e c o r d e d  i m m e d i a t e l y  a f t e r  t h e  

s a m p l e s  w e r e  p r e p a r e d .

4 . 1 0  D i r e c t  NMR A n a l y s i s  o f  R e a c t i o n  S y s t e m .

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

a r e  s a m p l e s  f o r  d i r e c t  NMR a n a l y s i s  e x p e r i m e n t s .

The monomers  and s o l v e n t s  w e r e  p u r i f i e d  a s  

d e s c r i b e d  i n  s e c t i o n  4 . 0 .  2 - M e t h y l - 2 - o x a z o l i n e  ( 1 1 . 8  mmol ) ,  

a c r y l i c  a c i d  ( 1 1 . 8  mmol ) , p - m e t h o x y p h e n o l  ( 0 . 0 6  mmol ) 

and d e u t e r a t e d  a c e t o n i t r i l e  ( 1 . 5  mL ) w e r e  m ix e d  i n  a  

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

( 0 . 5  mL ) was  p l a c e d  i n  a  NMR s a m p l e  t u b e  w i t h  a  s m a l l  

a m o u n t  o f  TMS a s  t h e  i n t e r n a l  s t a n d a r d .  The NMR t u b e  was  

s e a l e d  u n d e r  vacuum . The 100  MHz p r o t o n  NMR s p e c t r u m  o f  

t h e  r e a c t i o n  m i x t u r e  w as  r e c o r d e d  a t ,  room t e m p e r a t u r e  

a f t e r  r e a c t i n g  a t  60°C  f o r  d i f f e r e n t  t i m e  i n t e r v a l s .

The same p r o c e d u r e  was  u s e d  f o r  e x p e r i m e n t s  

i n v o l v i n g  t h e  monomer s y s t e m  , 2 - o x a z o l i n e  and a c r y l i c  

a c i d .
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5 . 0  RESULTS AND DISCUSSION

5 . 1  M o l e c u l a r  w e i g h t  o f  c o p o l y m e r

We h a v e  s t u d i e d  t h e  c o p o l y m e r i z a t i o n ~ o f  2 - m e t h y l -

2- o x a z o l i n e  and a c r y l i c  a c i d  u n d e r  d i f f e r e n t  r e a c t i o n  

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

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

i s  b a s e d  on t h e  r e a c t i o n  m ech a n ism  p r o p o s e d  by S a e g u s a  and  

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

s c h e m e .

The i n i t i a l l y  f o r m e d  g e n e t i c  z w i t t e r i o n  c a n  be c o n s i d e r e d  

a s  t h e  b i f u n c t i o n a l  r e a g e n t  i n  an A-B t y p e  o f  s t e p  

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

NCH„CHC00H
CHo=CHC00H

H+ t r a n s f e r

g e n e t i c  o r  macro

z w i t t e r i o n
\r

-N- ( CH2CH2COOCH2CH2 -IjI-^CH2 CH2COO 

■'\ CH„C=0

4CH2 CH2 -IjI-CH2 CH2 COO-)n
ch3 c=o
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an amino a c i d  o r  h y d r o x y  a c i d  w i t h  i t s e l f .  On t h i s  b a s i s ,  

by c a r e f u l  p u r i f i c a t i o n  o f  monomers and s o l v e n t s  and  

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

a t m o s p h e r i c  c o n d i t i o n s  to  p r e v e n t  t e r m i n a t i o n  o f  g r o w i n g  

m a c r o z w i t t e r i o n s  by a d v e n t i t i o u s  s p e c i e s  , on e  s h o u l d  be  

a b l e  t o  im p r o v e  t h e  m o l e c u l a r  w e i g h t  o f  c o p o l y m e r . C a r e f u l  

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

monomers and s o l v e n t s .  R e s u l t s  r e p o r t e d  by B u r f i e l d  and  

c o w o r k e r s  ( 3 9 - 4 3  ) w e re  u t i l i z e d  t o  f i n d  optimum  

d e s i c c a n t s  and c o n d i t i o n s  f o r  d r y i n g  monomers and s o l v e n t s .  

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

p o l y m e r i z a t i o n  r e a c t i o n . M e t h o d s  A and B e m p lo y e d  t h e  u s u a l  

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

and c a r r y i n g  o u t  t h e  p o l y m e r i z a t i o n  ; Method C e m p lo y e d  a  

h i g h  vacuum s y s t e m . P o l y m e r i z a t i o n  by Method C w o u ld  i n v o l v e  

l o w e r  c o n c e n t r a t i o n  o f  a d v e n t i t i o u s  i m p u r i t i e s  s u c h  a s  H20 , 

C02 , and MHg. Method A i n v o l v e d  t h e  r a p i d  i n i t i a l  m i x i n g  

o f  MeOXO and AA f o l l o w e d  by t h e i r  r e a c t i o n . M e t h o d  B i n v o l v e d  

v a r i a t i o n s  o f  Method A i n  w h i c h  t h e  monomers  w e r e  s l o w l y  

ad d ed  t o g e t h e r ,  o n e  monomer s l o w l y  a d d ed  to_ t h e  o t h e r ,  t h e  

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

T a b l e  IV show s  a  c o m p a r i s o n  o f  t h e  r e s u l t s  from  

M ethods  A ,B and C. A l t h o u g h  S a e g u s a  and c o w o r k e r s  ( 14 ) 

r e p o r t e d  o n l y  t h e  s o l u t i o n  p o l y m e r i z a t i o n  o f  MeOXO-AA , 

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

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

w e i g h t  p r o d u c t  f o r  Method A a l t h o u g h  t h e r e  was  no d i f f e r e n c e
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f o r  Method B. The l o w e r  m o l e c u l a r  w e i g h t  p r o d u c t s  w ere  

w h i t e  s e m i s o l i d s  w i t h  s o l u b i l i t y  i n  w a t e r ,  m e t h a n o l ,  DMF 

and DMSO. The h i g h e r  MW p r o d u c t s  w e r e  w h i t e  s o l i d s  w i t h  t h e  

same s o l u b i l i t y  c h a r a c t e r i s t i c s .  The h i g h e s t  MW ( 2 7 6 0  ) 

o b t a i n e d  was f o r  a  c o p o l y m e r  made b y  m e th o d  C i n d i c a t i n g  

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

b u t  t h e  e f f e c t  w as  n o t  l a r g e .  M ethod B g e n e r a l l y  g a v e  

s l i g h t l y  h i g h e r  m o l e c u l a r  w e i g h t s  t h a n  m eth od  A. When 

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

( 5-10% ) o f  t h e  p r o d u c t  w as  i n s o l u b l e  w h e r e a s  t h e  p r o d u c t  

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

The work r e p o r t e d  i n  t h i s  t h e s i s  on  p o l y m e r  c h a r a c t e r i z a t i o n  

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

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

100°C s i g n i f i c a n t l y  d e c r e a s e d  t h e  p o l y m e r  m o l e c u l a r

w e i g h t  a s  w e l l  a s  t h e  y i e l d . T h e  u s e  o f .  DMF a s  s o l v e n t

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

S i m i l a r  r e s u l t s  w e r e  o b s e r v e d  by S a e g u s a  and c o w o r k e r s  ( 10 )

who r e p o r t e d  M v a l u e s  o f  1 6 0 0  and  1 4 0 0  , r e s p e c t i v e l y ,  n
f o r  MeOXO-AA p o l y m e r i z a t i o n  i n  a c e t o n i t r i l e  and DMF.

O v e r a l l ,  t h e  m o l e c u l a r  w e i g h t  d a t a  i n  T a b l e  IV c l e a r l y  

show s t h a t  e v e n  when r e a c t i o n  c o n d i t i o n s  ( Method C ) a r e  

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

a t m o s p h e r e  a s  v / e l l  a s  t h o s e  p r e s e n t  a s  i m p u r i t i e s  i n  t h e  

monomer , t h e r e  i s  no  l a r g e  im p r o v e m e n t  i n  t h e  c o p o l y m e r
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Table  IV

Comparison o f  Methods A,B and C f o r  MeOXO-AA p o l y m e r i z z a t i o n

P o l y m e r i z a t i o n
m eth od

T e m p e r a t u r e , 
C

Y i e l d , d
%

Mn

A ( s o l u t i o n 13 ) 70 45 1 4 5 0

A ( s o l u t i o n 0 ) 60 51 920

A ( b u l k  ) 70 55 1 8 5 0

B ( s o l u t i o n  ) 70 60 2 0 0 0

B ( b u l k  ) 70 69 1 9 6 0

B ( b u l k  ) 100 21 59 0

C ( b u l k  ) 70 41 2 7 6 0

a£ - M e t h o x y p h e n o l  p r e s e n t  i n  a l l  e x p e r i m e n t s  

^ S o l u t i o n  p o l y m e r i z a t i o n  i n  CH^CN 

c S o l u t i o n  p o l y m e r i z a t i o n  i n  DMF 

Y i e l d  o f  r e c r y s t a l l i z e d  p o l y m e r ,

Method B w as  u s e d  t o  s t u d y  t h e  e f f e c t  o f  

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

( T a b l e  V ) .T he  s t a n d a r d  c o n d i t i o n s  ( e x p e r i m e n t  1 ) 

i n v o l v e d  t h e  s i m u l t a n e o u s  a d d i t i o n s  o f  MeOXO and AA t o  

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

h e a t i n g  f o r  an a d d i t i o n a l  44  h o u r s .  T h i s  c o m p a r e s  w i t h  

m ethod A i n  w h i c h  t h e  two monomers w e r e  r a p i d l y  m ix e d
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t o g e t h e r  and t h e n  h e a t e d  f o r  48  h o u r s .  The p u r p o s e  o f  t h e  

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

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

E x p e r i m e n t  1 shov/ed some i n c r e a s e  i n  y i e l d  and m o l e c u l a r  

w e i g h t  r e l a t i v e  t o  m e th o d  A. H o w e v e r ,  when t h e  monomer ad d ­

i t i o n  p e r i o d  w as  i n c r e a s e d  t o  two d a y s  ( E x p e r i m e n t  8 ) and  

one  v/eek ( E x p e r i m e n t  9 ) , b o t h  t h e  y i e l d  and  m o l e c u l a r  

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

r e m a in  a c t i v e  f o r  a  l o n g  p e r i o d  o f  t i m e  , t h e s e  e x p e r i m e n t s  

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

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

u n d e r g o  t e r m i n a t i o n  d u r i n g  t h e s e  l o n g  a d d i t i o n  t i m e s .  

E x p e r i m e n t  4 i n v o l v e d  t h e  q u ic k ,  a d d i t i o n  of- monomers  

f o l l o w e d  by a  12 h o u r  r e a c t i o n - t i m e . The c o p o l y m e r  y i e l d  

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

a t  t h e  s t a n d a r d  r e a c t i o n  t i m e  o f  4 4  h o u r s .  E x p e r i m e n t  5 

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

e a c h  o f  t h e  MeOXO and AA w ere  q u i c k l y  m ix e d  , r e a c t e d  f o r  

12 h o u r s ,  f o l l o w e d  by two f r e s h  b a t c h e s  o f  monomer q u i c k l y  

add ed  i n  s e q u e n t i a l  f a s h i o n  w i t h  a  12 h o u r  r e a c t i o n  t i m e  

f o l l o w i n g  e a c h  a d d i t i o n .  No im p r o v e m e n t  i n  c o p o l y m e r  

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

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

two a c t i v e  e n a s  s t i l l  a c t i v e ,  t h i s  e x p e r i m e n t  s h o u l d  have  

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

monomers ca n  p r o d u c e  g e n e t i c  z w i t t e r i o n s  w h i c h  c o u l d  add
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T a b le  V

V a r i a t i o n  o f  Method B f o r  MeOXO-AA P o ly m e r iz a t io n

E x p e r i m e n t ci bP o l y m e r i z a t i o n  C o n d i t i o n s  * Y i e l d 0 , %

1 S t a n d a r d ^ 69 1 9 6 0

2 MeOXO p r e s e n t  i n i t i a l l y ,  
AA a d d e d  s l o w l y 60 1 4 3 0

3 AA p r e s e n t  i n i t i a l l y ,  MeOXO 
' a d d e d  s l o w l y 50 1 1 7 0

4 S t a n d a r d e 64 1 9 1 0

5
f

Monomers a d d ed  i n  3 s t a g e s 41 1 9 4 0

6 2 . 6  mol-% CH„0Na g d d e d  a t  
s t a r t  o f  r e a c t i o n 61 1200

7 1 mol-% CH_0Na a d d ed  a f t e r  
50% o f  monomers a d d ed 73 1 6 6 0

8 Monomers a d d e d  o v e r  a  p e r i o d  
o f  2 d a y s 20 1110

9 Monomers a d d e d  o v e r  a  p e r i o d  
o f  1 w eek 8 900

ct OBulk  p o l y m e r i z a t i o n  a t  70  C w i t h  b o t h  monomers  b e i n g  
s i m u l t a n e o u s l y  a d d e d  u n l e s s  o t h e r w i s e  n o t e d .

dA11 e x p e r i m e n t s  i n v o l v e d  e q u i m o l a r  a m o u n ts  o f  MeOXO and AA 
w i t h  p - m e t h o x y p h e n o l  ad d ed  t o  AA.

c Y i e l d  o f  r e c r y s t a l l i z e d  p o l y m e r .

dM onom er(s )  a d d e d  o v e r  4 h o u r s  and t h e n  r e a c t e d  f o r  a d d i t i o n a l  
44 h o u r s .

e Monomers ad d ed  q u i c k l y  and t h e n  r e a c t e d  f o r  12 h o u r s .

x0 n e - t h i r d  o f  MeOXO and AA ad d ed  i n  e a c h  s t a g e  f o l l o w e d  by  
r e a c t i o n  f o r  12 h o u r s .
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t o  t h e  a c t i v e  en d  o f  t h e  p o l y m e r  c h a i n  . T h u s ,  we c o n c l u d e  

t h a t  t h e  MeOXO-AA s y s t e m  d o e s  n o t  b e h a v e  a s  o n e  w i t h  

l i v i n g  c h a r a c t e r i s t i c s .

