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MAY POST-ARGET ATRP FUNCTIONALIZATION BE A GOOD WAY FOR POLYSTYRENE UP-CYCLING? 
TITOLO IN ITALIANO: LA FUNZIONALIZZAZIONE POST-ARGET ATRP PUÒ RAPPRESENTARE UNA BUONA STRADA PER L’UP-CYCLING DEL POLISTIRENE?
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Introduction
The notoriously poor (bio)degradability of vinyl polymers is due to their chemically stable backbone. To lower their environmental impact, it is strategic to intercalate labile bonds along the backbone. These weaker bonds could then be broken faster under environmental conditions, releasing more easily (bio)degradable fragments. By intercalation of disulfide bonds, chemical upcycling is also made possible since the released fragments have the same functionality at both ends (thiol-terminated telechelic shorter chains). These fragments can thus undergo polycondensation, either to reform the starting polymer or to be copolymerized into a novel material. The pursue of sustainability in polymers should show both in the final product as well as in the employed synthetic route. Meaning that, a sensible procedure to intercalate said labile bonds should be employed.
Material and Methods
Activators Regenerated by Electron Transfer Atom Transfer Radical Polymerization (ARGET ATRP) of styrene from a bifunctional alkyl chloride initiator, yielded low-MW telechelic polystyrene (α,ω-dichloroPS). The green system employed has low-ppm quantities of catalyst (CuCl2/TPMA), uses an ascorbic acid lipophilic derivative as the reducing agent, and is performed in a sustainable solvent mixture (EtOAc/EtOH). Dehydrochlorination in DMF of the recovered α,ω-dichloroPS yielded the corresponding dialkene. Finally, photochemically promoted thiol-ene addition of α,ω-dienePS and 1,4-butanedithiol yielded thiol-terminated telechelic polystyrene. Telescopic polycondensation with a bland oxidant resulted in a polystyrene with in-chain disulfide labile bonds. Chain-end functionality of α,ω-dichloroPS and its derivatives was determined by 1H-NMR, meanwhile molecular weight distribution (MWD) by Gel Permeation Chromatography (GPC).
Results
ARGET ATRP has two sought after advantages: high end-group fidelity and predetermined MWD. Both showed in the green system reported. Furthermore, the designed experiments highlighted the influences of the reagents’ quantities on both yield and MWD. Dehydrochlorination was carried to completion without any sensible variation in the MWD. A similar result was obtained in thiol-ene addition, by adjusting the reaction conditions. Finally, GPC showed successful polycondensation of the thiol-terminated polystyrene.
Discussion
Emphasis was placed in choosing green functionalizations. For this reason, instead of the nucleophilic substitution reported in literature we employed dehydrohalogenation followed by thiol-ene addition. Furthermore, polycondensation is telescopic to the latter step as a mean to incorporate in the polymeric matrix the excess of 1,4-butanedithiol. Although evidence of effective enhancement of (bio)degradability is missing, the present work serves as a proof of concept for the sustainable synthesis of vinyl polymers with in-chain labile bonds.
