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This thesis describes the research on synthetic methodology for polymers with cyclic structures by
using thermally responsive macrocycles. Macrocycles with bis(2,2,6,6-tetramethylpiperidin-1-yl)
disulfide (BiTEMPS) structure as a thermally reversible dynamic covalent bond realize a
universal method that can introduce various functional groups and molecular structures into
cyclic structures.

In Chapter 1, preceding studies on the molecules which have cyclic structures (.e., its examples of
structures, synthetic methods, and applications) are reviewed.

In Chapter 2, a systematic investigation of ring-chain equilibria of dynamic macrocycles with
BiTEMPS (MMs) is achieved. Linear polymers connected with BITEMPS and various spacers
were prepared and heated in dilution to investigate the components of products when reaching
the thermal equilibria. The result suggested that the equilibria are mainly controlled by a
balance between two kinds of entropy change.

In Chapter 3, a simple and versatile ring-expansion methodology is demonstrated. Heating MMs
in concentrated condition produced cyclic polymers. They were characterized by GPC equipped
with multi angle light scattering, revealing their cyclic topology.

In Chapter 4, a synthetic strategy for mechanically interlocked cyclic polymer via the ring-
expansion polymerization of MMs is presented. A bulk copolymerization of the MMs with a
supramolecular moiety induced polymeric entanglements and increased the storage modulus,
molecular weight, and its distribution of the resulting copolymers significantly.

In Chapter 5, the preparation method of MMs is applied to synthetic methodology for catenanes.
By merely heating a rotaxane with BITEMPS units at both ends in dilute solution, a catenane
was spontaneously and selectively produced.

Chapter 6 summarizes the contents of this thesis and gives perspectives of the research.
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