E x p e r i m e n t s  2 and 3 w e r e  c a r r i e d  o u t  w i t h  a  

v i e w  o f  a s c e r t a i n i n g  w h e t h e r  o n e  o r  t h e  o t h e r  o f  t h e  two  

monomers w as  ..o l e l y  r e s p o n s i b l e  f o r  t e r m i n a t i o n  r e a c t i o n s  

w h i c h  l im i-c  m o l e c u l a r  w e i g h t .  One monomer w as  p l a c e d  i n  t h e  

r e a c t i o n  f l a s k  and t h e  o t h e r  t h e n  a d d ed  o v e r  a  4 h o u r  p e r i o d  

f o l l o w e d  by r e a c t i o n  f o r  an a d d i t i o n a l  44  h o u r s . T h e  d e c r e a s e  

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

t h e  i n v o l v e m e n t  o f  b o t h  AA and MeOXO s i m u l t a n e o u s l y  i n  t e r ­

m i n a t i n g  t h e  p r o p a g a t i n g  m a c r o z w i t t e r i o n s .  C o n t r o l  e x p e r i m ­

e n t s  w e re  a l s o  c a r r i e d  o u t  t o  a s c e r t a i n  w h e t h e r  e i t h e r  

MeOXO and AA u n d e r g o e s  h o m o p o l y m e r i z a t i o n  u n d e r  o u r  

e x p e r i m e n t a l  c o n d i t i o n s . A  s m a l l  amount o f  o n e  monomer was  

added t o  t h e  o t h e r  , t h e  r e a c t i o n  m i x t u r e  h e a t e d  f o r  48  

h o u r s  and w o rk ed  up i n  t h e  u s u a l  manner  . No p o l y m e r  was  

form ed u n d e r  t h e s e  c o n d i t i o n s  . I n  o t h e r  e x p e r i m e n t s  

( E x p e r i m e n t s  5 and 7 ) we i n v e s t i g a t e d  t h e  e f f e c t  o f  

a d d i n g  sod iu m  m e t h o x i d e  t o  t h e  r e a c t i o n  m i x t u r e  on t h e  

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

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

z w i t t e r i o n  p o l y m e r i z a t i o n s  ( 2 6 , 2 7  ) .  The m o l e c u l a r  w e i g h t  

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

so d iu m  m e t h o x i d e .  I n  b o t h  c a s e s  a b o u t  10% o f  t h e  p r o d u c t  

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

T h e  c o p o l y m e r  i s  n o r m a l l y  s o l u b l e . T h e  p u r p o s e  o f  a d d i n g
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4 7

sod iu m  m e t h o x i d e  w as  t o  t e r m i n a t e  o x a z o l i n i u m  end  o f  a  

g r o w i n g  m a c r o z w i t t e r i o n  and t o  k e e p  t h e  c a r b o x y l a t e  end  

a c t i v e  w h i c h  may r e a c t  w i t h  t h e  g e n e t i c  z w i t t e r i o n s  t o  

i n c r e a s e  t h e  s i z e  o f  t h e  p o l y m e r  c h a i n . H o w e v e r , t h e  

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

t h e  medium . w h i c h  c a n  r e a c t  w i t h  t h e  a d d ed  sod iu m  m e t h o x i d e  

may p r e v e n t  i t  from  r e a c t i n g  w i t h  t h e  g r o w i n g  m a c r o z w i t t e r -  

i o n s .  I f  t h e r e  w e r e  o n l y  z w i t t e r i o n s ,  g e n e t i c  o r  macro i n  

t h e  r e a c t i o n  medium , t h i s  m eth o d  w o u l d  h a v e  h e l p e d  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  c o p o l y m e r s .

We h a v e  i n v e s t i g a t e d  a  l a r g e  number  o f  d i f f e r e n t  

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

l a c k  o f  any  s i g n i f i c a n t  im p r o v e m e n t  i n  m o l e - c u l a r  w e i g h t  

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

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

5 . 2  C o p o l y m e r i z a t i o r .  o f  2 - 0 x a z o l i n e (  0X0 ) w i t h  f t - P r o p i o -  

l a c t o n e  ( BPL ) and A c r y l i c  A c i d  ( AA)

We a t t e m p t e d  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  

c o p o l y m e r s  from  t h e  OXO-AA monomer s y s t e m  f o r  w h i c h  S a e g u s a  

and c o w o r k e r s  ( 1 0 )  o b t a i n e d  a  MW o f  1 3 , 5 0 0 .  T h e s e  two  

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

b u l k  t o  g i v e  l i g h t  y e l l o w  c o l o r e d  gummy m a t e r i a l s .  H o w ev er ,  

when t h e  p o l y m e r  was  p u r i f i e d  by p r e c i p i t a t i o n  i n t o  e t h e r  

and c r i e d  t h e  r e s u l t i n g  r u b b e r y  p r o d u c t  became i n s o l u b l e  i n  

s o l v e n t s  s u c h  a s  w a t e r  , m e t h a n o l  and DMF and fo rm ed  a g e l
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when a t t e m p t e d  t o . d i s s o l v e  i n  t h e s e  s o l v e n t s .  S a e g u s a  and  

c o w o r k e r s  ( 10 ) h a v e  i n d i c a t e d  t h a t  t h e  OXO-AA c o p o l y m e r

was o n l y  p a r t i a l l y  s o l u b l e  i n  D^O , t h e  s o l v e n t  t h e y  u s e d  

f o r  p r o t o n  NMR a n a l y s i s . D u e  t o  t h i s  s o l u b i t y  p r o b le m  , we 

d i d  n o t  d e t e r m i n e  t h e  M f o r  t h i s  c o p o l y m e r .  The r e p o r t e d  

h i g h  m o l e c u l a r  w e i g h t  by S a e g u s a  and c o w o r k e r s  may be a s  a  

r e s u l t  o f  t h i s  s o l u b i l i t y  p r o b l e m .

P o l y m e r i z a t i o n  o f  OXO-BPL s y s t e m  a l s o  g a v e  l i g h t  

y e l l o w  c o l o r e d  gummy m a t e r i a l s .  The MW o b t a i n e d  was

T a b l e  VI

P o l y m e r i z a t i o n  o f  0X0 w i t h  BPL and AA

Monomer
s y s t e m

P o l y m e r i z a t i o n
m eth od

Temp. °C T i m e , 
h o u r s

Y i e l d e , ll
0/ ^ / J

OXO-BPL Ab 30 28 64 795

OXO-BPL B° 25 28 63 708

0X0-AAd BC 55 24 51

oxo- a a g BC 75 24 48

0X0-AAd Ab 60 30 52

a A l l  p o l y m e r i z a t i o n s  i n v o l v e d  e q u i m o l a r  a m o u n ts  o f  t h e  two  
monomers ( 44  mmol e a c h  ) .

' ' S o l u t i o n  p o l y m e r i z a t i o n  i n  a c e t o n i t r i l e .

c E u lk  p o l y m e r i z a t i o n ,  monomers ad d ed  s l o w l y  f o r  f o u r  h o u r s  
and r e a c t e d  f o r  24 h o u r s .

" 0 .5 3  Mol-X o f  p - m e t h o x y p h e n o l  ad d ed  t o  a a .

6 Y i e l d  f o r  r e c r y s t a l l i z e d  p o l y m e r .
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c o n s i d e r a b l y  lo w  ( s e e  T a b l e  VI ) co m p a red  t o  t h a t  

o b t a i n e d  by S a e g u s a  ( M = 3 5 0 0  ) H ow ever  , OXO-BPL 

s y s t e m  d i d  n o t  show t h e  s o l u b i l i t y  c h a r a c t e r i s t i c s  shown  

by t h e  OXO-AA s y s t e m .  The OXO-BPL p o l y m e r  was  f o u n d  t o  be  

s o l u b l e  i n  s o l v e n t s  such ,  a s  w a t e r ,  m e t h a n o l ,  DMF and DMSO. 

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

from t h e s e  monomer s y s t e m s  may i n d i c a t e -  t h e  i n v o l v e m e n t  

o f  monomers t h e m s e l v e s  i n  t e r m i n a t i o n  r e a c t i o n s  s i m i l a r  

t o  t h e  MeOXO-AA monomer s y s t e m .
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6 . 0  SPECTROSCOPIC CHARACTERIZATION OF COPOLYMER

6 . 1 P r o t o n  NMR S p e c t r a

A MeOXO-AA c o p o l y m e r  ( Mn = 1 4 5 2  ) p r e p a r e d  by  

m ethod A u s i n g  a c e t o n i t r i l e  a s  t h e  s o l v e n t  was  u s e d  f o r  

c h a r a c t e r i z a t i o n  e x p e r i m e n t s . F i g u r e  5 sh o w s  t h e  3 0 0  MHz 

FT p r o t o n  NMR s p e c t r u m  o f  t h e  c o p o l y m e r  r e c o r d e d  i n  DMSO-dg 

( 100% d e u t e r a t e d  ) . S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  a t  270  

MHz. The NMR s i g n a l s  a t  1 2 . 2 5  PPM and 7 . 9 5  PPM h a v e  b e e n  

a s s i g n e d  f o r  c a r b o x y l i c  ( -C00H ) and am id e  ( -NHC0-)  

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

and t h e i r  b e h a v i o r  i n  t h e  p r e s e n c e  o f  D20.When t h e  NMR i s  

r e c o r d e d  i n  DMSO i n  t h e  p r e s e n c e  o f  a  s m a l l  amount o f  DgO, 

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

h y d r o g e n  and d e u t e r i u m .  The m u l t i p l e t  c e n t e r e d  a t  6 . 1 5  PPM 

i s  a s s i g n e d  t o  o l e f i n i c  p r o t o n s  o f  t h e  g r o u p  CH2=CHC00-.  

F i g u r e  6 sh o w s  t h e  e x p a n d e d  s p e c t r u m  i n  w h i c h  t h i s  s i g n a l  

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

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

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

c o p o l y m e r .  The b r o m i n a t e d  c o p o l y m e r  shows no s i g n a l s  i n  t h e  

r e g i o n  b e t w e e n  4 . 5  PPM and 7 . 9 5  PPM a s  t h e  -00CCHBrCH2Br  

p r o t o n s  a b s o r b  u p f i e l d  o f  4 . 5  PPM.

r o n s i d e r  t h e  s t r u c t u r e  - ( C H 2CH2~|I-CH2CH2COO)-
c h 3c = o

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

w o u ld  e x p e c t  f o u r  m u l t i p l e t s  f o r  t h e  m e t h y l e n e  p r o t o n s  o f
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FIGURE 5 .  3 0 0  MHz p r o t o n  NMR s p e c t r u m  of^leOXO-AA c o p o l y m e r . C o n d i t i o n s :  1.8% w / v  
i n  DMSO-d (100%) ; 70  p u l s e  a n g l e  ;2 5  C ; 6 . 7  s e c .  d e l a y  b e t w e e n  
p u l s e s ;  258 s c a n s  ; TMS i n t e r n a l  s t a n d a r d .
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main c h a i n  and a n o t h e r  s i g n a l  f o r  t h e  s i d e  c h a i n  m e t h y l  

g r o u p . T h e  o b s e r v e d  NMR s i g n a l s  a r e  a s s i g n e d  a s  f o l l o w s .

C h e m i c a l  S h i f t  ( PPM .) A s s i g n m e n t

1 . 8 0 S i n g l e t ,  -NHC0CH3 

D o u b l e t ,  -NC0CH3 

M u l t i p l e t ,  CH2 C0 2-  

M u l t i p l e t ,  CH2-N-CH2-  

M u l t i p l e t ,  C02CH2-  

M u l t i p l e t ,  CH2 =CHC00- 

S i n g l e t , -NHC0CH3 

S i n g l e t ,  -C00H

2 . 0

2 . 5 0

3 . 4 5

4 . 1 3

6 . 1 5

7 .  95

1 2 . 2 5

A l t h o u g h  S a e g u s a  an d  c o w o r k e r s  ( 1 4 )  r e p o r t e d  p r o t o n  NMR 

d a t a  f o r  t h e  MeOXO-AA c o p o l y m e r  , no m e n t i o n  was made o f  t h e  

p r e s e n c e  o f  s i g n a l s  f o r  c a r b o x y l i c ,  o l e f i n i c  and amido  

p r o t o n s .  S a e g u s a  and c o w o r k e r s  r e p o r t e d  NMR d a t a  s h o w in g  

o n l y  CH3 C0,  CH3 C02 , CH2NCH2 and C02 CH2 ; no a c t u a l  s p e c t r u m  

was p r e s e n t  i n  t h a t  p a p e r . T h e y  p r o p o s e d  t h e  1 : 1  a l t e r n a t i n g  

s t r u c t u r e  b a s e d  on t h e  NMR d a t a  and e l e m e n t a l  a n a l y s i s  r e s ­

u l t s .  B a l a k r i s h n a n  and P e r i y a s a m y  ( 29 ) r e p o r t e d  t h e  NMR 

o f  MeOXO-MAA c o p o l y m e r  i n  D20 .  E x c e p t  f o r  t h e  i n d i c a t e d  

p r e s e n c e  o f  two weak d o u b l e t s  a t  5 . 2  PPM f o r  o l e f i n i c  

o r o t o n s  no m e n t i o n  was made o f  -NH and -C00H s i g n a l s . T h e  

p r o p o s e d  1 : 1  a l t e r n a t i n g  s t r u c t u r e ,

i s  n o t  c o n s i s t e n t  w i t h  t h e  NMR d a t a  r e p o r t e d . T h e  p u b l i s h e d

- ( C H 2 CH2-N-CH2 CHC00*n
CH3 C=0 c h 0
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s p e c t r u m  show s t h e  s i g n a l  a r e a s  f o r  t h e  two m e t h y l s  a t  

1 . 9 5  PPM ( -C-CH3 ) and 2 . 0 5  PPM ( -COCHg ) t o  be  a b o u t  

1 : 2  i n s t e a d  o f  1 : 1  a s  i t  w o u ld  be  f o r  t h e  a l t e r n a t i n g  c o p o ­

l y m e r .

