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Summary 

N o v e l  b l o c k  c o p o l y m e r s  h a v i n g  p o l y { N - p h e n y l m a l e i m i d e )  
s e g m e n t s  o n t o  p o l y { o x y e t h y l e n e }  o r  p o l y ( b u t a d i e n e )  w e r e  s y n -  
t h e s i z e d .  T h e  b l o c k  c o p o l y m e r i z a t i o n  o f  N - p h e n y l m a l e i m i d e  w a s  
c a r r i e d  o u t  a n i o n i c a l l y  w i t h  l i t h i u m  a l k o x i d e s  o f  p o l y ( e t h y l -  
e n e  g l y c o l )  o r  ( ~ , ~ o - d i h y d r o x y p o l y ( b u t a d i e n e ) .  T h e  b l o c k  c o p o -  
lymers obtained were cha rac t e r i zed  by 1H NMR, GPC and TLC. 

Introduction 

N - P h e n y l m a l e i m i d e  ( N - P M I )  i s  e a s i l y  p o l y m e r i z e d  w i t h  
a l k a l i  m e t a l  a l k o x i d e s  s u c h  as  l i t h i u m  t e r t - b u t o x i d e  a n d  p o -  

t a s s i u m  t e r t - b u t o x i d e  t o  y i e l d  p o l y ( N - P M I ) l - 3 )  T h i s  a n i o n i c  
p o l y m e r i z a t i o n  p r o c e e d s  w i t h  l i v i n g  c h a r a c t e r  so  t h a t  t h e  
c h a i n  l e n g t h  o f  t h e  p o l y m e r  o b t a i n e d  c a n  b e  p r e d i c t a b l e  f r o m  
t h e  c o n v e r s i o n  o f  N - P M I 2 ) .  U t i l i z i n g  t h e s e  c h a r a c t e r i s t i c s ,  
v a r i o u s  k i n d s  o f  b l o c k  c o p o l y m e r s  c a n  be  p r o d u c e d  w i t h  m a c r o m -  
o l e c u l e s  p o s s e s s i n g  h y d r o x y l  g r o u p s  as  t e r m i n a l  g r o u p s  s i n c e  
t h e  a l k a l i  m e t a l  a l k o x i d e s  o f  t h e s e  p o l y m e r s  c a n  b e  p r e p a r e d  
w i t h  f a c i l i t y  b y  t h e  r e a c t i o n  b e t w e e n  h y d r o x y l  g r o u p s  a n d  
a l k a l i  m e t a l  o r  o r g a n o m e t a l l i c  c o m p o u n d s .  T h e  m a c r o m o l e c u l a r  
c o m p o u n d s  w i t h  h y d r o x y l  g r o u p s  a t  o n e  or  b o t h  e n d s  a r e  a b l e  to  
b e  c o n v e n t i o n a l l y  s y n t h e s i z e d  f r o m  s e v e r a l  m e t h o d s  s u c h  a s  
a n i o n i c  p o l y m e r i z a t i o n  f o l l o w e d  by  t h e  t r e a t m e n t  o f  e t h y l e n e  
oxide and hydrolysis4). 

In  t h i s  p a p e r ,  t h e  p r e p a r a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  
n o v e l  b l o c k  c o p o l y m e r s  b y  t h e  a n i o n i c  b l o c k  c o p o l y m e r i z a t i o n  
o f  N - P M I  o n t o  p o l y ( o x y e t h y l e n e )  P O E )  a n d  p o l y ( b u t a d i e n e }  
(PBD) are  described.  
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Experimental 

A l l  e x p e r i m e n t s  r e l a t e d  t o  p o l y m e r i z a t i o n  w e r e  c a r r i e d  
o u t  u n d e r  p u r i f i e d  n i t r o g e n  a t m o s p h e r e  in  o r d e r  t o  e x c l u d e  
oxygen and moisture. 

