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SUMMARY 

The possibi l i ty of group t ransfer  polymer iza t ion  of methyl  me thac ry l a t e -  
t e rmina ted  polys tyrene macromer  (MA-PSt) was explored by using 1-methoxy- 
l - ( t r ime thy l s i loxy) -2 -methy l - l -p ropene  and tr is(dimethylamino)sulfonium diflu- 
o ro t r ime thy l s i l i ca te  as in i t ia tor  and ca ta lys t ,  respect ively .  The resul ts  obtain-  
ed at  the  polymeriza t ion  t empera tu re  of 0~ were undesirable.  However,  
the o l igomerizat ion at  -78~ gave almost  quant i ta t ive ly  oligo(MA-PSt) of 
which the degree  of polymer iza t ion  was in good agreement  with the  mole 
ra t io  of macromer  to in i t ia tor .  The GPC curve of oligo(MA-PSt) was sharp 
and symmet r i ca l .  In addition, it  was shown by the copolymer iza t ion  with 
methyl  me thac ry l a t e  that  the polymer izabi l i ty  of the macromer  was markedly 
enhanced in the presence of methyl  me th a c ry l a t e  comonomer.  

INTRODUCTION 

Many polymer chemis ts  who concern themselves  with synthe t ic  method 
for control  of polymer a rch i t ec tu re  have deeply been in te res ted  in living 
polymeriza t ion .  Recent ly ,  a new type of living polymerizat ion,  t e rmed  group 
t ransfer  polymerizat ion,  was developed (1-3) by du PonUs group (1,2). This 
new addit ion p o l y m e r i z a t i o n  of acryl ic  monomers by special  in i t ia tor  and 
ca t a ly s t  has extens ive ly  u t i l ized for preparing various types of wel l -contro l led  
polymers  such as functional  polymers  (4-7), block polymers  (5,6) as well 
as usual polymers  with narrow molecular  weight distr ibution.  More recent ly ,  
Pugh and Percec  (8) synthesized reac t ive  po lymethacry la tes  containing pendant  
s tyrene  groups by group t ransfer  homo- and copolymer iza t ion  of p-vinylbenzyl 
me thac ry la t e ,  making use of fea tures  of the unique polymer iza t ion  process.  
Moreover,  many repor ts  (9) on this po lymer iza t ion  process  have been presented  
at  the New York ACS Meeting (April 1986). Also, we (10) have been able 
to prepare  s ty rene - t e rmina ted  poly(methyl  methacry la te )  macromer  with 
high funct ional i ty  and narrow molecular  weight distr ibution,  employ ing  the  
new method. 

In the course of conducting study on wel l -contro l led  polymer synthesis,  
the  authors  have been much in te res ted  in the group t ransfe r  po lymer iza t ion  
as methodology to po lymer ize  macromers  bearing acry l ic  end-group(s). F i rs t  
of  all,  the  group t ransfer  polymer iza t ion  of methyl  m e t h a c r y l a t e - t e r m i n a t e d  
polys tyrene maeromer  was studied. The present  paper  repor ts  on some first  
resul ts  on the polymer iza t ion  of the macromer  in te t rahydrofuran  using alkyl 
silyl ke tene  ace ta l  as ini t ia tor ,  and the de ta i led  discussion on the resul ts  
will be descr ibed in a for thcoming paper.  
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EXPERIMENTAL 

Materials 
An alkyl silyl ketene aceta l  (SKA) used as an ini t iator  was l - m e t h o x y - l -  

( t r imethyls i loxy)-2-methyl- l -propene which was prepared according to a l i tera-  
ture procedure (11). Catalyst ,  tris(dimethylamino)sulfonium dif luorotr imethyl-  
s i l icate (TASF2SiMe3, from Aldrich Chemical  Co., Inc.) was used as received.  
Methyl methacry la te  (MMA, from Nakarai Chemicals,  LTD, JAPAN) was 
purified first  by the usual method and finally according to the method of 
MacGrath e t  a l .  (12) in which tr iethylalminum was used. Tetrahydrofuran 
(THF) as polymerizat ion solvent was purified by distil lation in  vacuo  in the 
presence of sodium salts of the benzophenone dianion. 

Synthesis and Characterization of Macromer 
Methacry la te - te rmina ted  polystyrene macromer  (MA-PSt) was prepared 

by a method similar to that described by Schulz and Milkovich (13), i . e . ,  

s-BuLi St . , ,  PSt eLi e) k %-OZ :- PSt CH2_CI..12_OeLIe 

) PSt C H2.CH2_o_O_CH~ H 2 

MA-PSt 

The macromer  obtained was purified by several  reprecipi ta t ions  from a ben- 
zene-methanol  and charac te r ized  by a method described elsewhere (14). 
The charac ter iza t ion  results are summerized below: 

Molecular weight (Mn) -- 3.8 x 10 a 
Molecular weight dispersity (Mw/Mn) = 1.0 
Functionali ty (C=C/molecule) = 96 % 

Polymerization Procedure 
The init iator and catalyst  were degassed in ampules with break-seals 

on a high vacuum line (10 - s  torr) for 24 h, dissolved in THF i n  s i t u ,  and 
stocked as 0.1-4 mmol/L solutions. 

