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The objective of this thesis is development of new controlled polymerization systems by approaches based on
environmentally benign aspects.

Chapter 1 describes about background and objective of this thesis. Controlled polymerization has attracted
increasing attention as a useful tool for providing well-defined and narrow-polydispersity polymers. However,
one of the problems in controlled polymerization technique is pollution of environment. On the other hand,
biodegradable polyesters produced by a microorganism are eco-friendly materials. However, syntheses of these
polymers by used a microorganism are complicated and showed difficulty in polymerization to control molecular
weight and polymer structure. In this research, therefore, | proposed new controlled polymerization systems by
approaches based on environmentally benign aspects.

Chapter 2, | performed hematin-catalyzed atom transfer radical polymerization (ATRP) of
N-isopropylacrylamide (NIPAAm) by used hematin which has the structure similar to an active center of
horseradish peroxidase, in the presence of an alkyl halide initiator and a reducing agent. The present system
suppressed the use of toxic transition metal catalysts, leading to the environmentally benign ATRP. The
polymerization was progressed in the presence of an alkyl halide initiator, hematin, and a reducing agent.
Furthermore, | demonstrated the controlled fashion of the hematin-catalyzed ATRP of NIPAAm under selected
conditions.

Chapter 3, | demonstrated that ATRP of acrylic acid and vinyl acetate, which has shown the difficulty in
polymerization by the general ATRP. The polymerization of acrylic acid was progressed by using hematin as the
enzyme mimetic catalyst in the presence of the alkyl halide initiator and reducing agent. The GPC measurement
of product indicated that the monomer conversions and molecular weight values increased with prolonged
reaction times. Furthermore, the polymerization of vinyl acetate was progressed by using hematin as the enzyme
mimetic catalyst in the presence of the azo initiator and reducing agent. The polymerization result showed a
possibility for the controlled fashion under the selected conditions.

Chapter 4, | found that acid-catalyzed ring-opening polymerization of y-butyrolactone (y-BL) took place under
high pressure conditions, which has shown the difficulty in progress by the general ring-opening polymerization.
A component of biodegradable polyester, poly(4-hydroxybutyrate), produced by a microorganism, has a structure
same as poly(y-BL) and have received considerable attention due to its biocompatibility and biodegradability. In
this chapter, | found that the polymerization was progressed under high pressure conditions. Furthermore, the
monomer conversions increased with increasing pressures. Moreover, the molecular weight values increased with
increasing monomer conversions. These results suggested the controlled fashion of the present polymerization.

Chapter 5 describes on acid-catalyzed ring-opening copolymerization of y-BL and (R)-B-butyrolactone took
place under high pressure conditions to give eco-friendly materials. The copolymer has a structure same as
biodegradable polyester, poly ((R)-3-hydroxybutyrate-co-4-hydroxybutyrate), produced by a microorganism. The
ratio of y-BL segments were increased with increasing pressure.

In Chapter 6, the results of this study are summarized.



