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Carbon dioxide (CO,), as an abundant and typical renewable C1 source as well as the most significant greenhouse gas,
has been drawing more and more attention. As a renewable feedstock, the transformation of CO, into useful chemicals
would be particularly important and deserves worldwide attention. The reaction of CO, with epoxides to produce cyclic
carbonates has gained considerable attention over the past years. The 100% atom-economical reaction between epoxides
and CO, to produce cyclic carbonates has great potential to be a key reaction in the future green chemical industry. The
cyclic carbonate products already have numerous applications, and these will surely expand further as the importance
of green and sustainable chemistry increases in coming decades. Notably, the synthesis of ethylene and propylene

carbonates has already been industrialized.
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Scheme 1. The structures of P1 and PVP.

In this paper we have developed three polymers and hydroxypyridines as catalyst in cyclic carbonate synthesis
starting from CO, and epoxides. Especially it can be emphasized that they are organocatalytic systems which allow this
transformation under mild conditions. With respect to the employed catalyst types it can be shown that organocatalysts
in contrast to metal complex catalysts are often commercially available and/or easily accessible, e.g. poly(4-vinylphenol)

(PVP) (Scheme 6-1) and hydroxypyridines. The reaction of terminal epoxides with CO, is well established and can be



performed at lower temperature and under atmosphere pressure of CO,. In contrast, the conversion of internal epoxide (for
example, cyclohexene oxide) under mild conditions remains challenging. Moreover, the 3-hydroxypyridine/tetra-n-bu-
tylammonium iodide (TBAI) organocatalytic system exhibited excellent stability in the cycloaddition reaction of CO,
with epoxides, even in the presence of minor non-toxic components such as water, air, and O,.

Poly(4-vinylbenzylbromide) (PVBB) showed bad recyclability tests might be due to the leaching of bromine from
supported material in PVBB/DMF system. Poly(4-vinylbenzylchloride) (PVBC) or PVBB in combination with DBU is
a heterogeneous catalytic system and might reduce the catalytic activity. The polymer-supported catalyst P1 (Scheme
6-1) with 2-pyridinemethanol moiety with TBAI was a heterogeneous system and showed moderate activity for most of
epoxides because P1 has higher molecular weight or stronger polarity. And the PVP/TBAI system could be easily sep-
arated and recycled more than six times and give yields higher than 90% for 1,2-epoxyhexane and styrene oxide, while
it was deactivated sooner for epichlorohydrin (three-time recycles) owing to more frequent and complex reactions with
PVP, which was suggested by '"H NMR analysis. These discoveries of strengths and weaknesses will be applied and im-
proved in our future works.

The quest for even more active and selective organocatalysts at low temperature, CO, concentrations and pressure
(preferably at atmosphere pressure) still remains challenging and is a hot research topic in academic laboratories and
industries. It is now recognized that the most effective catalysts need suitable combination of a Lewis acid to activate the
epoxide with a nucleophile to open the epoxide ring and subsequently act as a leaving group and a Lewis or Brensted
base to activate CO,. The halide ions (I', Br, and CI') usually acted as good nucleophiles but they often contaminate
the products and damage eguipments. Therefore, developing halide ion free catalytic systems are attracting important

interest from the scientific community.
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