S i n c e  we o b s e r v e  c o n s i d e r a b l y  more d e t a i l  t h a n  

p r e v i o u s l y  r e p o r t e d  f o r  t h e  p r o t o n  NMR o f  t h e  MeOXO-AA c o p ­

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

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

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

a s  a  r e s u l t  o f  t h e  r e s t r i c t e d  r o t a t i o n  a r o u n d  t h e  C-N 

bomi o f  t h e  am id e  g r o u p .  The m e t h y l  g r o u p  p r o t o n s  a p p e a r  

a s  a  p a i r  o f  c l o s e l y  s p a c e d  s i n g l e t s  a t  2 . 0  PPM i n s t e a d  o f  

one  s i n g l e t .  I f  t h e r e  w e re  f r e e  r o t a t i o n  a r o u n d  t h e  C-N 

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

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

t h e  f o u r  m e t h y l e n e  g r o u p s .  H o w e v er ,  t h i s  d e t a i l  i s  n o t  

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

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

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

c o m p l i c a t e  t h e  NMR s p e c t r u m  a t  a  h i g h  f i e l d  s u c h  a s  300  

MHz. For  e x a m p l e ,  t h e  r e p e a t  u n i t  a d j a e e n t  t o  an end  group  

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

com pared t o  t h e  o t h e r  r e p e a t  u n i t s .

The d i f f e r e n c e  i n  e n v i r o n m e n t  r e s u l t i n g  from  

r e s t r i c t e d  r o t a t i o n  a ro u n d  t h e  C-N bond c a n  be  o v e r c o m e  by  

r e c o r d i n g  t h e  NMR a t  a  h i g h e r  t e m p e r a t u r e .  F i g u r e  7 show s
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t h e  1 0 0 -MHz s p e c t r u m  o f  t h e  c o p o l y m e r  r e c o r d e d  a t  1 5 0 ° C .  

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

The CH2~C00 s i g n a l  i s  now a  t r i p l e t  a s  e x p e c t e d .  The' two  

m e t h y l e n e s  a t t a c h e d  t o  n i t r o g e n  , CH2-N-CH2 , a p p e a r  a s  two  

o v e r l a p p i n g  t r i p l e t s  w i t h  some a d d i t i o n a l  s i g n a l s  w h ic h  

p r o b a b l y  a r i s e  from  end  g r o u p s ,  e . g . , - 0 CH2 CH2NHC0 CH2 . 

S i m i l a r l y  , thc-COO-CHi p r o t o n s  a p p e a r  a s  a  t r i p l e t  w i t h  

a d d i t i o n a l  s i g n a l s  a r i s i n g  from t h e  end  g r o u p s .

O v e r a l l ,  o u r  NMR s p e c t r a  show  s t r o n g  q u a l i t a t i v e  

e v i d e n c e  f o r  t h e  1 : 1  r e p e a t  u n i t  ( -CH^Hg-^-CHjjCHj^COO-^

and c a r b o x y l i c  ( COOH ) , o l e f i n i c  ( CH2 =CH-C00 ) , 

and a c e t a m i d o  ( CH^CONH ) end  g r o u p s .  The f o l l o w i n g  two  

s t r u c t u r e s  a r e  p r o p o s e d  f o r  the' MeOXO-AA c o p o l y m e r .

e d e b  d c g a '

CH^CHCOO-(CH2CH2 -]jI-CH2CH2-COO)-CH2 CH2NHCOCH3

CHqC=0
a

( X X I I I a  )

b h

C H ? « C H C 0 0 - ( C H 2 C H 2 - I j ! - C H 2 C H 2 C O O £ C H 2 C H 2 - N - C H 2 C H 2 COOH

C H ^ C = 0  C H q C = 0w- &
a  a

( X X IIIb  )

The 2 70  MHz and 30 0  MHz p r o t o n  NMR r e s u l t s  w ere  

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

and c o p o l y m e r  c o m p o s i t i o n  ( T a b l e  V I I I  ) .
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T able  VII

D egree  o f  P o l y m e r i z a t i o n  o f  MeOXO-AA Copolym er

NMR
Condi t i o n s

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

e p r o t o n s

a b c d ( a+b +c+d) ( a '+ a + b + c

300 MHz 
7 0 / 6 . 7  s e c a 1 7 . 6 1 7 . 6 2 1 . 0 1 6 . 4 1 8 . 2 1 9 . 6

270 MHz 
3 0 ° / 1 1 . 6  s e c a 2 1 . x 1 5 . 6 2 2 . 0 1 7 . 0 1 9 . 2 2 0 . 8

270  I Il ls 
30 / 6 . 6  s e c a 1 8 . 0 1 4 . 0 1 9 . 2 1 5 . 0 1 7 . 2 1 8 . 0

A v e r a g e 1 9 .  C 1 5 . 7 2 0 . 7 1 6 . 1 1 8 . 2 1 9 . 5

a P u l s e  a n g l e /  d e l a y  b e t w e e n  p u l s e s

NMR a n a l y s e s  w e r e  c a r r i e d  o u t  a t  a  3 0 ° p u l s e  a n g l e  w i t h  6 . 6  

and 1 1 . 6  s e c o n d  d e l a y s  and a t  a  7 0 °  p u l s e  a n g l e  w i t h  6 . 7  

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

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

r e s u l t s .  The v a r i a t i o n  i n  DP and c o p o l y m e r  c o m p o s i t i o n  

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

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

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

The c a l c u l a t i o n  o f  DP a s su m ed  o n e  o l e f i n i c  end

group p e r  m o l e c u l e ,  i . e . ,  t h e  c o p o l y m e r  c o n s i s t s  o f  m o l e c u l ­

e s  w i t h  s t r u c t u r e s  X X II I a  and X X I I lb  . The a , b ,
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c ,  and d p r o t o n s  i n d i v i d u a l l y  a s  w e l l  a s  t h e  t o t a l  and  

t o t a l  p l u s  a '  p r o t o n s  i n  c o m p a r i s o n  w i t h  t h e  e p r o t o n s  

were  u s e d  t o  c a l c u l a t e  DP ( T a b l e  V I I  ) .  Each DP v a l u e  

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

1 h a s  b e e n  a d d e d  t o  t h e  v a l u e  c a l c u l a t e d  fro m  t h e  NMR 

d a t a .  The v a r i o u s  DP c a l c u l a t e d  d i f f e r  i n  t h e  e x t e n t  t o  

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

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

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

They a r e  a l s o  l e s s  p r o n e  t o  an e r r o r  i n  t h e  NMR i n t e g r a l  

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

t h e y  a r e  b a s e d  on  t h e  sum o f  a l l  t h e  p r o t o n s . T h e  l a s t  two  

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

end g r o u p s  a r e  c o u n t e d .  The c a l c u l a t i o n  b a s e d  on ( a  + b + 

c + d ) p r o t o n s  u n d e r  c o u n t s  t h e  a c e t a m i d o  en d  g r o u p s  

s i n c e  t h e  a '  p r o t o n s  a r e  e x c l u d e d .  The l a s t  c a l c u l a t i o n  

w h ic h  u s e s  a 1 p r o t o n s  t o  c o u n t  a c e t a m i d o  g r o u p s  o v e r c o m p e ­

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

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

a v e r a g e  o f  t h e  two c a l c u l a t i o n s  , DP = 1 8 . 9  , i s  p r o b a b l y  

a b e t t e r  v a l u e  t h a n  e i t h e r  on e  o f  t h e  t w o .  The DP c a l c u l a t e d  

from t h e  NMR d a t a  i s  i n  e x c e l l e n t  a g r e e m e n t  w i t h  t h e  v a l u e  

o f  1 9 . 4  o b t a i n e d  from  t h e  m e a s u r e m e n t  o f  M by v a p o r  

p r e s s u r e  o s m o m e t r y .

V/e s h o u l d  a l s o  n o t e  t h e  q u a n t a t i v e  r e s u l t s  f o r  t h e  

a c e t a m i d o  NH and c a r b o x y l  end  group  p r o t o n s .  The s i g n a l  a r e a
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T a b le  V III

Copolym er c o m p o s i t io n  o f  MeOXO-AA c o p o ly m e r

NMR
C o n d i t i o n s MeOXO/AA m o l a r R a t i o  c a l c u l a t e d from p r o t o n s

a , b b , d b , c a ,  c a , d

300  MHz 
7 0 ° / 6 . 7  c e c

0 . 9 9 0 . 9 2 1 . 2 0 0 . 8 3 0 . 9 4

270 MHz 
3 0 ° / l 1 . 5  s e c

1 . 3 9 1 . 0 9 1 . 4 3 0 . 9 7 1 . 0 9

270 MHz 
3 0 ° / 5 . G  s e c

1 . 2 9 1 . 0 7 1 . 3 9 0 . 9 3 1 . 0 9

A v e r a g e 1 . 2 2 1 . 0 3 1 . 3 4 0 . 9 1 1 . 0 4

a P u l s e  a n g l e  /

«

d e l a y  be t w e e n p u l s e s

r a t i o  o f  o l e f i n i c  p r o t o n s  t o  t h e  sum o f  NH and COOH p r o t o n s  

s h o u l d  be 3 : 1  s i n c e  s t r u c t u r e s  X X I I I a , b  h a v e  o n e  o l e f i n i c  

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

e i t h e r  NH o r  COOH. H o w e v e r ,  t h i s  r a t i o  w as  f o u n d  t o  be  a b o u t  

h a l f  o f  t h e  e x p e c t e d  v a l u e ,  1 . 5 : 1 .  The m o s t  p r o b a b l e  

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

m o i s t u r e  i n  t h e  DMSO-de . W ater  a s s o c i a t e s  w i t h  NH and COOHD
r e s u l t i n g  i n  i n c r e a s e s  i n  t h e  s i g n a l  a r e a s  f o r  t h e s e  p r o t o n s .

T a b l e  V I I I  sh o w s  t h e  c o p o l y m e r  c o m p o s i t i o n s  

c a l c u l a t e d  from v a r i o u s '  c o m p a r i s o n s  o f  t h e  a ,  b ,  c ,  and d 

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

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

t h e  e x t e n t  t o  w h i c h  t h e  z w i t t e r i o n  m echa n ism  i s  r e s p o n s i b l e  

f o r  p r o p a g a t i o n .  Thus  , t h e  a '  and e p r o t o n s  h a v e  n o t  b e e n  

u s e d  i n  t h e  c a l c u l a t i o n s .  H o w e v er ,  some o f  t h e  c a l c u l a t i o n s  

i n  T a b l e  IV a r e  s t i l l  som ewhat  i n  e r r o r  s i n c e  s i g n a l  a r e a s  

f o r  d and c p r o t o n s  i n c l u d e  c o n t r i b u t i o n s  from t h e  c o r r e s p ­

o n d i n g  end  g r o u p s .  T h i s  e r r o r  i s  l e s s  t h a n  5% s i n c e  i t  i n t ­

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

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

e a c h  o f  t h e  AA and UeOXO u n i t s  w h i l e ' t h e  a c e t a m i d o  end  

group c o n t a i n s  o n l y  an I leO X O -d er ived  u n i t .  T h i s  e r r o r  i s  

l e s s  th a n  t h e  e x p e r i m e n t a l  e r r o r  i n h e r e n t  i n  t h e  NMR 

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

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

a b o v e ,  i s  p r o b a b l y  t h e  m o s t  r e l i a b l e  v a l u e .  The HeOXO-AA 

r a t i o  i s  u n i t y  w i t h i n . e x p e r i m e n t a l  e r r o r  ( a t  l e a s t  -  10 ?-.. ) .  

The d e v i a t i o n  from  p a r t i c i p a t i o n  o f  e q u i m o l a r  a m o u n ts  o f  

PeOXO and AA i n  t h e  p r o p a g a t i o n  p r o c e s s  i s  no more t h a n  

one  m o l e c u l e  p e r  t e n  e a c h  o f  MeOXO and AA.