Reagents 

N - P M I ,  t o l u e n e  a n d  T H F  w e r e  p u r i f i e d  in t h e  s a m e  w a y  as  
d e s c r i b e d  in a p r e v i o u s  p a p e r  2).  B e n z e n e  a n d  h e x a n e  w e r e  p u r i -  
f i e d  a n d  d r i e d  by t h e  s a m e  w a y  as t h a t  o f  t o l u e n e .  P o l y ( e t h y l -  
e n e  g l y c o l )  ( P E G :  f r o m  W a k o  P u r e  C h e m i c a l  I n d u s t r i e s ,  L T D . ;  
a v e r a g e  t o o l .  w t . =  1000  ( P E G 1 0 0 0 )  o r  1540  ( P E G 1 5 4 0 ) )  , a , w - d i -  
h y d r o x y p o l y ( b u t a d i e n e )  ( H P B :  f r o m  J a p a n  S y n t h e t i c  R u b b e r  C o . ,  
L T D . ;  a v e r a g e  m o l .  w t . = 3 1 0 0 )  w e r e  d r i e d  as  f o l l o w s :  c a .  I g  o f  
P E G  or  H P B  w e r e  d i s s o l v e d  i n t o  c a .  100 ml  o f  b e n z e n e .  M o s t  o f  
b e n z e n e  w a s  d i s t i l l e d  o f f  in o r d e r  t o  r e m o v e  a t r a c e  a m o u n t  o f  
w a t e r  as  b e n z e n e  a z e o t r o p e .  F i n a l l y  a t r a c e  a m o u n t  o f  b e n z e n e  
r e m a i n e d  w a s  r e m o v e d  u n d e r  v a c u u m .  B u t y l l i t h i u m  ( h e x a n e  s o l u -  
tion) was used af te r  de t e rmina t ion  of the concentrat ion.  

Block Copolym erization 

Preparat ion of Macromolecular  Alkoxide Initiators: 
To  t h e  b e n z e n e  s o l u t i o n  o f  p r e p o l y m e r ( P E G  or  H P B ) ,  an 

e x c e s s  a m o u n t  ( 1 . 5  t i m e s  e q u i v a l e n t  o f  h y d r o x y l  g r o u p  in p r e -  
p o l y m e r )  o f  b u t y l l i t h i u m  ( h e x a n e  s o l u t i o n )  w a s  a d d e d  a n d  s t i r -  
r e d  f o r  6 h a t  4 0 ~  A f t e r  b e n z e n e  w a s  r e m o v e d  by f r e e z e  d r y -  
i n g  t h e  r e s i d u e  w a s  w a s h e d  m o r e  t h a n  f o u r  t i m e s  w i t h  h e x a n e .  
T h e  T H F  or  t o l u e n e  s o l u t i o n  o f  l i t h i u m  a l k o x i d e  o f  t h e  p r e p o l -  
y m e r  w a s  u s e d  f o r  b l o c k  c o p o l y m e r i z a t i o n  a f t e r  d e t e r m i n a t i o n  
of the concentra t ion of alkoxy groups by means of t i t rat ion.  

Block Copolymerizat ion of N-PMI onto Prepolymer: 
To  t h e  s o l u t i o n  o f  a l k o x i d e  o f  t h e  p r e p o l y m e r ,  t h e  s o l u -  

t i o n  o f  N - P M I  w a s  a d d e d  w i t h  s t i r r i n g  u n d e r  n i t r o g e n  a t m o s -  
p h e r e ,  T h e  c o l o r  o f  t h e  r e a c t i o n  m i x t u r e  t u r n e d  r e d  a n d  p e r -  
s i s t e d  u n t i l  t h e  r e a c t i o n  w a s  s t o p p e d  w i t h  a d d i t i o n  o f  m e t h a -  
n o l ] h y d r o c h l o r i c  a c i d  m i x t u r e  a f t e r  t h e  d e f i n i t e  r e a c t i o n  
time. 

Isolation of Block Copolymers 

POE/Poly(N-PMI) Block Copolymer: 
T h e  r e a c t i o n  m i x t u r e  w a s  p o u r e d  i n t o  a l a r g e  a m o u n t  o f  

m e t h a n o l .  P r e c i p i t a t e  w a s  c o l l e c t e d  by  f i l t r a t i o n ,  w a s h e d  
s e v e r a l  t i m e s  w i t h  m e t h a n o l  a n d  d r i e d .  T h e  p r e c i p i t a t e  w a s  
d i s s o l v e d  i n t o  T H F  a n d  p o u r e d  i n t o  b e n z e n e .  T h e  p r e c i p i t a t e ,  
i f  f o r m e d ,  w a s  f i l t e r e d  o f f  a n d  t h e  f i l t r a t e  c o n t a i n i n g  b l o c k  
c o p o l y m e r  w a s  s u b j e c t e d  t o  e v a p o r a t i o n .  A f t e r  a l m o s t  w h o l e  
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a m o u n t  o f  t h e  s o l v e n t  w a s  r e m o v e d  t h e  r e s i d u e  w a s  d i s s o l v e d  
a g a i n  i n t o  a s m a l l  a m o u n t  o f  b e n z e n e .  T h e  b l o c k  c o p o l y m e r  w a s  
then isolated by f reeze  drying. 

