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Active investigation of the incorporation of COZ into 
organic molecules has been carried out from an economical 
and environmental point of view.l Although application 
of COZ to polymer synthesis has been reported by a few 
researchers, C02 has been utilized as a and 
high C02 pressure (>20 atm) is necessary1p2 to incorporate 
COz quantitatively and to obtain a high molecular weight 
of polymer. No direct incorporation of COz into a polymer 
has been reported so far. Meanwhile, the reaction of C02 
and oxirane, which affords a five-membered cyclic car- 
bonate, proceeds under an atmospheric pressure of C02 
when an effective catalyst is used4 or when an intramo- 
lecular reaction system is empl~yed .~  Thus, the incor- 
poration of COZ into a polymer bearing epoxy groups by 
a polymer reaction (eq 1) using an atmospheric pressure 
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of COz would be superior to other methods because not 
only can both original and produced polymers be separated 
very easily from the reaction system but also severe 
conditions will not be necessary to obtain quantitative 
incorporation of COZ. Further, the cyclic carbonate- 
containing polymer is interesting because a polymer 
bearing a five-membered cyclic carbonate group can be 
expected to be a useful reactive polymers6 

Herein, we report the first example of direct incorpo- 
ration of CO2 into a polymer by a polymer reaction under 
an atmospheric pressure of C02. 

Poly(glycidy1 methacrylate) (1) was selected as a can- 
didate for the incorporation of COZ. The reaction of 1 
(A&, 41 000) with C02 was first carried out in N,N-di- 
methylformamide (DMF) (1 mol/L) in the presence of a 
mixture of NaI and Ph3P as catalyst4 (1.5 mol % each) a t  
100 "C under an atmospheric pressure of C02. The 
incorporation ratio of C02 was estimated from lH NMR, 
IR,7 and titration8 of the obtained polymer. As shown in 
Figure 1, COa was gradually incorporated in the polymer, 
and after 24 h, the incorporation ratio of C02 reached 
88-92 % . Incorporation of COz into 1 took place very easily 
in spite of polymer reaction. The other unit except for 1 
and 2 could not be observed in the polymer from lH NMR 
and IR spectra. 

The effect of solvent on the efficiency of the incorpo- 
ration of CO2 was notable as shown in Table I. A higher 
incorporation ratio of C02 was obtained in DMF, NAN- 
dimethylacetamide (DMAc), and 2-methylpyrrolidinone 
(NMP), while the incorporation ratio of C02 in dimethyl 
sulfoxide (DMSO) was only 59 % , since DMSO oxidized 
the catalysts. Using a solvent in which NaI is insoluble 
(runs 5 and 61, the incorporation ratio of COP was lower 
(30-34 9% ), independent of the solubility of 2. These values 
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Figure 1. Incorporation of C02 (1 atm) into 1 in DMF (1 mol/L) 
a t  100 "C in the presence of NaI-Ph3P (1.5 mol %). 

Table I 
Effect of Solvent on the Incorporation of COz into 1. 

solubilityd 
run solventb incorporation ratio of COf (%) NaI 2 
1 DMF 89 
2 DMAc 84 
3 NMP 84 
4 DMSO 59 
5 CH3NOt 30 
6 PhCl 34 
7 diglyme 85e 
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In COZ atmosphere (1 atm), 100 "C, 24 h, catalyst = Ph3P (1.5 
mol %) and NaI (1.5 mol % ). 1 mol/L. For abbreviations, see text. 
Estimated by lH NMR. 0, soluble; X, insoluble. e Cross-linked 

polymer was obtained. The incorporation ratioof COz was estimated 
from the decrease of epoxide by titration. 

Table I1 
Effect of Reaction Conditions on the Incorporation of COz 

into 1. 

run 
1 
2 
3 
4 
5 
6 
7 d  
8 
9 

10 

- 
temp 
("C) 

80 
100 
120 
100 
100 
100 
100 
100 
100 
100 

conc 
(mol/L) 

1.0 
1.0 
1.0 
0.5 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

catalyst (mol % )  

NaI (1.5) + Ph3P (1.5) 
NaI (1.5) + Ph3P (1.5) 
NaI (1.5) + Ph3P (1.5) 
NaI (1.5) + Ph,P (1.5) 
NaI (4.0) + Ph,P (4.0) 
NaI (1.5) + Ph3P (1.5) 
PhCHzN+MeJ- (1.5) 
NaI (2.5) 

NaI (1.5) + Ph3P (1.5) 

Ph3P (1.5) 

incorporation 
ratio of 

C0+ ( 7 % )  
68 
89 
9 9  
78 
100 
100 
93 
65 
94 
45 

a In DMF, under COz atmosphere (1 atm), 24 h. Estimated by 
lH NMR. Cross-linked polymer was obtained. The incorporation 
ratio of C02 was estimated from the decrease of epoxide by titration. 

Under 6 atm of C02. 

were closely related to that obtained by using only Ph3P 
as catalyst in DMF (45%). Further, the incorporation 
ratio of COS in diglyme (run 7) was similar to that in DMF 
in spite of a heterogeneous reaction system. Thus, the 
solubility of NaI should be an important factor for the 
COZ fixation. 

The effects of reaction temperature, concentration of 
polymer, and catalyst on C02 fixation into 1 were studied 
in DMF, and the results are summarized in Table 11. The 
incorporation ratio increased with rising reaction tem- 
perature, although cross-linking occurred at  120 OC. High 
concentration of the polymer (2.0 mol/L, run 5) resulted 
in quantitative incorporation of COz. 1H NMR and IR 
spectra of the resulting polymer were identical to those of 
2,6 where no other unit was observed. Quantitative 
incorporation of C02 was also demonstrated by use of 4.0 
mol ?% of the catalysts (run 61, whereas high COP pressure 
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(6 atm) was not as effective (run 7). Benzyltrimethylam- 
monium iodide was not such an effective catalyst (run 8). 
When NaI (2.5 mol %) was used without Ph3P, effective 
incorporation of C02 was also achieved, indicating Ph3P 
was not an essential cocatalyst. Ph3P has only weak 
catalytic activity (run 10). 

Consequently, quantitative incorporation of C02 into a 
polymer bearing epoxy groups by a polymer reaction was 
accomplished under an atmospheric pressure of COZ in 
the presence of NaI and Ph3P as catalysts. 
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