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Scheme 1 Synthesis of chloro(5,10,15,20-tetraphenylporphinato ) aluminum
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Table 1 Effect of solvent; CHO/CO, copolymerization catalyzed by TPPAICl/ ( PPN) Cl systems®
Solvent Yield Carbonate '
M, PDI(M, /M) NN
(mL) (% ) linkages (% )"

Bulk polymerization 97.2 94.0 6800 1. 11 41
CH,C1, (10 mL) 84.5 95.8 5600 1.12 43
CH,Cl, (30ml) 52.6 92.6 2700 1.15 55
Dioxolane(10ml) 92.9 97.1 6500 1.12 41

* Reaction condition:80°C ; 9 h; 500 mmol CHO; TPPAICI: PPNCI: CHO = 1:1:2000 (molar ratio) 5 P, =4.0 MPa; > Determined by "H-NMR

spectroscopy; ° Determined by gel permeation chromatography in THF; ¢ N, is the number of the copolymer molecules, calculated from the yield

and the number average molecular weight: N, =yield x M, -t
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Table 2 Effect of catalyst concentration on the copolymerization®

Yield Carbonate linkages” PDI

[ CHOJ/[ TPPAICI] M, N,/Ny"
(%) (%) (M,/M,)°
3000 82.6 93.6 4500 1. 14 78
2000 84.5 95.8 5600 1.12 41
1000 100 95.2 5100 1.18 28
500 95.6 96.7 4900 1.13 14
50 71.1 95.3 2500 1. 11 2

* The reaction was performed in CH, Cl, (10 mL; TPPAICI =0. 25 mmol; TPPAICI: PPNCI: CHO =1:1:2000, molar ratio) at 80°C for 9 h, PC”Z

=4.0 MPa; Notes (b), (c), (d) are the same as those in Table 1.
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Scheme 2 Possible structure of copolymer
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Scheme 3 The possible chain transfer mechanism during the copolymerization
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Scheme 4  The mechanism of “Immortal polymerization”
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COPOLYMERIZATION OF CYCLOHEXENE OXIDE AND CARBON
DIOXIDE CATALYZED BY ALUMINUM PORPHYRIN

QIN Yusheng, WANG Xianhong, ZHAO Xiaojiang, WANG Fosong
(Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022)

Abstract  Chloro (5, 10, 15, 20-tetraphenyl-porphyrinato ) -aluminum ( TPPAICI ) in combination with
bis( triphenylphosphine) iminium chloride ( PPNCl) was used as binary catalyst for the copolymerization of
cyclohexene oxide and CO,. After 9 h reaction at 80°C , poly (1,2-cyclohexylene carbonate) ( PCHC) with
narrow molecular weight distribution (M /M, =1.12) was obtained and the yield was as high as 97.2% .
However, the number average molecular weight was only 6.8 x 10°. It s found that the concentration and
polarity of solvents have little effect on the chain transfer reaction, whereas a decrease in monomer
concentration leads to a remarkable reduction in the chain transfer reactions, indicating that there exists obvious

chain transfer to monomers. Furthermore, the structure of PCHC was analyzed by matrix-assisted laser
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desorption ionization time-of-flight mass spectrometry ( MALDI-TOF/MS ) technique, upon which the
mechanism of chain growth and chain transfer reaction in the polymerization process was proposed : during the
copolymerization of cyclohexene oxide and CO, catalyzed by TPPAICI/PPNCI system, besides the added
initiator , newly active centers were generated by chain transfer, thereby the number of the polymer molecules
exceeded the number of the added aluminium porphyrin molecules. Furthermore , the narrow molecular weight
distribution of the obtained polymer indicates that the rate of chain exchange is much faster than that of chain
propagation. The reversibility of the rapid exchange reaction is the key of alternation of chain termination and
chain propagation.

Keywords Carbon dioxide, Poly (1, 2-cyclohexylene carbonate), Aluminum porphyrin catalyst, Chain

transfer reaction



