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This thesis describes the research that offers a methodology for further versatile employment of dynamic
disulfide chemistry to chain exchange reactions of cross—linked polymers.

In Chapter 1, preceding studies on the cross—linked polymers incorporated with various exchangeable
linkages are reviewed, which focus on degradable and/or malleable network design.

In Chapter 2, efficient degradation of epoxy resins with disulfide linkages prepared from
bis(4-glycidyloxyphenyl)disulfide (BGPDS) is demonstrated. BGPDS enables an incorporation of disulfide
bonds into diepoxide moiety, which leads to fragmentation into small molecular fractions when the disulfide
linkages are cleaved. Furthermore, the resins prepared from BGPDS showed comparable mechanical properties
to the resins without disulfide bonds because of the covalent character of disulfide bonds without external
stimuli.

In Chapter 3, dynamic covalent chemistry of bis (2, 2, 6, 6-tetramethylpiperidin-1-yl) disulfide (BiTEMPS)
derived from thermally reversible homolytic dissociation of disulfide bonds is presented. High air
stability of TEMPS radical was observed even at 100 ° C, affording facile employment of thermal
dissociation-association equilibria and adjustable bond exchange properties under atmospheric conditions.
We also established an efficient synthetic route for a modifiable derivative of BiTEMPS that enabled
incorporation of dynamic properties into linear and network polymer structures. The obtained polyurethanes
showed controllable molecular weights, temperature—dependent swelling properties, healing ability, and
recyclability, reflecting the thermally tunable dynamicity of BiTEMPS.

In Chapter 4, synthesis and malleable properties of network poly(hexyl methacrylate)s synthesized by
free-radical polymerization using BiTEMPS—containing di (meth)acrylate cross—linkers are demonstrated.
Tolerance of BiTEMPS against carbon radicals at room temperature was revealed, which enabled incorporation
of BiTEMPS into vinyl polymers via free—radical polymerization. The molecular structure was characterized
after de—crosslinked via bond exchange reaction with excess small BiTEMPS compounds, which confirmed that
the target polymer network was synthesized. The obtained poly (hexyl methacrylate)s showed damage—healing,
stress—relaxation, and reformable properties after pulverized.

Chapter 5 summarizes the contents of this thesis.
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