£.2  I n f r a r e d  S p e c t r u m

The I n f r a r e d  s p e c t r u m  o f  t h e  c o p o l y m e r  ( F i g u r e  8

s u p p o r t . -  s t r u c t u r e s  X X I I I a  and X X I I I b .  Two s t r o n g  a b s o r p t i -
-1 -1on b an d s  a r e  o b s e r v e d  a t  1735  cm and 1 6 4 2  cm f o r  t h e
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e s t e r  and am id e  c a r b o n y l  g r o u p s ,  r e s p e c t i v e l y ,  o f  t h e  

r e p e a t i n g  u n i t  o f  t h e  c o p o l y m e r .  S a e g u s a  and c o w o r k e r s (  14)  

a l s o  r e p o r t e d  IR d a t a  f o r  t h e  p r e s e n c e  o f  amide- and e s t e r

p r o v i d e d .  F u r t h e r  , t h e  IR d a t a  w as  n o t  d i s c u s s e d  i n  t h a t  

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

c o p o ly m e r .W e  o b s e r v e d  t h r e e  b r o a d  b a n d s  i n  t h e  3 0 0 0 - 3 6 0 0  cm 

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

g r o u p s  o f  s t r u c t u r e s  X X I I I a  and X X I I I b .T h e  band c e n t e r e d
—1 3n e a r  3 0 5 0  cm , w h i c h  a p p e a r s  a s  a  s h o u l d e r  t o  t h e  sp

C - H  s t r e t c h i n g  v i b r a t i o n  n e a r  2955  cm , i s  a s s i g n e d  t o

c a r b o x y l  0-H s t r e t c h i n g  v i b r a t i o n  ( d i m e r i c  c a r b o x y l  )

o f  s t r u c t u r e  X X IIIb  and /  o r  t h e  o l e f i n i c  C.-H s t r e t c h i n g

v i b r a t i o n  ( 4 & ) .  The a b s o r p t i o n  band c e n t e r e d  a t  3 2 9 0  cm” 1

i s  a s s i g n e d  t o  t h e  N-H s t r e t c h i n g  v i b r a t i o n  o f  t h e

a c e t a m i d o  end  g r o u p  o f  s t r u c t u r e  X X I I I a  . The a b s o r p t i o n
_ i

band c e n t e r e d  a t  3 4 0 0  cm i s  a s s i g n e d  t o  t h e  N-H s t r e t c h i ­

ng v i b r a t i o n  a n d / o r  t h e  c a r b o x y l  0-H s t r e t c h i n g  v i b r a t i o n  

( n o n -  d i m e r i c  c a r b o x y l  ) o f  s t r u c t u r e  X X IIIb  .

The o t h e r  IR a b s o r p t i o n  b a n d s  a r e  a s s i g n e d  a s  f o l l o w s ;

c a r b o n y l s  o f  t h e  c o p o l y m e r ,  b u t  no s p e c t r u m  was

— 1A b s o r p t i o n  Band ( cm A s s i g n m e n t

2955 C-H S t r e t c h i n g  v i b r a t i o n

1422 C -N ti ii

1 1 7 2 C -0 ii

1375 C-H B e n d in g n

310 CH2 = W agging v i b r a t i o n  

o f  o l e f i n i c  group
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A b s o r p t i o n  b a n d s  a r i s i n g  from  C=C s t r e t c h i n g  v i b r a t i o n  and  

N-H b e n d i n g  v i b r a t i o n  ( amide  I I  band ) w o u ld  be  e x p e c t e d  

n e a r  t h e  am ide  c a r b o n y l  band a t  1 6 4 2  cm . A s - s e e n  i n  

F i g u r e  8 , t h e  s h a p e  o f  t h e  1 6 4 2  cm band s u g g e s t s  t h e  

p o s s i b l e  o v e r l a p p i n g  o f  a l l  t h r e e  a b s o r p t i o n  b a n d s .

13,

1 ?6 . 3  • C NMR S p e c tr u m

F i g u r e  9 s h o w s  t h e  J'"'C NMR s p e c t r u m  o f  t h e  Me0X 0-  

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

s t r u c t u r e s  X X I I I a  and  X X IIIb  w i t h  t h e  v a r i o u s  s i g n a l s  

a s s i g n e d  a s  f o l l o w s .

1 8 , 1 9  1 6 , 1 7  1 3 , 1 4  9 - 1 2  6 , 7  15  4 , 5T r T T r r - j  r
CH_=CHC00-( CHoCh o-N-CH oCHoC0 0 ) - C H oCH_NHC0CHo 2 *  2 2 | 2 2 a  n  2 a  2  A 3

1 ^ r CC° I \ 1
20  23  CH„ 22 8 21

1 - 3

X X II I a

1 8 , 1 9  1 6 , 1 7  1 3 , 1 4  9 - 1 2  6 , 7t  7 1 3 , 1 4  9 - 1 2  6 , 7

c h ;i = c h c o o - ( c h 2 c h 2 - n - c h 2 c h 2 w w w / - w . . 2 w. . 2

t
20

rJHgCOO) -CHgOTg-N-CHgCHgCOOH

23

,0=0
I
<*H3

1 - 3

22 23 CH

V
273

=0

3 24

X X IIIb

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

l i s r e c  i n  T a b l e  I X .  The a s s i g n m e n t s  o f  t h e  v a r i o u s
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13,FIGURE 9 .  2 0 . 1  MHz C NMR s p e c t r u m  o f  MeOXO-AA c o p o l y m e r .  C o n d i t i o n s :  20% w / v  i n  
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a q u i s i t i o n s ;  CH CN i n t e r n a l  s t a n d a r d .



s i g n a l s  w ere  b a s e d  on  t h e  c h e m i c a l  s h i f t  v a l u e s  i n  

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

(45 f 4 6 ) . S i g n a l s  1 - 5  w e r e  a s s i g n e d  t o  m e t h y l  c a r b o n s ,  

s i g n a l s  6 - 1 5  t o  m e t h y l e n e  c a r b o n s ,  s i g n a l s  1 6 - 1 9  t o  o l e f i ­

n i c  c a r b o n s ,  and s i g n a l s  2 0 - 2 4  t o  c a r b o n y l  c a r b o n s .  T h ese  

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

f r e q u e n c y  o f f - r e s o n a n c e  (SFOR ) d e c o u p l i n g  e x p e r i m e n t s  

i n  w h ic h  we o b s e r v e d  t h e  e x p e c t e d  s p l i t t i n g  o f  e a c h  c a r b o n  

s i g n a l  by p r o t o n s  d i r e c t l y  a t t a c h e d  t o  t h e  c a r b o n .  W i t h i n  

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

a s s i g n m e n t s  w e re  r e l a t i v e l y  e a s y  t o  make b a s e d  on c h e m i c a l  

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

o x y g e n s  ( s i g n a l s  1 3 - 1 5  ) h a v e  h i g h e r  c h e m i c a l  s h i f t s  

t h a n  t h o s e  a t t a c h e d  t o  amide  n i t r o g e n s  ( s i g n a l s  8 - 1 2  ) 

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

hed  t o  e s t e r  o r  a c i d  c a r b o n y l s  ( s i g n a l s  6 , 7  ) . W i t h i n  

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

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

c o n s i d e r e d  a s  t e n t a t i v e  a s s i g n m e n t s  s i n c e  we h a v e  no 

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

s i g n a l s  2 , 3  w e r e  a s s i g n e d  t o  t h e  m e t h y l  o f  t h e  r e p e a t i n g  

u n i t  w h i l e  s i g n a l s  1 , 4 , 5  w ere  a s s i g n e d  t o  t h e  m e t h y l s  on 

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

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

w ere  much g r e a t e r  t h a n  f o r  t h e  l a t t e r .  S i m i l a r l y ,  s i g n a l s  

1 3 , 1 4  w e r e  a s s i g n e d  t o  t h e  r e p e a t  u n i t  OCH  ̂ c a r b o n  w h i l e  

s i g n a l  15 -was a s s i g n e d  t o  t h e  OCHgOf t h e  a c e t a m i d o  end
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T a b le  IX
1 3C C h em ica l S h i f t s  o f  MeOXO-AA Copolym er

Carbon Number i n  S t r u c t u r e s  X X I I I a . b PPM3- •

1 2 1 . 1 6
2 2 1 . 4 4
3 2 1 . 6 1
4 2 2 . 7 5
5 2 2 . 8 8 '
6 3 3 . 0 9
7 3 3 . 7 5
8 3 9 . 0 2
9 4 3 . 1 6

10 4 5 . 3 2
11 4 5 . 3 2
12 4 8 . 4 5
13 6 3 . 0 6

14 6 3 . 2 7

15 6 4 . 3 6
16 1 2 8 . 0 9
17 1 2 8 . 2 4

18 1 3 3 . 4 2

19 1 3 3 . 6 5

20 1 6 8 . 6 5
21 1 7 3 . 7 8
22 1 7 4 . 3 9

23 1 7 4 . 9 9
24 1 7 6 . 1 8

a C h e m ic a l  s h i f t s  a r e  r e l a t i v e  t o  CH^CN ( m e t h y l  

c a r b o n  1 . 7 0  PPM).
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g r o u p s ;  s i g n a l s  2 2 , 2 3  w e r e  a s s i g n e d  t o  t h e  c a r b o n y l s  

o f  t h e  r e p e a t i n g  u n i t  w h i l e  s i g n a l s  2 0 , 2 1 , 2 4  w e r e  a s s i g n e d  

t o  t h e  c a r b o n y l s  o f  v a r i o u s  end  g r o u p s .  Two a s s i g n m e n t s ,  

s i g n a l s  22 and 23 , a r e  r e l a t i v e l y  a r b i t a r y . T h e  e x p e c t e d  

d i f f e r e n c e  i n  c h e m i c a l  s h i f t  f o r  e s t e r  and .amide c a r b o n y l s  

i s  t o o  s m a l l  t o  a l l o w  o n e  t o  d i f f e r e n t i a t e  b e t w e e n  them

w i t h  any  c e r t a i n t y .
13The C NMR s p e c t r u m  sh o w s  c o n s i d e r a b l e  c o m p l e x i t y  

—  many o f  t h e  c a r b o n s  show two s i g n a l s  and some o f  t h e  

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

e v i d e n t  i n  F i g u r e  9 .  I t  was  c o n f i r m e d  when we v i e v e d  t h e  

s p e c t r u m  on an e x p a n d e d  s c a l e . M a n y  o f  t h e  c a r b o n s  show  

two s i g n a l s  ( e a c h  c a r b o n  can  e x p e r i e n c e  t\\ro d i f f e r e n t  NMR 

e n v i r o n m e n t s  due t o  b o t h  s t e r i c  and a n i s o t r o p i c  e f f e c t s . )  

due t o  r e s t r i c t e d  r o t a t i o n  a b o u t  t h e  C-N am id e  b o n d . T h i s  i s  

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

( s i g n a l s  2 , 3  ) and t h e  a c e t a m i d o  en d  g r o u p  ( s i g n a l s  4 , 5  ) ,  

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

( s i g n a l s  6 , 7 , 9 - 1 4  ) ,  e a c h  o f  t h e  c a r b o n s  o f  t h e  o l e f i n i c  

-rroup ( s i g n a l s  1 6 - 1 9  ) and m o s t  o f  t h e  c a r b o n y l  c a r b o n s  

( s i g n a l s  2 0 - 2 4  ) . T h e  p r e s e n c e  o f  g r e a t e r  c o m p l e x i t y  t h a n  

two s i g n a l s  p e r  c a r b o n  i s  e v i d e n t  s i n c e  o n e  o b s e r v e s  

s h o u l d e r s  on s i g n a l s  7 - 1 2 , 1 5  , t h e  p r e s e n c e  o f  t h e  s m a l l  

s i g n a l  c c t w e e n  s i g n a l s  11 and 12 and t h e  p r e s e n c e  o f  more  

th a n  o ne  s h o u l d e r  on e a c h  o f  s i g n a l s  2 1 - 2 3 .  T h i s  c o m p l e x i t y  

i n  t h e  l o C NMR s p e c t r u m  i s  a s c r i b e d  t o  t h e  low  m o l e c u l a r  

v . e i g h t  o f  t h e  MeOXO-AA c o p o l y m e r .  Each o f  t h e  r e p e a t i n g
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u n i t s  i n  a  m o l e c u l e  o f  t h e  c o p o l y m e r  i s  n o t  e x a c t l y  

e q u i v a l e n t  . The same t y p e  o f  c a r b o n  atom  ( e . g .  t h e  CHgM 

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

on i t s  p l a c e m e n t  r e l a t i v e  t o  t h e  en d  g r o u p s .

7 . 0  HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

7 . 1  F r a c t i o n a t i o n  o f  C o p o lv m er

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

to  be  a  v e r y  u s e f u l  t e c h n i q u e  t o  a n a l y z e  t h e  MeOXO-AA 

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

m e th a n o l  and w a t e r  a s  w e l l  a s  i t s  l o w  m o l e c u l a r  w e i g h t ,  

f a s c i l i t A t e d  t h e  u s e  o f  a  pBondapak C18 r e v e r s e  p h a s e  

co lumn f o r  t h e  HPLC a n a l y s i s .  Due t o  t h e  p r e s e n c e  o f  

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

d e t e c t o r  w as  u s e d  a t  t h e  wave l e n g h t  o f  21 0  nm. The 

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

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

h y d r o l y z e  t h e  t h e  c o p o l y m e r .  T h i s  w as  a s c e r t a i n e d  by  

o b s e r v i n g  t h e  HPLC r e s u l t s  t o  be  i n d e p e n d e n t  o f  w h e t h e r  

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

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

i n t o  t h e  HPLC c o l u m n .

