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Table 1  Ring-opening polymerization of TeMC , with different

monomer concentrations®

TeMC ,/Toluene Conversion
Entry M, M,/ M,

gl " %
1 0.1/Blank 6000 1.3 10
2 0.1/0.05 9400 1.4 22
3 0.1/0.1 29200 1.5 50
4 0.1/0.2 28300 1.7 80
5 0.1/0.4 32400 1.5 93
6 0.1/0.8 22400 1.6 88

* All polymerizations were carried out during 48 h under fixed enzyme
concentration of 10 mg/g  Novozym-435/ TeMC ,

0.4 mL 48 h

100% .

" TeMC ,
2.2 TeMC ,
75C 48 h 0.4 mL 0.1¢g

Novozym-435 0.512
48mg 2
2 mg 8 mg
35500

24900.

Table 2  Ring-opening polymerization of TeMC , with different lipase

concentrations”
Entry Enzyme M, MM, Conversion

concentration mg/g " %
1 0.5/0.1 15400 1.5 60
2 1/0.1 32400 1.5 93
3 2/0.1 35500 1.5 96
4 4/0.1 31800 1.4 97
5 8/0.1 24900 1.6 99

* All polymerizations were carried out during 48 h under fixed TeMC ,/
toluene ratio of 0.25 g/ml. " Novozym-435/ TeMC ,

2.3 TeMC,
0.2¢ 2 mg Novozym-435 4 mL
75°C 96 h
TeMC ,
TeMC 2
96 h 80 %
3
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£ 0. O S
04k F/ 435 for several times
02 F Reuse time M, MM, Conversion %
OO ! 1 1 1 1
0 20 40 60 80 100 0 26300 2.1 93
Reaction time (h) 1 14500 2.0 85
8000 2 14100 1.8 9
3 16300 1.8 89
6000 - fni * All the polymerization were carried out at 75°C for 3 days with 0.1 g
-0
o~ H TeMC , and 2 mg Novozym-435 in 0.4 mL toluene
F 4000 o
= o
D’D/
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- 4 Profiles of In My / M, versus reaction time a and M,
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NOVOZYM-435 CATALYZED RING-OPENING POLYMERIZATION
OF A MACROCYCLIC CARBONATE

FENG Jun WANG Huafen LI Shuangfeng ZHUO Renxi
Key Laboratory of Biomedical Polymers Ministry of Education — Chemistry Department ~ Wuhan University = Wuhan 430072

Abstract Biodegradable aliphatic polycarbonates have attracted great attentions as an important kind of biomedical
materials. In this study metal-free ring-opening polymerization of 14-membered dimmer cyclobis tetramethylene
carbonate TeMC , was attempted at 75°C in toluene and in the presence of porcine pancreas lipase PPL
candida rugosa lipase Lipase AYS or immobilized lipase Novozyme-435 to afford poly tetramethylene carbonate

It was found that Novozyme-435 exhibited comparatively high catalytic activity with Sn Oct , while PPL and AYS
exhibited no obvious activity to the polymerization of TeMC , with respect to the conversion and molecular weight.
Optimal reaction conditions including monomer concentration and Novozyme-435 concentration were explored in an
effort to positively influence the outcome of the ring-opening polymerization. The polymerization rate was markedly
increased with increasing the enzyme concentration. A region exists around toluene/ TeMC , ml/g ratio of 4:1
where Novozyme-435-catalyzed polymerizations could result in higher molecular weight and monomer conversion. It is
interesting to point out that in the absence of toluene the solid-phase polymerization could also occur at
predetermined temperature of 75°C which was much lower than the melting point of TeMC , T, =170~ 172°C
The result of kinetic studies of polymerization showed that Novozym-435-catalyzed polymerization of TeMC , did not
behave living characteristics reported for that of e-caprolactone. The experimental data also indicated that the
immobilized lipase Novozyme-435 could be repeatedly used with high activity.

Keywords Aliphatic polycarbonate Enzymatic ring-opening polymerization Novozym-435 Poly tetramethylene

carbonate





