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Controlling and reversing covalent bonds remains a central challenge for truly
recyclable polymer systems. Here, we establish quinolinone motifs as multi-
stimuli-responsive gating units for orthogonal covalent chemistry, based on a
reversible [2n+2n] cycloaddition activated by light and/or heat. Systematic
evaluation across wavelengths and conditions reveals highly efficient, orthogonal
photoprocesses with near-quantitative conversions and exceptional cyclability
over eight cycles.[1] Incorporation of quinolinone units into oligomers enables
catalyst-free, fully reversible photopolymerization in solution, yielding polymers
up to 60 kDa that can be quantitatively depolymerized over multiple cycles.
Oxygen emerges as a key environmental control parameter, shifting
photoreversion from UV-C to UV-B while preserving high efficiency and
cyclability, significantly expanding the operational window.[2] In parallel, we
demonstrate at the molecular level for the first time that quinolinone dimers
undergo quantitative thermal cleavage in the solid state, achieving >99%
monomer recovery within 10 minutes at 210 °C. Building on this, integration as
pendant groups enables light-induced crosslinking and thermally triggered
cleavage of polymer networks, providing a direct route to recyclable crosslinked
materials. This approach further enables precise tuning of material properties
through controlled processing, supporting advanced applications such as
coatings with programmable debonding.[3]

Overall, this work establishes quinolinone-gated chemistry as a design
framework in which responsiveness is encoded as a functional variable, enabling
polymer systems with controlled lifecycles from synthesis to deconstruction.
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