F i g u r e  10  sh o w s  t h e  h i g h  p e r f o r m a n c e  l i q u i d  

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

s a m p l e s  o f  AA and MeOXO. I t  i s  e v i d e n t  from  F i g u r e  10  

t h a t  t h e  p u r i f i e d  c o p o l y m e r  s a m p l e  d o e s  n o t  c o n t a i n  any
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FIGURE 1 0 .  A: HPLC o f  a  m i x t u r e  o f  AA and MeOXO ( a u t h e n t i c  compounds) o n  a
pBondapak Cl g  c o lu m n .  M o b i l e  p h a s e :  m e t h a n o l - w a t e r - T F A  ( 1 0 0 : 9 0 0 : 0 . 2 5 )

B. HPLC o f  MeOXO-AA c o p o l y m e r  u n d er  same HPLC c o n d i t i o n s .
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FIGURE 1 2 .  HPLC o f  p u r i f i e d  f r a c t i o n s  on a  pbondap ak  c o lu m n .  M o b i le  p h a s e  
m e t h a n o l - w a t e r - T F A  ( 3 5 0 : 6 5 0 : 0 . 8 )  f o r  f r a c t i o n s  P_ t h r o u g h  P q and  
m e t h a n o l - w a t e r - T F A  ( 4 0 0  6 0 0 : 0 . 8 )  f o r  f r a c t i o n s  P . Q t h r o u g h  P12 . 
The s c a l e  i s  t h e  same on a l l  p l o t s .



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

13c a r b o x y l  p r o t o n  and C s i g n a l s  i n  t h e  NMR o f  t h e  c o p o l y m e r  

a r e  due t o  o l e f i n i c  and  c a r b o x y l  end  g r o u p s  and n o t  u n r e a c ­

t e d  a c r y l i c  a c i d .

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

r e n t  s o l v e n t  s y s t e m  t o  e x a m in e  how many d i f f e r e n t  f r a c t i o n s  

a r e  p r e s e n t  i n  t h e  c o p o l y m e r .  F i g u r e  11 sh o w s  t h e  c h r o m a t o ­

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

13 d i f f e r e n t  f r a c t i o n s . T h e  c o p o l y m e r  w as  f r a c t i o n a t e d  by  

p r e p a r a t i v e  HPLC u s i n g  t h e  m eth od  d e s c r i b e d  i n  t h e  e x p e r i m ­

e n t a l  s e c t i o n  4 . 9 b .  Ten o f  t h e  13  f r a c t i o n s  w e re  i s o l a t e d  . 

F r a c t i o n s  P ^ ,  P g . a n d  P^ w e r e  n o t  i s o l a t e d  s i n c e  t h e y  e l u t e d  

from t h e  c o lu m n  a s  m i x t u r e s .  A n a l y t i c a l  HPLC o f  n i n e  d i f f e ­

r e n t  f r a c t i o n s  a f t e r  f r a c t i o n a t i o n  a r e  shown i n  F i g u r e  1 2 .  

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

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

a s  e v i d e n t  fro m  t h e  c h r o m a to g r a m s  shown i n  f i g u r e  1 2 .

7 . 2  30 0  MHz P r o t o n  NMR S p e c t r a  o f  I s o l a t e d  F r a c t i o n s

Each i s o l a t e d  f r a c t i o n  w as  a n a l y z e d  by 3 0 0  MHz 

p r o t o n  NMR s p e c t r o s c o p y .  A l l  t h e  f r a c t i o n s  show ed  s i m i l a r  

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

and f o r  o l e f i n i c  en d  g r o u p s . H o w e v e r  , t h e r e  w e r e  c o n s i d e r a ­

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

c a r b o x y l  en d  g r o u p s  w e re  . p r e s e n t . F r a c t i o n s  Pg , Pg , Pg and  

P showed s i g n a l s  f o r  ace-camido end g r o u p s  b u t  n o t  f o r  

c a r b o x y l  . F r a c t i o n s  Pg , Pg l  P 7 , , P 1? ,a n d  P^^ showed
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s t r o n g  s i g n a l s  f o r  c a r b o x y l  end  g r o u p s  and much w e a k e r  

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

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

f r a c t i o n s  c a n  be  due t o  t h e  p r e s e n c e  o f  m in o r  a m o u n ts  o f  

a d j a s c e n t  f r a c t i o n s .  F o r  i n s t a n c e ,  f r a c t i o n  Pg may c o n t a i n  

a m in o r  amount o f  Pg . F i g u r e  13 sh o w s  t h e  p r o t o n  NMR s p e c t r a

o f  P.. and P_ a s  r e p r e s e n t a t i v e  e x a m p l e s  o f  t h e  two g r o u p sb b
o f  f r a c t i o n s .  B a s e d  on NMR r e s u l t s  t h e  f o l l o w i n g  s t r u c t u r e s  

a r e  p r o p o s e d  f o r  t h e s e  two f r a c t i o n s .

F r a c t i o n  P c :5

CH?=C rlC O O -(C H 2 CH2 -N ~ C H 2 CH2C O O - )7 C II2 CH2 - N - C H 2 CH2 COOH

CHgC=0 CH3 C=0

F r a c t i o n  P c :6

CI-;2=CHCOO- ( CHgCHg-iy-CHgCHgCOO-) 7 CH2CH2NHCOCH3
CH3 C=0

In  t h e  MUR s p e c t r u m  o f  Pg , t h e  s i g n a l s  d and c sh ow s  

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

s D e c tr u m  o f  Pc . T h e s e  a d d i t i o n a l  s i g n a l s  c a n  be  c o n s i d e r e db
a s  due t o  t h e  two m e t h y l e n e  g r o u p s  -OCI-Ig- and -NHCHg- 

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

o f  P_ n a s  s l i ^ h t l v  rr.ore d e t a i l s  due t o  t h e  -CH0-  n e x t  t oo ’ " ^
t h e  -CGOM end  - r o u p . B a s e d  on NMR r e s u l t s  , t h e  f i r s t  group  

c f  f r a c t i o n s  ( P ^ . P p . P ^ ,  P 1Q ) h a v e  s t r u c t u r e s  X X I I I a  i n
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'I0UHE 1 3 .  300  MHz FT p r o t o n  NMR s p e c t r a  o f  f r a c t i o n s  Pg and P g .
r „ :  c o n d i t i o n s :  1 . 6 F  v;/v i n  DMSO-dg( 100F)  ; 5 0 °  p u l s e  a n g l e ;
4 . 7  s e c .  d e l a y  b e t w e e n  p u l s e s ;  2 5 ° C ; 12 8  a c q u i s i t i o n s .  

.r-r : C o n d i t i o n s :  IF; v / /v  i n  DMSO-dg ( 1 00F)  , 5 0 °  p u l s e  ang  
-- .7 s e c  d e l a y  b e t \ : e e n  p u l s e s :  25°C; 256 a c q u i s i t i o n s .
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w h ich  t h e  end g r o u p s  a r e  o l e f i n i c  and a c e t a m i d o . T h e  o t h e r  

f r a c t i o n s  h a v e  m a i n l y  s t r u c t u r e  X X IIIb  i n  w h ic h  t h e  end  

r/roups a r e  o l e f i n i c  and c a r b o x y l  w i t h  t h e  p r e s e n c e  o f  

m in o r  a m o u n ts  o f  s t r u c t u r e  X X I I I a  s p e c i e s .

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

f o r  t h e  v a r i o u s  f r a c t i o n s  w e re  c a l c u l a t e d  from t h e  s i g n a l  

a r e a s  f o r  a ,  b ,  c ,  and d p r o t o n s  and  a r e  shown i n  T a b l e  X.

T a b l e  X

D e g r e e  o f  P o l y m e r i z a t i o n  o f  MeOXO-AA C o p o ly m er  F r a c t i o n s

F r a c t i o n DP MeOXO/AA

P3 1 2 . 4 0 . 9 1

P 5 1 3 . 2 0 . 8 2

D
A 6 1 4 . 2 0 . 9 6

P 7
1 7 . 8 0 . 8 9

Poo 1 8 . 0 0 . 8 4

P9 2 0 . 0 0 . 8 7

P 
* 10 2 6 . 6 1 . 0 3

*“l l 3 3 . 2 0 . 8 8

P 12 2 7 . 0 0 . 9 0

P13 2 6 . 2 0 . 8 9

The MeOXO-AA r a t i o  i s  c l o s e  t o  u n i t y  a s  f o u n d  f o r  t h e  

u n f r a c t i o n a t e d  c o p o l y m e r  s a m p l e .  DP v a l u e s  f o r  t h e  f r a c t i o n s
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v/ere c a l c u l a t e d  fr o m  a  c o m p a r i s o n  o f  t h e  s i g n a l  a r e a s  f o r  

a ' ,  a ,  b ,  c ,  d p r o t o n s  t o  t h e  s i g n a l  a r e a  f o r  e p r o t o n s .

The r e s u l t s  i n d i c a t e  t h a t  t h e  HPLC s e p a r a t i o n  _is  b a s e d  on 

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

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

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

m o l e c u l a r  w e i g h t .  F o r  t h e  l o w e r  DP f r a c t i o n s ,  t h o s e  w i t h  . 

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

n r o u p s (  com pare  Py and Pg ) when t h e  DP i s  t h e  same f o r  t h e  

two t y p e s  o f  f r a c t i o n s .  Hov/ever ,  t h e  r e v e r s e  i s  t r u e  f o r  t h e  

h i g h e r  DP f r a c t i o n s  ( P 1Q and P ^2 ) . A n o t h e r  an om oly  i s  

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

f o r  f r a c t i o n s  p 1 1 » P ]_2» and P 13* T h e s e  r e s u l t s  i n d i c a t e  

t h a t  some f a c t o r  o t h e r  t h a n  m o l e c u l a r  w e i g h t  and end  group  

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

d i f f e r e n c e s  ( 48  ) b e t w e e n  t h e  v a r i o u s  f r a c t i o n s  w h i c h  

o v e r r i d e  t h e  o t h e r  two f a c t o r s .

F r a c t i o n s  w i t h  lo w  and some i n t e r m e d i a t e  DP v a l u e s  

a r e  a b s e n t  from  t h e  r e s u l t s  shown i n  T a b l e  X. The m i s s i n g  

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

P , P 2 , and P^ a s  w e l l  a s  t h e  e t h e r  s o l u t i o n  w h i c h  r e s u l t s  

when t h e  MeOXO-AA c o p o l y m e r  i s  p r e c i p i t a t e d  from  t h e  

r e a c t i o n  m i x t u r e .  The a b s e n c e  o f  come i n t e r m e d i a t e  DP 

' ■ ' r a c t i o n s  n a v  i n d i c a t e  t h a t  some o f  t h e  i s o l a t e d  f r a c t i o n s  

c o n t a i n  m i x t u r e s .  F o r  e x a m p l e ,  P^Q may c o n t a i n  m o l e c u l e s  

w i t h  DP l e s s  t h a n  2 6 . 6  and ~ r e a t e r  t h a n  2 6 . 6 .
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S.O HYDROLYSIS OF COPOLYMER

F u r t h e r  p r o o f  f o r  t h e  p r o p o s e d  s t r u c t u r e s  X X I I I a  

and X X IIIb  was  o b t a i n e d  by a n a l y s i s  o f  t h e  p r o d u c t s  from  

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

h y d r o l y s i s  o f  s t r u c t u r e  X X IIIb  w o u ld  y i e l d  N - ( 2 - h y d r o x y -  

e t h y l  ) - ^ - a l a n i n e  and  a c e t i c  a c i d  fro m  t h e  r e p e a t i n g ,  u n i t  

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

1 .  OH"
X X IIIb   ------------- (n + 1 )  H0CHoCHoNHCHoCHoC00H + ( n + 1 )  CHo C00H

9  T-T n
3 (XXIV) (XXV)

+  C H p a C H C O O H

(XXVI) ( 3 1 )

i . on"
X X I I I a  ------------- n HOCHgCH^HCHgCHgCOOH + ( n + 1 )  CHgCOOH

2 .  M3 0
+ ch2 =chcooh + hocii2 ch2nh2

(XXVII)  ( 3 2 )

H y d r o l y s i s  o f  s t r u c t u r e  X X I I I a  w o u ld  y i e l d  XXIV, XXV, XXVI 

and e t h a n o l a m i n e  from  t h e  a c e t a m i d o  e n d  g r o u p .

P r e s e n c e  o f  h o m o s e q u e n c e  o f  e i t h e r  monomer w o u ld  

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

r e s p e c t i v e l y .

i o n o s e a u e n c e  o f  a c r y l i c  a c i d ;
1. 01 f

-(C}i0C!;o-N -C H 0CH0C O O - ) - ( C H pCH C 0 0 - )  --------------— »2 2 | 2 2 n 2 2 m H O
CH„C=0 3

r.. MOCi-UCH.COOH + XXV + XXIV ( 3 3 )2 d
(X X V I I I )
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Homosequence of MeOXO;

1. OH"
-  ( CM«CH0-I'J—) — ( CHoCHo -N-CH„CHoC 0 0 -  )2 2 | 'm v~“ 2 ~ “ 2 T 2 ' n  ~

CM 0 = 0  C H o C = 0  3
3 3

HO(CH2 CH2-N H )m+1CH2CH2 COOH + XXV

(XXIX) ( 3 4 )

A l t h o u g h  S a e g u s a  and c o w o r k e r s  ( 14 ) r e p o r t e d  

e v i d e n c e  from h y d r o l y s i s  e x p e r i m e n t s  t o  s u p p o r t  t h e  

s t r u c t u r e ,  t h e  r e s u l t s  w e r e  l e s s  t h a n  c o n c l u s i v e  s i n c e  no 

a t t e m p t  was  made t o  i s o l a t e  any  o f  t h e  p o s s i b l e  h y d r o l y s i s  

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

g r o u p s . T h e y  p r o v i d e d  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  XXIV and  

XXVI among t h e  h y d r o l y s i s  p r o d u c t s  by c o m p a r in g  t h e  p r o t o n  

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

a u t h e n t i c  com pou nds  o f  XXIV and XXV.

