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Synthesis of Hyperbranched Polyester by Combination of Prepolymerization
with Enzymatic Condensation Polymerization and Its Characterization
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Abstract: A new route for hyperbranched aliphatic polyester by the prepolymerization of comonomers followed by the enzymatic con-
densation polymerization in organic media was developed using glycerol, 1,6-hexanediol, and adipic acid as comonomers and using immobi-
lized lipase Novozym 435 as a biocatalyst. The organic solvents, such as isooctane, toluene, tert-butanol, tetrahydrofuran, and acetone, were
used as the reaction medium for enzymatic condensation polymerization. The effects of reaction medium and reaction temperature on the
enzymatic condensation polymerization were investigated. The molecular mass and the structure of the prepared polyesters were character-
ized by gel permeation chromatography and NMR. The results indicated that the hyperbranched aliphatic polyester could be successfully
synthesized under the mild conditions by the combination of prepolymerization of comonomers with enzymatic condensation polymerization
in organic media. Toluene was the best reaction medium among the examined ones, and the lipase Novozym 435 exhibited the highest activ-
ity at 70 °C within the temperature range from 50 to 90 °C. The polyester prepared by prepolymerization and the enzymatic condensation
polymerization in toluene at 70 °C possessed the maximal molecular mass of up to 1.31x10* and the branching degree of about 0.27.
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Scheme 1.  Synthetic route for hyperbranched polyesters.
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Fig. 1. *H NMR spectrum of polyester product synthesized by com-

bination of prepolymerization with enzymatic condensation polymeri-
zation.
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Fig. 2. Inverse gated **C NMR spectrum (a) and its locally scaled-up (6 = 60.0-74.0) of the polyester product synthesized by combination of pre-
polymerization with enzymatic condensation polymerization.
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Table 1 The chemical shift and the relative integral value of the cor-

responding signal ascribed to each structural unit from the inverse
gated **C NMR spectrum of the polyester product

Structural unit Chemical shift Relative integrity
Den 68.9 1.347
Te 70.0 1.256
Ta — 0
Th 62.5 0.685
L1, 72.1 1.000
Lis 67.8 2.361
Ly 64.2 5.675
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Table 2 The physicochemical parameters of the organic solvents used as the reaction media and the characteristics involving the molecular mass of

the products prepared in each medium

Physicochemical parameters of a solvent

Sample Reaction medium M,/10° PDI
81(Iem®)®s logP 1107 C-m) €

H-S1 isooctane 15.4 4.50 0 1.95 8.25 3.64

H-S2 toluene 18.2 2.50 1.23 2.24 11.20 4.67

H-S3 tert-butanol 239 0.83 5.54 11.40 4.08 3.20

H-S4 tetrahydrofuran 20.0 0.49 5.70 7.58 2.73 2.27

H-S5 acetone 20.4 -0.23 8.97 20.70 2.34 211

Reaction temperature: 60 °C. PDI—Polydispersity index.
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Fig. 3. Influence of reaction temperature on the product molecular

mass for lipase-catalyzed synthesis of hyperbranched polyester in tolu-
ene medium.
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