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Abstract: Industrial synthesis is driven by a delicate balance of
the value of the product against the cost of production.
Catalysts are often employed to ensure product turnover is
economically favorable by ensuring energy use is minimized.
One method, which is gaining attention, involves cooperative
catalytic systems. By inserting a flexible polymer into a metal-
organic framework (MOF) host, the advantages of both
components work synergistically to create a composite that
efficiently fixes carbon dioxide to transform various epoxides
into cyclic carbonates. The resulting material retains high
yields under mild conditions with full reusability. By quanti-
tatively studying the kinetic rates, the activation energy was
calculated, for a physical mixture of the catalyst components to
be about 50 % higher than that of the composite. Through the
unification of two catalytically active components, a new
opportunity opens up for the development of synergistic
systems in multiple applications.

Catalysis has long been the driving force in facilitating
improvements to chemical reactions. Its impact is seen in the
development of new systems that would otherwise not occur,
and in the improvement of current processes for incorpora-
tion into the industrial-scale."! Traditional catalysis employs
a single substrate, which works to lower the energy barrier for
the reacting species to more efficiently interact.’! While these
catalysts have enhanced a nearly endless number of reactions,
there is still room for improvement with regards to activity,
selectivity, and reusability. Confinement and cooperativity are
important design principles used by nature to optimize the
catalytic activity of enzymes. In these biological systems,
complicated organic compounds can be catalytically con-
structed in a confined pocket. By utilizing multiple active
residues they work in a concerted manner to allow metabolic
processes to proceed with minimal energy input (Scheme 1).F!
Integration of multiple catalytically relevant functionalities
into a confined nano-space has recently emerged as a strategy
to tailor and enhance properties far beyond that of the

[*] B. Aguila, Dr. Q. Sun, X. Wang, E. O'Rourke, Prof. S. Ma
Department of Chemistry
University of South Florida
4202 E Fowler Ave., Tampa, FL 33620 (USA)
E-mail: qisun@usf.edu

sqma@usf.edu

Prof. A. M. Al-Enizi, Prof. A. Nafady, Prof. S. Ma
Chemistry Department, College of Science, King Saud University
Riyadh, 11451 (Saudi Arabia)

@ Supporting information and the ORCID identification number(s) for
the author(s) of this article can be found under:
https://doi.org/10.1002/anie.201803081.

Angew. Chem. Int. Ed. 2018, 57, 10107 -101M1

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

o)
O
S
[
=
1]
Reaction Progress
No ?aﬁon_al Cooperative
Catalyst Catalyst Catalyst

Scheme 1. Activation energy diagram with representative catalytic
systems.

individual parts.¥ This is, however, only feasible if the
combined distribution and inter-site distance allows for
a concerted catalytic mechanism. This remains an ongoing
challenge in the field of catalysis.

A recent material design approach involves polymer
inclusion within porous materials, which has already been
implemented in numerous applications ranging from acid
catalysisP! to ion exchange for precious metal recovery.l’! Our
group previously employed this strategy within a covalent
organic framework (COF) to demonstrate the enhanced
catalytic activity for the chemical fixation of carbon dioxide
into epoxides to form cyclic carbonates.”! This process uses
one of the top greenhouse gases as a carbon feedstock in
a 100 % atom-economical reaction; not only removing carbon
dioxide but also providing it a function, rather than traditional
approaches of underground adsorption.”! It was found that
due to the absence of binding, the linear ionic polymer
threaded with high flexibility enables the catalytic component
therein and the Lewis acid sites anchored on the COF wall
worked in a concerted manner, outperforming the individual
components and many benchmark catalysts for this reac-
tion."” Another class of advanced materials that have shown
potential for cooperative use in catalysis is metal-organic
frameworks (MOFs),” which are characterized by their
diverse structures, tunable pore sizes, and high surface
areas.'”! These properties have led to their use in a range of
applications such as gas storage and separation,') optoelec-
tronics,"” and catalysis.'¥ The functional space within the
pores of MOFs provides ideal conditions for catalytic
reactions, thus they have been used extensively in heteroge-
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