F i g u r e  14  sh ow s  t h e  a n a l y t i c a l  HPLC o f  t h e  

h y d r o l y z e d  MeOXO-AA c o p o l y m e r  a f t e r  a c i d i f i c a t i o n  w i t h  

MCI . The t h r e e  p e a k s  w e re  a t t r i b u t e d  t o  N - ( 2 - h y d r o x y e t h y l >  

- 0 - a l a n i n e ,  a c e t i c  a c i d ,  and a c r y l i c a c i d  r e s p e c t i v e l y ,  i n  

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

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

from t h e  h y d r o l y s i s  o f  t h e  end  g r o u p  , t h e  o b s e r v e d  

r e l a t i v e l y  l a r g e  a r e a  f o r  t h a t  p e a k  i s  a s  a  r e s u l t  o f  

t h e  l a r g e  e x t i n c t i o n  c o e f f i c i e n t  o f  a c r y l i c  a c i d . T h e  

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

a t  2 1 0  nrn w e re  d e t e r m i n e d  and f o u n d  t o  be 35 and 2521  

r e s p e c t i v e l y . T h e  r a t i o  o f  a c r y l i c  a c i d  t o  a c e t i c  a c i d  i n
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FIGURE 1 4 .  A: HPLC o f  MeOXO-AA c o p o l y m e r  h y d r o l y z a t e  on a 
pBondapalc C^g co lum n u s i n g  w a te r - T F A  ( 5 0 0 : 0 . 3 )  

a s  t h e  m o b i l e  p h a s e .
B: HPLC o f  an a u t h e n t i c  s a m p l e  o f  N - ( 2 - h y d r o x y -  
e t h y l ) -  j J - a l a n i n e  u n d e r  t h e  same HPLC c o n d i t i o n s ,
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t.oe h y d r o l y s i s  p r o d u c t s  v.'hen c a l c u l a t e d  b a s e d  on t h e s e  

r e s u l t s  v.-as 1 : 1 9 .  T h i s  v a l u e  i s  h i g h e r  t h a n  t h e  e x p e c t e d  

v a l u e  ( 1 : 9  ) o b t a i n e d  from NMR d a t a  and m o l a c u l a r  w e i g h t  

d a t a .  Two p o s s i b l e  r e a s o n s  can be  m e n t i o n e d  f o r  t h i s  d i f f e ­

r e n c e  .

i ) .  The a r e a  f o r  t h e  a c e t i c  a c i d  p e a k  was  

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

l i n e  s e p a r a t i o n .  A t t e m p t  t o  f i n d  a s o l v e n t  s y s t e m  t o  g e t  

a b e t t e r  s e p a r a t i o n  was  n o t  s u c c e s s f u l .

i i ) .  S i n c e  t h e  h y d r o l y s i s  was  done  a t  100°C .""the

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

ns  s u c h  a s  p o l y m e r i z a t i o n  w h ic h  m akes  t h e  a r e a  o f  AA 

s m a l l e r  t h a n  t h e  r e a l  v a l u e .
4 ^
V/e i s o l a t e d  H - ( 2 - h y d r o x y e t h y l  ) - 0 - a l a n i n e  i n  

pu re  form from t h e  h y d r o l y s i s  p r o d u c t s .  The p r o t o n  NMR 

sp ec -era  ( F i g u r e  15 ) and mp w e re  i d e n t i c a l  w i t h  t h o s e  o f  

"he a u t h e n t i c  com pou nd .

P r o t o n  MiiR o f  N - ( 2 - h y d r o x y e t h y l ) - £ - a l a n i n e ;

H0CHoCHoNHCH_CHoC00H
/ 2 V 2 \

3 . 8 6  3 . 2 4  2 . 5 8

; C h e m i c a l  s h i f t  i n  PPM w i t h  r e s p e c t  t o  i n t e r n a l  TMS, s i g n a l s  

f o r  OH,  NH and COOH p r o t o n s  a p p e a r  a s  o n e  s i g n a l  a t  4 . 7  PPM 

s i n c e  th e  NMR w as  r e c o r d e d  i n  D20 .  )

The p r e s e n c e  o f  a c r y l i c  a c i d  and a c e t i c  a c i d  

■ - ; v  r . v c r o l y s i s  p r o d u c t s  was shown by g a s  c h r o m a t o —

  - o c t i o r  4 . ” ) and a n a l y t i c a l  HPLC ( F i g u r e  1 6 ) .
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FIGURE 1 5 .  1 0 0  MHz p r o t o n  NMR Of
A: N - ( 2 - h y d r o x y e t h y l ) - 3 - a l a n i n e  ( a u t h e n t i c

compound) i n  D20 (8% w / v )  a t  room t e m p e r a t u r e .

B: S am ple  i s o l a t e d  from  h y d r o l y z e d  MeOXO-AA
c o p o l y m e r  i n  D20 ( 6% w / v )  a t  room t e m p e r a t u r e .  
I n t e r n a l  s t a n d a r d  DSS.
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FI CURL 1 5 .  A: HPLC o f  a m i x t u r e  o f  a c e t i c  a c i d  and a c r y l i c  
a c i d  on a  pB ondapak C^g co lu m n  u s i n y  v/ater-TFA  
( 5 0 0 : 0 . 3 )  a s  t h e  m o b i l e  p h a s e .
5:  HPLC o f  t h e  e l u e n t  fro m  t h e  c a t i o n  e x c h a n g e  
r e s i n  co lum n u n d e r  t h e  same HPLC c o n d i t i o n s .
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A t t e m p t e d  i s o l a t i o n  o f  e t h a n o l a m i n e  fro m  t h e  h y d r o l y s i s  

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

amount p r e s e n t . T h e r e f o r e  t h i s  m a t e r i a l  w as  c o n v e r t e d  t o  

i t s  d i b e n z o y l  d e r i v a t i v e  d i r e c t l y  from  t h e  h y d r o l y s i s  

m i x t u r e  and p u r i f i e d  by  HPLC. C o m p a r i s o n  o f  t h e  p r o t o n  NMR 

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

compound ( F i g u r e  18  ) c l e a r l y  i n d i c a t e d  t h a t  t h e  i s o l a t e d  

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

P r o t o n  NMR o f  d i b e n z o a t e  o f  e t h a n o l a m i n e ;

( C h e m i c a l  s h i f t  i n  PPM from  i n t e r n a l  TMS.)

The p r e s e n c e  o f  t h r e e  m u l t i p l e t s  f o r  t h e  p r o t o n s  o f  t h e  two  

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

a b o u t  t h e  C-H b o n d .  In t h e  b e n z o y l a t i o n  p r o c e d u r e  , a  

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

d i b e n z o a t e  o f  e t h a n o l a m i n e . T h i s  i s  t h e  co m p o n en t  w i t h  a  

r e t e n t i o n  t im e  s l i g h t l y  b e l o w  7 m i n u t e s  i n  t h e  HPLC i n  

F i g u r e  17 „ ( The co m p o n en t  w i t h  a  2 m i n u t e  r e t e n t i o n  t i m e  

i s  t h e  s o l v e n t .  ) The m in o r  p r o d u c t  w as  s e p a r a t e d  by HPLC 

and i t s  p r o t o n  NMR " o b s e r v e d . T h e  p r o t o n  NMR show ed  com plex  

a b s o r p t i o n s  i n  t h e  a r o m a t i c  r e g i o n  7 . 1 - 7 . 9  PPM and b r o a d  

a l i p h a t i c  a b s o r p t i o n s  a t  3 . 6 ,  3 . 8 ,  and 4 . 4  PPM w i t h  an 

o v e r a l l  a r o m a t i c : a l i p h a t i c  p r o t o n  r a t i o  o f  a b o u t  2 . 1 : 1 .

The m ost  l i k e l y  p o s s i b i l i t y  f o r  t h i s  p r o d u c t  i s  t h e  

t r i b e n z o a t e  d e r i v a t i v e  o f  N -(  2 - h y d r o x y e t h y l ) - / 3 - a l a n i n e

3 .,82 H «-(6 . 9 ) 
C00CHo CIIo—N—CO0

7 . 3 6  4 . 5 2
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FIGURE 1 7 .  HPLC o f  c r u d e  b e n z o y l a t e d  p r o d u c t  (A) and p r o d u c t  a f t e r  p u r i f i c a t i o n  
( B ) .  S t a t i o n a r y  p h a s e :  pBondapak C1 „ c o l u m n . M o b i l e  p h a s e :  m e t h a n o l -
v /ater-TFA ( 5 5 0 : 4 5 0 : 0 . 0 ) .



3  P P M

3  P P M

FIGURE 1 8 .  1 0 0  MHz p r o t o n  NHR o f

A: 0COOCH^CH Î'1HCO0 ( a u t h e n t i c  s a m p l e )  i n  CDC1 (OH v//v)
a t  room t e m p e r a t u r e .

B: Compound i s o l a t e d  a f t e r  b e n z o y l a t i o n  o f  h y d r o l y z e d
HeOXO-AA c o p o l y m e r  i n  CDC1_ ( 4 v; /v )  a t  room 
t e m p e r a t u r e .
I n t e r n a l  s t a n d a r d  TMS.
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w h ic h  w ou ld  h a v e  an a r o m a t i c : a l i p h a t i c  p r o t o n  r a t i o  o f  

1 . 9 : 1  and c o m p le x  o r  b r o a d  p a t t e r n s  f o r  b o t h  a r o m a t i c  and  

a l i p h a t i c  r e g i o n s .  B e n z o a t e  d e r v a t i v e  o f  XXVIII and XXIX 

a r e  n o t  l i k e l y  p o s s i b i l i t i e s . T h e  d i b e n z o a t e  d e r i v a t i v e  o f  

XXVIII w o u ld  h a v e  a  s i m p l e  a b s o r p t i o n  p a t t e r n  i n  t h e  

a l i p h a t i c  r e g i o n  and a  a r o m a t i c : a l i p h a t i c  p r o t o n  r a t i o  o f  

2 . 5 : 1 .  The t e t r a b e n z o a t e  o f  XXIX ( w i t h  m=l ) w o u ld  h a v e  

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

an a r o m a t i c : a l i p h a t i c  p r o t o n  r a t i o  o f  o n l y  1 . 6 7 : 1 .

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

s t r u c t u r e s  XXIIla.  and  X X I I I b .  No e x p e r i m e n t a l  e v i d e n c e  h a s

b e e n  fo u n d  f o r  s i g n i f i c a n t  a m o u n ts  o f  h o m o s e q u e n c e s  o f
« •

e i t h e r  MeOXO o r  AA.

9 . 0  DIRECT PROTON NMR ANALYSIS OF REACTION MIXTURE

9 . 1  2 - M e t h y l - 2 - 0 x a z o l i n e  and A c r y l i c  A c i d

e x p e r i m e n t  w as  t o  f i n d  e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  

' • e n e t i c  z w i t t e r i o n  i n t e r m e d i a t e s  s u c h  a s  XXXI d u r i n g  t h e  

c o p o l y m e r i z a t i o n  r e a c t i o n .

I n  summary., t h e  h y d r o l y s i s  e x p e r i m e n t s  h a v e  shown

The m ain  o b j e c t i v e  o f  t h e  d i r e c t  NMR a n a l y s i s

CH_=CHC00H

( XXXI)

he l a r g e  d i f f e r e n c e  i n  c h e m i c a l  s h i f t s  f o r  v a r i o u s
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p r o t o n s  o f  t h e  two ir.onomers ( s e e  T a b l e  I I  ) e n a b l e s  

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

um o f  a  m i x t u r e  o f  t h e  two monomers r e c o r d e d . I f  g e n e t i c  

z w i t t e r i o n  i n t e r m e d i a t e s  a r e  fo r m e d  , t h e  NMR s i g n a l  o f  

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

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

( l o w e r  f i e l d  ) t h a n  t h a t  o f  t h e  monomer MeOXO and t h e  

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

o f  s u c h  a  m e t h y l  g r o u p ,  t h e  m o d e l  compound N - m e t h y l - 2 -  

m e t h y l - 2 - o x a z o l i n i u m  i o d i d e  ( XXXII ) w as  p r e p a r e d . T h e  100  

MHz p r o t o n  NMR d a t a  o f  t h e  m od el  compound XXXII a r e  shown  

b e lo w

C h e m ic a l  s h i f t  
(PPM)

2 . 3 2

3 . 3 2  

4 . 1 6  

4 . 9 1

( S p e c t r a  t a k e n  a t  100  MHz i n  CDgCN w i t h  T'MS a s  t h e  

i n t e r n a l  s t a n d a r d .  )

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

m od el  compound a p p e a r s  a t  2 . 4 3  PPM. T h e r e f o r e  i t  i s  

r e a s o n a b l e  t o  e x p e c t  a  s i g n a l  a r o u n d  2 . 4 3  PPM f o r  t h e  r e a c ­

t i o n  m i x t u r e  i f  g e n e t i c  z w i t t e r i o n  i n t e r m e d i a t e s  a r e  

form ed  d u r i n g  t h e  c o p o l y m e r i z a t i o n  r e a c t i o n . F i g u r e  19A

