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Abstract of Thesis

Topology, originally developed as a branch of mathematics, deals with properties of objects
that are preserved under continuous deformations such as stretching, twisting, or bending, without
cutting or gluing. Two objects are considered topologically equivalent (or homeomorphic) if one
can be smoothly transformed into the other through such continuous deformations. To deeper
understand the properties of molecules with distinct topologies, paving the way for their further
application, this thesis primarily focuses on developing novel strategies for tuning molecular
topologies. Specifically, the catalyst-free photoreaction is applied as an important tool to regulate
the topologies of polymer, macrocycle and rotaxane via the supramolecular strategies.

First, efficient preparation of cyclic polymers is realized through the assistance of
pseudo-polyrotaxane, in which intramolecular [2+2] photocycloaddition serves as the trigger. This
method enables cyclization at concentrations up to 80 g/L, hundreds of times higher than those
achievable by conventional approaches.

Next, a methodology to tune the topology of macrocycles is developed. By stimuli-triggered
and reversible intramolecular [2+2] photocycloaddition, a transformation between
non-homeomorphic topologies (ring versus figure-eight ring) was achieved. The topology
transformation is then applied to synthesize rotaxanes and tune the mechanical interlocked states
in rotaxanes. With introducing rationally designed axle molecule, using the macrocycle that is
capable of transforming to figure eight ring as wheel molecule, [2]rotaxane is successfully
synthesized with quantitative conversion, and [3]rotaxane is also synthesized with high
conversion (91%). Similar to the geometric isomers obtained in the transformation of macrocycle
in the absence of axle molecules, chair-like and orthogonal rotaxanes are obtained. Additionally,
the mechanical bond in chair-like rotaxanes can be unlocked and convert back to the
pseudo-rotaxane under heating, with a quantitative conversion.

In conclusion, this thesis has investigated the control of topology at a molecular level. These
findings provide valuable insights into the rational design of complex molecular architectures and

offer potential for broader applications in related fields.
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