An example for preparation of a solution of MA-PSt in THF is as fol- 
lows. MA-PSt (4 g), freshly ground Call2 ( c a .  1 g) and a magnet ic  stirring 
bar were placed in a 100 mL round bot tomed flask equipped with a break-seal 
and a joint for a t tachment  to the vacuum manifold. The flask was a t tached 
on the high vacuum line, degassed for several hours, and the macromer  was 
dissolved in benzene ( ca .  20 mL) which was distilled just before use in the 
presence of sodium-benzophenone complex. The solution was stirred at ambi- 
ent tempera ture  for a few days* while shielding from light, f reeze-dr ied  
for 24 h, and THF (60 mL) was distilled into the flask, and then the flask 
was sealed off  from the vacuum line. The THF solution of MA-PSt containing 
Call2 powder was careful ly** f i l tered with a fine sintered-glass f i l ter  by 
break-seal techniques. The clear  solution was divided into small ampules 
(with break-seals) for the group transfer  polymerization.  

The group t ransfer  polymerizat ion of MA-PSt was carr ied out at 0~ 
or -78~ by using the same apparatus as described previously (15). 
(* It was confirmed that the functionali ty of MA-PSt did not decrease for 
the period of a few days; ** It was found that the group t ransfer  polymeriza-  
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t ion  did no t  o c c u r  if  t h e  so lu t ion  c o n t a i n e d  a m i n u t e  a m o u n t  of  Ca l l2  a f t e r  
t he  f i l t r a t i o n . )  

Measurements 
Gel permeation chromatography (GPC) was performed at a column 

oven temperature of 38~ on a Toyo Soda HLC-802A equipped with three 
types of detectors, i.e., UV (UV-8 model ll), RI (RI-6), and LALLS (LS-8) 
detectors. Columns used were TSKgeI-GMHs or -G2000Hs and -G3000H s 
which were calibrated with polystyene standards***. THF was used as the 
eluent and the flow rate was I mL/min. 
(***The polystyrene standards are not ideal ones for poly(MA-PSt); therefore, 
the molecular weights in Tables I and 2 are apparent values.) 

RESULTS A N D  DISCUSSION 

Group  t r a n s f e r  p o l y m e r i z a t i o n  of  M A - P S t  m a c r o m e r  was  c a r r i e d  ou t  in 
THF  us ing  SKA and TASF SiMe as i n i t i a t o r  and c a t a l y s t ,  r e s p e c t i v e l y .  The  
r e s u l t s  a re  s u m m e r i z e d  in T a b l e  1. In gene ra l ,  t h e  e x t e n t  of  c o n v e r s i o n  of  
M A - P S t  to  po ly(MA-PSt )  i n c r e a s e s  as t h e  mole  r a t i o  of  [MA-PSt] / [ I ]  is de -  
c r e a s e d  and  as t he  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  is lowered .  

Table 1 

Group Transfer Polymerization of MA-PSt a) 

Expt MA-PSt SKA b) [MI] / Temp Time Conv. c) 

[Mll [l b) ] [I b) 

(mmol/L) (mmol/L) (~ (h) (%) 

Poly{MA-PSt) 

10 -4 d) mol. wt. x {DP)G-'pc__ 

calcd GPC 

H- I 8.42 1.68 5.01 0 4 71 
H- 2 8.42 1.68 5.01 0 20 72 
H- 3 8.42 1.68 5.01 0 52 71 
H- 4 9.25 0.894 I0.3 0 24 8 
H- 5 8.30 0.412 20.1 0 24 trace 

H- 6 6.15 1.21 5.08 -78 2 71 
H- 7 6.15 1.21 5.08 -78 24 99 
H- 8 9.06 0.930 9.74 -78 0.5 23 
H- 9 9.06 0.930 9.74 -78 24 67 
H-10 10.5 0.532 19.7 -78 24 trace 

1.3  08, (21, 
1.4 (0.8, 1.91e) (2.1, 5.01e) 
1.3 (0.8, 1.9) (2.1, 5.0) 
- -  2.0 5.3 

1 .3  1 .9  5.0 
1.9 2.0 (2.2) f) 5.3 
0.9 1.6 4.2 
2.5 3.0 7.9 

a) Solvent, THF. 
b) Initiator, 1-methoxy-l-(trimethylsiloxy)-2-methyl-l-propene; catalyst,  TASF2SiMe3; 

[TASF2SiMe3]/[ I ] = 0.2. 
c) Corrected by the purity of MA-PSt. 
d) Degree of polymerization estimated from GPC. 
e) Poly(MA-PSt) has bimodal peaks. 
f) Determined by a LALLS detector.  

