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In my doctoral thesis, I summarized the synthesis of macromolecular [1]rotaxane and its polymer
topological transformation, which utilize the dynamic feature of rotaxane moiety namely
mechanically-interlocked structure and molecular switch.

In chapter 2, I synthesized two station-type macromolecular [1]rotaxane via “rotaxane end-cap method”,
which is the terminal modification of the axle polymer using the size-complementary [1]rotaxane.
According to the characterization of molecular switch of two station-type macromolecular [2]rotaxane, the
wheel position was controlled to be at the polymer termini by stepwise protection-deprotection reaction of
station moiety using Troc and Ns substituents as protecting groups. Applying this molecular switch to the
macromolecular [1]rotaxane, reversible linear-cyclic polymer topological transformation was successfully
achieved. Similarly, the block polymer type macromolecular [1]rotaxane was synthesized by the rotaxane
end-cap method, and change in properties associated with the topological transformation were also
measured.

In chapter 3, I described an effective synthesis of macromolecular [1]rotaxane and its polymer topological
transformation, characterized by two important process: (1)simple and versatile synthesis of
macromolecular [2]rotaxane based on the “rotaxane-from method”, (2)efficient cyclization of [2]rotaxane
to [1]rotaxane by the intramolecular ring-closing metathesis reaction(RCM). I successfully introduced
[2]rotaxane structure to all polymer terminus by using a pseudorotaxane to initiate living polymerization,
and then subsequently converted [2]rotaxane to [1]rotaxane structure by RCM of the terminal olefins at the
axle polymer and wheel component. The polymer terminus capped with a 3,5-bis(trifluoromethyl)phenyl
carbamate moiety worked efficiently as the station of the crown ether wheel component, therefore I
achieved the simplified linear-cyclic polymer topological transformation by the N-acetylation of
macromolecular [1]rotaxane.

In chapter 4, I synthesized a novel macromolecular [1]rotaxane using versatile vinyl polymer as the axle
polymer. First, I synthesized [2]rotaxane containing ethynyl group. By reacting it to polymethylacrylate
with azide group at its terminus via Huisgen reaction, I achieved an efficient introduction of rotaxane
moiety to the vinyl polymer. Subsequent RCM of the terminal [2]rotaxane moiety yielded macromolecular
[1]rotaxane structure. Linear-cyclic polymer topological transformation was then achieved by the
transposition of the wheel component of the macromolecular [1]rotaxane.

In chapter 5, I summarized the results of the described chapters and concluded the doctoral thesis.
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