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Diversification of degradable rubber by trimethylene carbonate
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Poly(trimethylene carbonate) (PTMC) is an amorphous aliphatic polycarbonate
synthesized from CO,-derived trimethylene carbonate (TMC), known for its
biocompatibility, biodegradability, and chemical recyclability. However, its low
mechanical strength limits its application as a general-purpose elastomer. While
side-chain modifications and copolymerization with crystalline monomers have been
used to improve performance, they often compromise flexibility or recyclability.

This study demonstrates that La[N(SiMe3),]l; serves as an efficient catalyst for the
ring-opening polymerization (ROP) of TMC, enabling rapid synthesis of high molecular
weight PTMC (HMW-PTMC) even at low temperatures. Reactions proceeded rapidly,
and polymers with Mn over 500,000 g/mol were obtained within minutes. The resulting
polymer structures varied depending on the presence of alcohol, with cyclic polymers
formed in its absence and linear polymers formed in its presence. MALDI-TOF-MS and
NMR analyses revealed backbiting and trans-carbonation side reactions, specific to
carbonate monomers. Viscosity measurements confirmed both cyclic and linear
topologies.

HMW-PTMC synthesized in this study showed excellent mechanical properties,
including high elongation and strain-induced crystallization. Furthermore, PTMC
derivatives with oligo(ethylene glycol) side chains exhibited lower critical solution
temperatures (LCST) near room temperature, with LCST decreasing as molecular
weight increased. Variable-temperature NMR indicated the formation of
coacervate-like structures above LCST.

These findings establish La[N(SiMe3),l; as a powerful catalyst for producing
recyclable, high-performance PTMC-based materials, contributing to the development
of sustainable, CO,-based elastomers.
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