A s s i g n m e n t

C-CH,

N-CH,

H-CH,

0-CH,

■N-CH

(XXXII)
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'CH„-CH„COO+ CH.-CHCOOH

p PPM3 2233
FIGURE 1 9 .  10 0  MHz p r o t o n  NMR s p e c t r u m  o f  an e q u i m o l a r  

m i x t u r e  o f  AA and MeOXO i n  CD^CN. A: 3 h o u r s  
a f t e r  m i x i n g .  B: 2 h o u r s  a t  60  C. C: 15 h o u r s  a t  
5 0 ° C . D: C o m p l e t e  s p e c t r u m  a f t e r  4 0  h o u r s  a t  60  C.
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show s t h e  1 . 5 - 3  PPM r e g i o n  o f  t h e  100  MHz p r o t o n  NMR 

s p e c t r u m  o f  an e q u i m o l a r  m i x t u r e  o f  MeOXO and AA i n  

a c e t o n i t r i l e  a t  room t e m p e r a t u r e  ( 25°C ) .The- s i g n a l  a t  

1 . 9 8  PPM i s  a s s i g n e d  f o r  t h e  m e t h y l  g r o u p  o f  t h e  monomer  

and t h e  new s i g n a l  a t  2 . 3 2  PPM c a n  be  a s s i g n e d  t o  t h e  

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

F i g u r e  19B and I9C sh ow s  t h e  same r e g i o n  NMR s p e c t r u m  o f  

t h e  r e a c t i o n  m i x t u r e  a f t e r  two h o u r s  and 15 h o u r s  o f  

r e a c t i o n  t i m e  a t  60°C , r e s p e c t i v e l y .  F i g u r e  19D show s  

t h e T c o m p l e t e  s p e c t r u m  o f  t h e  r e a c t i o n  m i x t u r e  a f t e r  40  

h o u r s  o f  r e a c t i o n  t i m e  a t  6 0 ° C .  As  t h e  r e a c t i o n  p r o c e e d s ,  

t h e  a p p e a r a n c e  o f  s i g n a l s  a t  2 . 0 6  PPM due t o  t h e  m e t h y l  

?roup o f  c o p o l y m e r  and a t  1 . 9 0  PPM due t o  t h e  m e t h y l  group  

o f  -NHCOCHg c a n  be  o b s e r v e d .  The m u l t i p l e t  a t  2 . 5 0  PPM i s  

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

c o p o l y m e r . T h e  i n t e n s i t y  o f  t h e  s i g n a l  a t  2 . 3 2  PPM d e c r e a s e d  

g r a d u a l l y  w h i l e  t h e  i n t e n s i t i e s  o f  t h e  s i g n a l s  a t  2 . 0 6 ,

1 . 9 0 ,  2 . 5  PPM i n c r e a s e d  w i t h  t h e  p r o g r e s s  o f  t h e  r e a c t i o n .  

F i g u r e  19D w h i c h  sh o w s  t h e  c o m p l e t e  s p e c t r u m  o f  t h e  

r e a c t i o n  m i x t u r e  a f t e r  40  h o u r s  o f  r e a c t i o n  t i m e  a t  6 0 ° C ,  

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

s i g n a l  a t  2 . 3 2  P P M . F u r t h e r , t h e  s p e c t r u m  d i d  n o t  show  any  

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

( 3 d a y s  a t  60°C ) . The d i s a p p e a r a n c e  o f  t h e  s i g n a l  a t

2 . 3 2  PPM may i n d i c a t e  t h a t  a l l  t h e  a c t i v e  p o l y m e r  c h a i n s  

u n d e r g o  some form  o f  t e r m i n a t i o n  .T he  o t h e r  i m p o r t a n t
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r e s u l t s  o f  t h i s  e x p e r i m e n t  can  be  su m m a r iz e d  a s  f o l l o w s .

i ) .  A b r o a d  s i g n a l  a t  7 . 1 2  p p m  s t a . r t e d  t o  a p p e a r  

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

o f  t h e  s i g n a l  a t  1 . 9  PPM. The a r e a  r a t i o  o f  t h e s e  s i g n a l s  

was a p p r o x i m a t e l y  1 : 3 .  T h e r e f o r e ,  t h i s  b r o a d  s i g n a l  ca n  be  

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

-  MHCOCHg. The h i g h  f i e l d  o b s e r v e d  f o r  t h i s  s i g n a l  com pared  

t o  t h e  p o s i t i o n  o f  t h e  NH a t  7 . 9 5  PPM o f  t h e  i s o l a t e d  

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

from t h e  u s e  o f  two d i f f e r e n t  s o l v e n t s  ( 7 . 1 2  PPM i n  CD^CN 

and 7 . 9 5  PPM i n  DMSO-dg).  The b r o a d  s i g n a l  s t a r t e d  t o  a p p e a r  

i n  t h e  s p e c t r u m  o f  t h e  r e a c t i o n  m i x t u r e  a f t e r  a b o u t  two  

h o u r s  o f  r e a c t i o n  t i m e  a t  6 0 ° C .  The a p p e a r a n c e  o f  t h e  NH 

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

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

t y p e  end  g r o u p s .

i i ) .  The a s s i g n m e n t  o f  t h e  2 . 3 2  PPM s i g n a l  i n  

F i g u r e  19A t o  t h e  g e n e t i c  z w i t t e r i o n  a p p e a r s  d e f i n i t i v e .

O t h e r  p o s s i b i l i t i e s  f o r  t h i s  d o w n f i e l d  s h i f t e d  C-CH3 s i g n a l  

a r e  t h e  C-CH^ o f  t h e  p r o t o n a t e d  MeOXO and t h e  C-CH^ o f  

m a c r o z w i t t e r i o n . T h e  f o r m e r  i s  e x c l u d e d  s i n c e  no NH t y p e  

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

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

s i n c e  no  s i g n a l s  c h a r a c t e r i s t i c  o f  t h e  r e p e a t i n g  u n i t  a r e  

p r e s e n t  i n  F i g u r e  19A.

i i i ) .  The p o s i t i o n  o f  t h e  c a r b o x y l i c  p r o t o n  s i g n a l
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c h a n g e d  w i t h  t h e  r e a c t i o n  t i m e  from  an i n i t i a l  v a l u e  o f  

1 2 . 6 3  PPM t o  1 0 . 6  PPM a f t e r  40  h o u r s  o f  r e a c t i o n  t i m e .  T h i s  

may be  due t o  t h e  c h a n g e  i n  t h e  c o n c e n t r a t i o n  o f  AA a s  t h e  

r e a c t i o n  p r o c e e d s .

i v ) . Even a f t e r  a v e r y  l o n g  r e a c t i o n  t i m e  ( 3 d a y s  

a t  6 0 ° C ) , t h e  NMR s p e c t r u m  o f  t h e  r e a c t i o n  m i x t u r e  show ed  

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

o l e f i n i c  p r o t o n  s i g n a l s  ( m u l t i p l e t  a t  6 . 0  PPM ) . F u r t h e r ,  t h e  

a r e a  r a t i o  f o r  c a r b o x y l i c  p r o t o n  s i g n a l  t o  o l e f i n i c  p r o t o n s  

s i g n a l s  w as  1 : 4 . 8  a f t e r  40  h o u r s  o f  r e a c t i o n  t i m e  w h i c h  

s h o u l d  be  1 : 3  i f  t h e s e  s i g n a l s  a r e  due t o  o n l y  u n r e a c t e d  

monomer AA.

The a b i l i t y  t o  m o n i t o r  t h e  p o l y m e r i z a t i o n  r e a c t ­

i o n  by NMR e n a b l e d  u s  t o  s t u d y  t h e  c o p o l y m e r i z a t i o n  u n d e r  

low  t e m p e r a t u r e  c o n d i t i o n s .  I n  a n o t h e r  e x p e r i m e n t  , 

e q u i m o l a r  a m o u n ts  o f  MeOXO and AA w e r e  m ix e d  u n d e r  l i q u i d  

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

m i x t u r e  r e c o r d e d  a f t e r  s t o r i n g  10 h o u r s  i n  l i q u i d  n i t r o g e n .  

NMR s p e c t r u m  sh o w ed  s i g n a l s  f o r  p r o t o n s  o f  t h e  two monomers  

and no s i g n  o f  any  r e a c t i o n  b e t w e e n  t h e  two monomers  u n d e r  

t h e s e  c o n d i t i o n s . H o w e v e r , when t h e  monomer m i x t u r e  w as  l e f t  

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

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

p o l y m e r i z a t i o n . A ,  s i m i l a r  e x p e r i m e n t  was  done  a t  0°C and no  

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

G e n e t i c  z w i t t e r i o n  f o r m a t i o n  a t  r e a s o n a b l e  r a t e s  a p p e a r s  

-Co o c c u r  o n l y  a t ' a m b i e n t  o r  h i g h  t e m p e r a t u r e s .
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S2

9 . 2  2 - O x a z o l i n e  and A c r y l i c  A c i d

S i m i l a r l y  , t h e  d i r e c t  NMR a n a l y s i s  was  u s e d  t o  

m o n i t o r  t h e  r e a c t i o n  o f  2 - o x a z o l i n e  and a c r y l i c  a c i d  

monomer s y s t e m .  The p o s s i b l e  g e n e t i c  z w i t t e r i o n  i n t e r m e d i a ­

t e  ( XXXIV ) i n  t h i s  c a s e  h a s  a  p r o t o n  a t t a c h e d  t o  t h e  

p o s i t i v e l y  c h a r g e d  c a r b o n  2 o f  t h e  o x a z o l i n i u m  r i n g .  H e n c e ,  

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

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

f r e e  monomer.

F i g u r e  20A s h o w s  t h e  NMR s p e c t r u m  o f  ( 6 . 5 - 8 . 5  PPM r e g i o n )  

an e q u i m o l a r  m i x t u r e  o f  0X0 and AA i n  CD^CN r e c o r d e d  a t  

room t e m p e r a t u r e  two h o u r s  a f t e r  m i x i n g .  The s i g n a l  a t  

7 . 0 4  PPM i s  due t o  t h e  p r o t o n  a t t a c h e d  t o  t h e  c a r b o n  2 

o f  t h e  f r e e  monomer 0X 0 .  The new s i g n a l  a t  8 . 2 0  PPM c a n  be  

a s s i g n e d  t o  t h e  same p r o t o n  o f  t h e  g e n e t i c  z w i t t e r i o n  

i n t e r m e d i a t e .  F i g u r e  20B and 20C show t h e  NMR s p e c t r a  o f  

t h e  r e a c t i o n  m i x t u r e  a f t e r  lYz h o u r s  and 44  h o u r s  r e a c t i o n

CHo=CHC00H

( XXXIV )

- ( C H 2CH2 -N-CH2 CH2C 0 0 ) -

HC=0

( c o p o l y m e r )
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t i m e  a t  60°C , . r e s p e c t i v e l y . As t h e  r e a c t i o n  p r o c e e d s  

t h e  a p p e a r a n c e  o f  new NMR s i g n a l s  a t  8 . 0 7  PPM and 7 . 9 6  

PPM f o r  form am ido  p r o t o n  ( -NHCO, a p p e a r s  a s  two s i g n a l s  

due t o  C-N r e s t r i c t e d  r o t a t i o n  ) o f  c o p o l y m e r  c a n  be  

s e e n . A l s o  o f  s i g n i f i c a n t  irftjptjrtance i s  t h e  f o r m a t i o n  o f  

a  b r o a d  s i g n a l  a t  7 . 1 8  PPM ( s e e  F i g u r e  19C ) s i m i l a r  t o  

t h a t  o b s e r v e d  i n  t h e  c a s e  o f  MeOXO-AA s y s t e m . T h i s  s i g n a l  

can  be  a s s i g n e d  t o  t h e  NH p r o t o n  o f  t h e  p o s s i b l e  form am ido  

end group.-NHCHO. F i g u r e  20D sh o w s  t h e  c o m p l e t e  s p e c t r u m  

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

( 3 d a y s  a t  60°C ) The s p e c t r u m  c l e a r l y  sh o w s  t h e  a b s e n c e  

o f  a n y  u n r e a c t e d  0X0 i n  t h e  r e a c t i o n  m i x t u r e  ( a b s e n c e  o f  

NMR s i g n a l  a t  7 . 0 4  PPM ) ,  and t h e  p r e s e n c e  . o f  o l e f i n i c  

( 6 . 1  PPM ) and c a r b o x y l i c  p r o t o n s  ( 1 0 . 5  PPM ) s i g n a l s .