PBD/Poly(N-PMI) Block Copolymer: 
B l o c k  c o p o l y m e r  w a s  i s o l a t e d  by t h e  s a m e  w a y  as t h a t  f o r  

P O E / p o l y ( N - P M I )  c o p o l y m e r  e x c e p t  u s i n g  h e x a n e  i n s t e a d  o f  m e t h -  
anol as the first  precipitant .  

Measure ment 

1 H - N M R  s p e c t r a  w e r e  r e c o r d e d  on a H I T A C H  R - 6 0 0  F T - N M R  
s p e c t r o m e t e r  u s i n g  d e u t e r a t e d  c h l o r o f o r m  as s o l v e n t  a t  3 5 o c .  
G P C  w a s  m e a s u r e d  w i t h  c o l u m n  s e r i e s  o f  T S K  g e l  G 4 0 0 0 H X L -  
G 3 0 0 0 H X L - G 2 0 0 0 H X L  (TOSOH C o . ,  Tokyo}  u s i n g  T H F  as e l u e n t .  T h e  
e x c l u s i o n  l i m i t s  o f  m o l e c u l a r  w e i g h t :  4 x l 0  5 f o r  G 4 0 0 0 H X L ,  
6 x l 0 4  fo r  G 3 0 0 0 H X L  l x l 0 4  f o r  G 2 0 0 0 H X L .  T L C  was  p e r f o r m e d  on a 
Merck silica 60 silica gel plate. 

Results  and discussion 

Synthesis of block copolymer 

T h e  s c h e m e  of  t h e  b l o c k  c o p o l y m e r i z a t i o n  a s s u m e d  h e r e  is as 
follows: 

H O ~ O H  n-BuLi LiO~OLi 
or ' ' > or 

-,v,,,A,~"-O H " ' ' " ~ - 0  L i 

N-PMI 
> 

Poly(N-PMI )-0~0- Poly(N-PMI ) 
or 

~O-Poly(N-PMI ) 

T h e  r e s u l t s  o f  b l o c k  c o p o l y m e r i z a t i o n  a r e  s u m m a r i z e d  in 
T a b .  1. R e g a r d l e s s  o f  c h e m i c a l  s t r u c t u r e s  a n d  m o l e c u l a r  
w e i g h t s  o f  t h e  p r e p o l y m e r s ,  b l o c k  c o p o l y m e r i z a t i o n  o f  N - P M I  
t a k e s  p l a c e  on t h e  p r e p o l y m e r s  a n d  l e s s  t h a n  10% o f  p r e p o l -  
y m e r s  a r e  r e m a i n e d  u n c h a n g e d .  E s p e c i a l l y ,  in t h e  c a s e  o f  H P B  
as a p r e p o l y m e r  t h e  a m o u n t  o f  t h e  n o n - b l o c k e d  p r e p o l y m e r  is  
n e g l i g i b l y  s m a l l .  P r e s e n c e  o f  n o n - b l o c k e d  p r e p o l y m e r s  is p r e -  
s u m a b l y  a t t r i b u t e d  t o  i n c o m p l e t e  c o n v e r s i o n  o f  h y d r o x y l  g r o u p s  
i n t o  l i t h i u m  a l k o x i d e s  in t h e  p r e p o l y m e r s  o r  d e a c t i v a t i o n  o f  
the alkoxide groups such as hydrolysis. 
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Tab. I Block Copolymerization of N-PMI onto POE and PBD a) 

Run Prepolymer -OH group in N-PMI Non-blocked N-PMI 
prepolymer prepolymer block copolymd, b) 

(mmol) (mmol) (%) (%) 

c) 0.12 12 7 55 I PEG1540 

c) 0.29 12 8 76 2 PEG1540 

d) 0.10 10 4 68 3 PEGI000 

d) 0.10 1.0 6 89 4 PEGI000 

5 HPB e) 0.77 4.0 0 73 

a) Polymerization condition: temp. OoC; time, 24h; in THF. b)Determined by IH NMR. 
c)Poly(ethylene glycol) :  Mn=1540. d) Poly(ethylene glycol) :  Mn=lO00. e) Poly(butadiene) 
with hydroxyl groups at both ends: Mn=3100. 