In t he  p o l y m e r i z a t i o n  a t  0~ h o w e v e r ,  s a t i s f a c t o r y  r e s u l t s  cou ld  no t  
be  o b t a i n e d  e v e n  a t  a low level  of  t he  r a t i o  of  [MA-PSt] / [ I ]  of  a b o u t  5. T h a t  
is, t h e  c o n v e r s i o n  of  t h e  m a c r o m e r  was  s a t u r a t e d  a t  c a .  71% as shown in 
T a b l e  1 and  t h e  peak  of  po ly(MA-PSt )  in t h e  GPC c u r v e  was  b imoda l  as i l-  
l u s t r a t e d  in F igu re  I. 
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On the other hand, MA-PSt is polymerized quant i ta t ively under the con- 
ditions of Expt H-7 ([MA-PSt]/[I] = 5.08; temperature,  -78~ time, 24 h). 
The GPC curve of oligo(MA-PSt) thus obtained was sharp and symmetrical  
except for the small peak of unpolymerized MA-PSt, as can be seen in Figure 
2. Furthermore,  the molecular weight {by GPC) of oligo(MA-PSt) was con- 
sistent with calculated one and the degree of polymerization of oligo(MA-PSt) 
was in good agreement with the mole ratio of macromer to initiator.  These 
findings indicate that well-defined oligo(MA-PSt), star-shaped polystyrene hav- 
ing five branches at least, can be prepared by the group transfer  polymeri- 
zation of MA-PSt macromer. 

A 

I i I I i i i I i i i I I 
30  35 4 0  

% (ds) 

Figure 1. GPC curve of the re- 
covered polymer in Expt H-2. 
(dotted line curve, unpolymerlzed 
MA-PSt) 
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F igu re  2, GPC t races  o f  
MA-PS t  m a c r o m e r  ( - - - )  and 
o l i go (MA-PSt )  ( - - )  ob ta ined  
in Expt  H-7.  

In order to check further the polymerizabili ty of MA-PSt macromer in 
the group transfer polymerization, we performed the polymerization in the 
presence of MMA, i . e . ,  the copolymerization with MMA, using the same ini- 
t iator and catalyst  as in the homopolymerization. Table 2 shows polymeriza- 
tion conditions and the results of the copolymerization. In conclusion, the 
extent  of conversion of MA-PSt is greatly heightened in the copolymerization 
with MMA. Even though the polymerization temperature  was 0~ MA-PSt 
was copolymerized quant i ta t ively to give poly(MAo P S t - c o - M M A )  of which 
molecular weight was consistent with calculated one. In addition, the rate 
of copolymerization was so fast that the copolymerization completed within 
20 min as shown in Figure 3. Also, in spite of [MA-PSt]/[I] = 20.5, about 
half amount of MA-PSt was converted to poly(MAoPSt-co-MMA) at -78~ 
As a notable feature of this copolymerization, it can be noted that the mole- 
cular weight distribution of poly(MA~ prepared by the group 
transfer copolymerization is very narrow compared to that prepared by radical 
copolymerization under the condition of similar monomer feed ratio (Figure 
4). These results suggest that the group transfer copolymerization has a 
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Table 2 

Group Transfer Copolymerization of MA-PSt with MMA a) 

Copolymer 

tool. wt. x 10 - 4  
Expt MA-PSt MMA [M1]/ [M2ll Temp Time Conv. 

[Mll [M2] [ l ] [ I ] of m 1 

(mmol/L) (retool/L) (~ (h) (%) calcd GPC 

C-I 5.88 162 4.94 136 0 0.3 96 3.2 3.1 
C-2 6.52 179 5.02 138 0 8 96 3.3 3.1 
C-3 6.52 179 5.02 138 0 24 97 3.3 3.2 

C-4 9,32 51 19.2 I06 0 48 9 8.4 2.2 

C-5 I0.2 175 20.5 352 -78 24 49 11 7.2 

a) Solvent, initiator, catalyst,  mole ratio of initiator to catalyst, and explanatory notes 
are the same as in Table 1. 
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Figure 3. Time-conversion curve for group 
transfer copolymerization of MA-PSt with 
MMA. 
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Figure 4. Molecular weight distri- 
butions of poly(MA.PSt-co-MMA)s 
obtained by radical ( - - - )  and group 
transfer ( ~ )  copolymerizations. 

b r i g h t  p r o s p e c t  of  p r e p a r i n g  w e l l - c o n t r o l l e d  g r a f t  c o p o l y m e r s  and  t h e y  h a v e  
p r o m p t e d  us to  s tudy  f u r t h e r  t h e  g roup  t r a n s f e r  c o p o l y m e r i z a t i o n  of o t h e r  
m e t h a c r y l a t e - e n d e d  m a c r o m e r s  such  as  p o l y ( t e t r a h y d r o f u r a n )  and  p o l y ( e t h y l e n e  
oxide} m a c r o m e r s  as wel l  as MA - PS t .  D e t a i l s  on t he  c o p o l y m e r i z a t i o n s  wil l  
be  r e p o r t e d  e l s e w h e r e  in t he  n e a r  f u r t u r e .  
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