In  a n o t h e r  e x p e r i m e n t ,  0X0 was u s e d  i n  e x c e s s  ( 0 X 0 :AA 

m o l a r  r a t i o  , 3 : 2  ) and t h e  NMR s p e c t r u m  o f  t h i s  r e a c t i o n  

m i x t u r e  a f t e r  90  h o u r s  o f  r e a c t i o n  t i m e  i s  shown i n  F i g u r e  

20E. The p r e s e n c e  o f  u n r e a c t e d  0X0 i n  t h e  r e a c t i o n  m i x t u r e  

can be  c l e a r l y  s e e n  by t h e  s i g n a l  a t  7 . 0 4  PPM. Even u n d e r  

t h e s e  c o n d i t i o n s ,  NMR s i g n a l s  due t o  b o t h  o l e f i n i c  and  

c a r b o x y l i c  p r o t o n s  c a n  s t i l l  be  s e e n .  U se  o f  e x c e s s  0X0 

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

r e a c t i o n  m i x t u r e . I f  t h e  o b s e r v e d  s i g n a l s  a r e  due t o  

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

o r o t o n  s i g n a l s  s h o u l d  be  3 : 1 .  H o w e v er ,  t h e  o b s e r v e d  v a l u e  

o f  t h i s  r a t i o  i s  1 2 : 1  . T h e r e f o r e  , t h e  o b s e r v e d  s i g n a l s
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FIGURE 2 0 .  1 0 0  MHz p r o t o n  NMR s p e c t r u m  o f  e q u i m o l a r  m i x t u r e  

o f  AA an d  0X0 i n  CD^CN . A :  2 h o u r s  a f t e r  m i x i n g  

B: 1 . 5  h o u r s  a t  6 0 ° C .  C: 4 4  h o u r s  a t  6 0 ° C .  D: 
C o m p l e t e  s p e c t r u m  a f t e r  3 d a y s  a t  6 0 ° C .  E: M i x t u r e  

o f  OXO-AA ( m o l a r  r a t i o  3 : 2 )  a f t e r  90 h o u r s  a t  6 0 ° c .
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f o r  o l e f i n i c  and c a r b o x y l i c  p r o t o n s  may come from  p a r t  

o f  t h e  p o l y m e r  c h a i n  ( m o s t  p r o b a b l y  from  o l e f i n i c  and c a r ­

b o x y l i c  end  g r o u p s  ) o r  from  some o t h e r  p r o d u c t  form ed  

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

From t h e  r e s u l t s  o f  t h e  d i r e c t  NMR a n a l y s i s  

e x p e r i m e n t s  , i t  a p p e a r s  t h a t  b o t h  OXO-AA and MeOXO-AA 

monomer s y s t e m s  b e h a v e  i n  a  s i m i l a r  m a n n er .  R e a c t i o n s  

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

t h e  p o l y m e r i z a t i o n  o f  OXO-AA s y s t e m  c a n  be  c o n s i d e r e d  t o  

i n v o l v e  t h e  r e a c t i o n  o f  a  g r o w i n g  m a c r o z w i t t e r i o n  v / i t h  

q u a t e m i z e d  a c r y l a t e  s a l t  o f  0X0 o r  monomer a c r y l i c  a c i d  

y i e l d i n g  p o l y m e r  c h a i n s  v / i t h  o l e f i n i c  and form am ido  , and  

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

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

- e n e t i c  z w i t t e r i o n s  , t h e s e  e x p e r i m e n t s  h a v e  p r o v i d e d  

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

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

The c o p o l y m e r  c o m p o s i t i o n  h a s  b e e n  e s t a b i l i s h e d  a s  1 :1

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

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

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

ty  o f  end g r o u p s .  D i r e c t  p r o t o n  NMR a n a l y s i s  o f  t h e  r e a c t i o n  

m i x t u r e  g a v e  e v i d e n c e  f o r  t h e  g e n e t i c  z v / i t t e r i o n .  HFLC 

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

s i z e d  m o l e c u l e s  an d  n o t  a l l  m o l e c u l e s  h a v e  t h e  same two 

end group s . T h e  f o l l o w i n g  r e a c t i o n  m ech a n ism  i s  p r o p o s e d  to  

d e s c r i b e  t h e  MeOXO-AA p o l y m e r i z a t i o n .

I n i  t i a t i o n

by p r o t o n  NMR. P r o t o n  and °C NMR h a v e  i d e n t i f i e d  t h e  end

CH_=CHCOOH

0 H

CH2 =CHCOO

( XXXIII )

■NCH„-CHCOOH

( XXXV )

p r o t o n  t r a n s f e r
v

( XXXI )■ g e n e t i c  z v / i t t e r i o n
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The i n i t i a t i o n  i n v o l v e s  t h e  r e a c t i o n  o f  MeOXO v / i t h  AA t o  

form t h e  a d d u c t  XXXV w h i c h  by a  p r o t o n  t r a n s f e r  r e a c t i o n  

f o r m s  t h e  g e n e t i c  z w i t t e r i o n  i n t e r m e d i a t e  XXXI. The e v i d e n c e  

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

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

f o r m a t i o n  o f  q u a t e r n i z e d  o x a z o l i n i u m  a c r y l a t e  s a l t  XXXIII  

can  be c o n s i d e r e d  a s  a  c o m p e t i n g  r e a c t i o n  w i t h  t h e  r e a c t i o n  

f o r m i n g  g e n e t i c  z w i t t e r i o n s . T h e re  a r e  no e x p e r i m e n t a l  

e v i d e n c e  t o  c o n s i d e r  t h e  f o r m a t i o n  o f  s a l t  XXXIII s o o n  

a f t e r  t h e  monomers a r e  m ix e d  a t  room t e m p e r a t u r e  .

H ow ever ,  a s  t h e  r e a c t i o n  m i x t u r e  i s  h e a t e d  a t  60°C , t h e  

o b s e r v e d  NMR s i g n a l s  f o r  a c e t a m i d o  t y p e  e n d  group  i n d i c a t e s  

t h e  r e a c t i o n  o f  z w i t t e r i o n s  v / i t h  t h e  q u a t e r n i z e d  s a l t  

XXXIII t o  u n d e r g o  t e r m i n a t i o n .

P r o p a g a t i o n

The p r o p a g a t i o n  c a n  be c o n s i d e r e d  t o  i n v o l v e  

t h e  r e a c t i o n  o f  g e n e t i c  z w i t t e r i o n  XXXI w i t h  i t s e l f

'ICH2CH2COOCH2CH2-iy-CH2CK2COO 

\  CH_C=0

and t h e  r e s u l t i n g  l a r g e r  s i z e d  z w i t t e r i o n s  XXXVI
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•KV ( CH2 CH2 C00CH2 CH2-N^CH2 CH2 C00 
+ XXXI >CH3 C=0

( XXXVI )

r -i\T-(CH2 CIl2COOCH2CH2 - y - ) n + p-l2 CH2COO 
CH3C=0

'0 ch3

The p r o p a g a t i o n  by t h e  r e a c t i o n  b e t w e e n  two m a c r o z w i t t e r i o n s  

i s  a l s o  p o s s i b l e .

T e r m i n a t i o n

Two r e a c t i o n s  c a n  be c o n s i d e r e d  r e s p o n s i b l e  

f o r  t h e  t e r m i n a t i o n  o f  g r o w i n g  - p o ly m e r  c h a i n s .

i ) .  T e r m i n a t i o n  i n v o l v i n g  t h e  r e a c t i o n  o f  a  g r o w ­

i n g  m a c r o z w i t t e r i o n  w i t h  monomer a c r y l i c  a c i d  t o  g i v e  o l e f ­

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

XXXVI + CHgCHCOOH --------->

-r o w in ' -  m a c r o z w i t t e r i o n  v / i t h  t h e  q u a t e r n i z e d  o x a z o l i n i u m  

a c r y l a t e  s a l t  XXXIII t o  g i v e  o l e f i n i c  and a c e t a m i d o  end

■roups

CHo =ChC00CHoCHo- i l -  ( CHoCHo C00CHoCH5- H - ) CHoCH„C00H

i i ) .  T e r m i n a t i o n  i n v o l v i n g  t h e  r e a c t i o n  o f  a
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XXXVI + X X X I I I

C H g s C H C O O C H p C H  - m -  (  C H g C H g C O O C I l g C HH2 -JjI^CH2 CH2 C °OCH2 CH2 MHCOCH3

c h 3 c = o

The p r o p o s e d  p o l y m e r i z a t i o n  m ech an ism  i s

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

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

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

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

monomer a c r y l i c  a c i d  and w i t h  q u a t e r n i z e d  o x a z o l i n i u m  

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

iieOXO-AA monomer s y s t e m .
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1 1 . 0  C O N C L U SIO N S

2 - I i e t h y l - 2 - o x a z o l i n e  and a c r y l i c  a c i d  u n d e r g o  

p o l y m e r i z a t i o n  w i t h o u t  any ad d ed  i n i t i a t o r  o r  c a t a l y s t  

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

c o p o l y m e r s . V a p o r  p r e s s u r e  o sm o m e tr y  showed t h e  number  

a v e r a g e  m o l e c u l a r  w e i g h t  t o  be  i n  t h e  r a n g e  5 9 0 - 2 7 6 0  

d e p e n d i n g  on r e a c t i o n  c o n d i t i o n s .  Even when t h e  r e a c t i o n  

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

a g e n t s  from  a t m o s p h e r e  a s  w e l l  t h o s e  p r e s e n t ;  

a s  i m p u r i t i e s  i n  m on om ers ,  t h e r e  w as  no s i g n i f i c a n t  

im p r o v e m e n t  i n  t h e  c o p o l y m e r  m o l e c u l a r  w e i g h t .  R e a c t i o n  

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

a d d i t i o n  o f  m o n o m ers ,  a d d i t i o n  o f  a  n u c l e o p h i l e  t o  t h e  

r e a c t i o n  m i x t u r e  d i d  n o t  im p ro v e  t h e  c o p o l y m e r  m o l e c u l a r  

w e i g h t . T h e  MeoXO-AA monomer s y s t e m  d i d  n o t  b e h a v e  a s  one  

w i t h  l i v i n g  c h a r a c t e r i s t i c s .

OXO-BPL s y s t e m  a l s o  p o l y m e r i z e d  t o  g i v e  o n l y  

low m o l e c u l a r  w e i g h t  c o p o l y m e r s .  S i m i l a r l y ,  OXO-AA 

s y s t e m  p o l y m e r i z e d  t o  g i v e  gummy m a t e r i a l s  , b u t  t h e

o r o d u c t  became i n s o l u b l e  a f t e r  p u r i f i c a t i o n  and d r y i n g .
13P r o t o n  NMR , IR and C NMR p r o v i d e d  s t r o n g  

e v i d e n c e  f o r  t h e  MeOXO-AA c o p o l y m e r  t o  h a v e  t h e  r e p e a t  

uni t  s t r u c t u r e  , - (C IIpCH?-^ -C H ?CH?C 0 0 ) -  v / i t h  c a r b o x y l i c
cn3c=o * -

( GOGH ) , a c e t a m i d o  ( -NI-IC0CHo ) and o l e f i n i c  ( CHo=CHC00
O C.

end - r o u p s .  P r o t o n  NMR a l s o  i n d i c a t e d  , t h e  c o p o l y m e r  to  

h a v e  a  1 : 1  a l t e r n a t i n g  s t r u c t u r e .
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A n a l y t i c a l  HPLC o f  t h e  p u r i f i e d  c o p o l y m e r  

show ed  t h e  p r e s e n c e  o f  a b o u t  13  d i f f e r e n t  f r a c t i o n s  o f  

w h ic h  10  w ere  i s o l a t e d  by p r e p a r a t i v e  HPLC. 30,0 MI-Iz 

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

HPLC s e p a r a t i o n  i s  b a s e d  on a  c o m b i n a t i o n  o f  f a c t o r s  

i n c l u d i n g  m o l e c u l a r  w e i g h t  and en d  g r o u p s .  F r a c t i o n s  

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

i n c r e a s i n g  o r d e r  o f  m o l e c u l a r  w e i g h t .  F o r  l o w e r  DP f r a c t i o ­

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

b o x y l  end  g r o u p s ,  when t h e  DP i s  t h e  same f o r  t h e  two t y p e s

o f  f r a c t i o n s .  H o w e v e r ,  t h e  r e v e r s e  i s  t r u e  f o r  h i g h e r  DP
*

f r a c t i o n s .  B a s e d  on t h e  c h a r a c t e r i z a t i o n  and HPLC r e s u l t s ,  

t h e  f o l l o w i n g  s t r u c t u r e s  a r e  p r o p o s e d  f o r  t h e  MeOXO-AA 

c o p o l y m e r .

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

H - ( 2 - h y d r o x y e t h y l ) - ^ - a l a n i n e  a s  t h e  m ain  h y d r o l y s i s  

p r o d u c t  e x p e c t e d  from  t h e  r e p e a t i n g  u n i t  s t r u c t u r e .

P r e s e n c e  o f  a c r y l i c  a c i d  and a c e t i c  a c i d  among h y d r o l y s i s  

p r o d u c t s  was  p r o v e n  by a n a l y t i c a l  HPLC and g a s  c h r o m a t o g r a -  

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

CH2 =CHCOO-(CH2CH2-JjJ-CH2 CH2COO-)n CH2 CH2NHCOCH
CH_C=0

( X X I I I a )

CHo =CHC00-( CH_CHo-H-CHoCHoC 0 0 - ) CH0CH ■CH„CH„C00H

( X X I I I b )
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was c o n f i r m e d  by i s o l a t i n g  i t  a s  t h e  d i b e n z o y l  d e r i v a t i v e .  

B a se d  on  t h e s e  r e s u l t s  i t  c a n  be  c o n c l u d e d  t h a t  t h e  

;ieOXO-AA c o p o l y m e r  c o n s i s t s  o f  v a r y i n g  s i z e s  o f  c o p o l y m e r  

c h a i n s  X X I I l a  and X X I l i b .

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

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

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

i n i t i a t i o n  and p r o p a g a t i o n .  The o b s e r v a t i o n  o f  a c e t a m i d o  

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

two h o u r s  a t  60°C c o n f i r m s  t h e  e a r l y  t e r m i n a t i o n  r e a c t i o n  

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

o l e f i n i c  and a c e t a m i d o  end  g r o u p s . R e a c t i o n  o f  a  g r o w in g  

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

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

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

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

z w i t t e r i o n  p o l y m e r i z a t i o n  o f  MeOXo-AA monomer s y s t e m .

The p r o p o s e d  p o l y m e r i z a t i o n  m ech an ism  i s  c o n s i s t e n t  w i t h  

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