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Study on Synthesis of Random Copolymer of L-lactide with J-Valerolactone

Chikara TSUTSUMI* Naoki TAKAHASHI*

Souta MANABE *

In order to develop a novel controlled release material, we previously attempted to impregnate random copolymers of L-lactide (L-LA) with cyclic compounds

such as lactone or cyclic carbonate with low-boiling-point organic useful compounds using supercritical carbon dioxide (scCO) as the solvent. Although lowering

the melting point or heat of fusion of the polymer has been found to increase the oil uptake, even films with high L-LA proportions tend to melt during scCO2

processing at the relatively low temperature of 60 °C. In this work, random copolymers of L-LA with J-valerolactone (VL) were synthesized with Sn(oct)2 in order
to advance the thermal characteristic. The poly(L-lactide-ran-d-valerolactone) [poly(L-LA-ran-VL)] was synthesized by first purifying the monomers by

azeotropic distillation with benzene, followed by polymerization with Sn(oct). as catalyst using the same equipment, representing an efficient one-pot process. The

ring-opening random copolymerization of L-LA with VL at a feed ratio of 70/30 mol/mol was conducted in 2 ml of ethylbenzene per 1 g of monomer at 150 °C,
poly(L-LA-ran-VL) (71/29) with a molecular weight of 5.2x10* g/mol was obtained at 60% of yield. Products with molecular weights over 5.0x10* g/mol were

obtained at L-LA feed proportions of 70 to 90%.
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Scheme 1 Ring-opening random copolymerization of L-LA and VL
with Sn(oct)a.
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Table 1 Ring-opening copolymerization of L-LA with VL using

Sn(oct): in ethylbenzene.?)

Solvent/LA  Yield  Mw/10*®  My/M,® Composition®
[ml/g] [%] [mol/mol]
1 59.8 3.5 1.47 81/19
3 75.3 5.6 1.71 80/20
4 66.4 6.0 1.66 81/19
5 66.2 5.2 1.72 81/19

a) Copolymerization was carried out at 80/20 of L-LA/VL feed ratio
at M/C of 1000 mol/mol at 150 °C for 24 h. b) Determined by GPC.
¢) Determined by '"H NMR.
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Fig. 1 Relationship between solvent/monomer ratio and yield or
molecular weight for copolymerization at 80/20 of L-LA/VL feed
ratio in ethylbenzene at 150 °C for 24 h.
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Fig. 2 "H NMR spectrum of poly(L-LA-ran-VL) (71/29) specimen.
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Fig. 3 Relationship between M/C ratio and yield or molecular
weight for copolymerization at 80/20 or 90/10 of L-LA/VL feed
ratio in ethylbenzene at 150 °C for 24 h.
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Table 2 Ring-opening random copolymerization of L-LA with VL

using Sn(oct)2 without solvent.

Feed Yield  Mi/10*® My /My»  Composition ©
[mol/mol] [%] [mol/mol]
90/10 61.9 1.5 1.91 91/9
80/20 54.2 1.4 1.87 83/17
70/30 50.6 0.6 3.47 71/29

a) Copolymerization was carried out at a M/C ratio of 1000 mol/mol
at 150 °C for 24 h. b) Determined by GPC. ¢) Determined by 'H
NMR.
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Table 3 Physical properties of L-LA/VL random copolymers.

Comp.?d  My/10*®  My/My®  Tn®  AHn® Ty
70 it [mol/mol] rC] g [°C]
\ 89/11 8.20 1.71 171.9 32.6 51.6
82/18 6.10 1.68 173.7 42.1 46.9
s o0 82/18 4.50 1.74 171.1 42.9 45.8
% 82/18 3.80 1.56 171.3 43.5 43.0
- 50 SLLAVLEM) 73/27 4.30 1.65 170.5 432 40.0
BLLAVL(S?) 72/28 4.80 1.58 171.5 43.1 41.2
«LLA/VL(7/3) 62/38 3.80 1.54 168.0 34.8 35.2

40 s s s a) Determined by '"H NMR. b) Determined by GPC. ¢) Determined
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Fig. 4 Relationship between solvent/monomer ratio and yield for
random copolymerization of L-LA with VL using Sn(oct): in
ethylbenzene at 150 °C for 24 h.
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Fig. 5 Relationship between solvent/monomer ratio and molecular
weight for random copolymerization of L-LA with VL using
Sn(oct)z in ethylbenzene at 150 °C for 24 h.
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