Characterization of Block  Copolym ers 

A s  s h o w n  in t h e  G P C  e l u o g r a m s  ( F i g .  I ) ,  b o t h  b l o c k  c o p o l -  
y m e r s  e l u t e  a t  t h e  r a n g e  o f  h i g h e r  m o l e c u l a r  w e i g h t  ( s o l i d  
l i n e )  c o m p a r e d  w i t h  t h o s e  o f  t h e  p r e p o l y m e r s  ( d o t t e d  l i n e ) .  
T h e  u n i m o d a l  m o l e c u l a r  w e i g h t  d i s t r i b u t i o n s  o f  t h e  p r e p o l y m e r s  
a r e  m a i n t a i n e d  fo r  t h e  b l o c k  c o p o l y m e r s .  TLC m e a s u r e m e n t s  f o r  
b l o c k  c o p o l y m e r s  s h o w e d  t h a t  e a c h  b l o c k  c o p o l y m e r  d e v e l o p e d  in 
t h e  d i f f e r e n t  p o s i t i o n  f r o m  t h e  c o r r e s p o n d i n g  p r e p o l y m e r  a n d  
f r o m  h o m o p o l y m e r  o f  p o l y ( N - P M I ) .  I t  w~as, t h e r e f o r e ,  e v i d e n c e d  
t h a t  t h e  b l o c k  c o p o l y m e r  o b t a i n e d  h e r e  w a s  n o t  t h e  m i x t u r e  o f  
t h e  p r e p o l y m e r  a n d  p o l y ( N - P M I ) .  T h e  r e s u l t s  o f  T L C  m e a s u r e -  
ments  support the conclusion derived from the GPC eluograms.  

F i g .  2 s h o w s  1 H - N M R  s p e c t r a  o f  t h e  b l o c k  c o p o l y m e r s  f r o m  
P E G  ( A )  a n d  H P B  (B)  a s  p r e p o l y m e r s .  In  e a c h  s p e c t r u m  t h e  
s i g n a l s  w h i c h  a r e  a s s i g n a b l e  t o  t h e  s e g m e n t s  o f  t h e  p r e p o l y -  
m e r s  (3 .6  p p m ,  CH 2 f o r  POE;  1.8 p p m ,  CH 2 and  5.4  ppm CH= f o r  
P B D ) ,  a n d  t o  t h e  b l o c k e d  p o l y ( N - P M I )  ( 3 - 4 . 5  p p m ,  C H  a n d  6 . 5 -  
7.5 ppm p h e n y l )  a r e  c l e a r l y  o b s e r v e d .  T h e  p e r c e n t a g e s  o f  N - P M I  
b l o c k  c o p o l y m e r i z e d  ( T a b .  1) w e r e  c a l c u l a t e d  f r o m  t h e  a r e a  
r a t i o s  of  p h e n y l  p r o t o n s  of  N - P M I  to  m e t h y l e n e  p r o t o n s  o f  e a c h  
prepolymer.  

T h e  r e s u l t s  m e n t i o n e d  a b o v e  i n d i c a t e  t h a t  t h e  n o v e l  b l o c k  
c o p o l y m e r  o f  P O E / p o l y ( N - P M I )  and  P B D / p o l y ( N - P M I )  a r e  s y n t h e -  
s i z e d  f r o m  a n i o n i c  p o l y m e r i z a t i o n  o f  N - P M I  b y  i n i t i a t i o n  o f  
t h e  m a c r o m o l e c u l a r  a l k o x i d e s  w h i c h  i s  p r e p a r e d  b y  t h e  m o d i f i -  
cat ion of prepolymers  possessing hydroxyl groups. 
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Fig. l GPC eluograms of block copoly- 
mers (sol id  l ine)  and prepolymers 
(dotted l ine) :  POE/poly(N-PMI) (top; 
Run 2 in Tab, l )  and PBD/poly(N-PMI) 
(bottom; Run 5 in Tab, I ) .  

B 

in ppm 

Fig. 2 IH NMR spectra of block copol- 
ymers: POE/poly(N-PMI) (A, Run 1 in 
Tab, I )  and PBD/poly(N-PMI) (B, Run 5 
in Tab, l ) ,  
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