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The escalating reliance on plastics and the price volatility of
fossil fuels demand recycling strategies that recover monomers
without degrading material quality. Polyethylene terephthalate
(PET), despite being the most widely produced and recycled
polyester, degrades during thermomechanical recycling,
limiting recycled material to low-end applications. Herein, we
demonstrate that incorporating dimethoxy-functionalized
Trojanterephthalates (DMTPA) at 2.5-5 mol% enables
depolymerization to monomers in pressurized subcritical water
at 180 °C. We developed a “scalable O-methylation route” to
synthesize DMTPA using DMC (dimethyl carbonate) and DMS
(dimethyl sulfide) under conditions that result in DMC
decomposition (250 °C, 1100-1500 psi), generating supercritical
CO2 and methanol in situ, eliminating the need for toxic
alkylating agents such as methyl iodide, dimethyl sulfate, and
other cosolvents. Density functional theory (DFT) reveals that
ortho-methoxy groups twist the ester carbonyl out of plane by
24 °, disrupting resonance and increasing susceptibility to
nucleophilic attack. DMTPA facilitates Lewis acid coordination
and reduces crystallinity, leading to rapid bulk hydrolysis;
calculations show that ZnCl2 is more effective than Zn(OAc)2
for depolymerization. Pilot-scale production (>70 kg), solid-state
polymerization to bottle-grade intrinsic viscosity, and injection
stretch blow molding of commercial spirit bottles confirm full
drop-in compatibility with existing manufacturing
infrastructure. The limited incorporation of Trojan
terephthalates maintains the performance properties of
conventional PET while adding inherent chemical recyclability,
thus creating a synthetic approach to circular plastics
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Synthesis of Trojan terephthalates for triggering lewis acid
catalyzed polyester depolymerization
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