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The catalyst developed by this research made the synthesis of cyclic carbonates and carbamates

possible by utilizing C02 which is a “ green” perspective to the synthesis of value added compounds
with easy recovery and reusability of the novel catalyst for its applicability in chemical
industry.

The purpose of this research is to design highly active and stable new
catalyst with multiple activation sites that possess potentiality to activate C02 and can be applied
for one pot multicomponent coupling reaction under milder reaction condition. In this context, we
could synthesize heterogenous bifunctional Si02 based catalyst through functionalization of cheap
silica with imidazole-based ligand. The imidazolinium salt acted as ligand for metal and activator

for substrate and CO2. With this bifunctional system, cyclic carbonates were prepared using

propargyl alcohols under mild reaction condition. Our system provided green route for this reaction
without any additive such as organic and inorganic bases.
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Chemical fixation of CO, to useful chemicals has attracted much attention because it is
a non—toxic feedstock for carbon-based materials such as carboxylic acids, cyclic
carbonates, carbamates and lactones. Although CO; is used in many well-established
reactions, attractive and straightforward procedures for the direct carboxylation of
carbon nucleophiles with CO, as the electrophile remain largely underdeveloped. Cyclic
carbonates and carbamates are valuable chemicals. A numerous reaction catalyzed by
transition—metals homogenous and heterogeneous catalyst systems have been explored
recently, however, they need to use high pressure of CO., high temperature, small-membered
ring compounds, organometallics, or other higher energy starting materials, ligands; and
usually suffer from catalyst deactivation by agglomeration due to irreversible reaction
between reagents or side products with the active sites of the catalyst.

For activating such a highly stable CO,, some of the efficient Cu, Ni or Ag; and MOF
(metal-organic framework) based heterogeneous catalysts have been developed which help
in adsorption and activation of CO, as shown by experiment and DFT calculations. However,
such heterogeneous catalysts are very few and applied to CO, insertion in active
substrates such as terminal alkynes or boronic acids. In addition, investigation over
CO, activation on catalyst surface is limited to theoretical study only. Hence, new
catalysts still need to be developed which can activate multiple sites at once to carry
out multicomponent reaction with CO,. Through this proposed research we expect to design
highly active and stable new catalyst with multiple activation sites that possess
potentiality to activate CO, and can be applied for one pot multicomponent coupling
reaction under milder reaction condition.

This proposed plan constitutes the design and synthesis of highly active and stable
bifunctional catalysts for the multicomponent coupling reactions using CO, as C1 source
and its utilization in the production of useful chemicals and materials through multiple
site activation of substrate molecule to form carbonates and lactones by CO, insertion
reaction. It is expected that only heterogenous bifunctional catalyst possesses such a
capacity of multiple site activation of substrate and CO., through its high surface area
and reaction on the surface without additional strong oxidant or reductant to carry out
one pot multicomponent reaction with CO,.

(1) Preparation of bifunctional catalyst
Our proposed plan involves both the effect of solid support and ligand to prepare highly
active and stable bifunctional catalyst with high surface area, Lewis acid and basic sites,
and an affinity for carbon dioxide to carry out multicomponent coupling reaction. For
such purpose, metal oxides (MgO, Al.0; and Si0,) and electron donating ligands are applied
as stabilizer.

Here, based on our previous result (Tetrahedron 2018, 74, 948), highly active and stable
Mg/Al-hydrotalcite (HT) supported pyridine-Ag catalyst was prepared (scheme 1) to use
carbon dioxide in multicomponent coupling reaction.
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Scheme 1. Synthesis of HT-supported pyridine-Ag catalyst

We prepared bifunctional SiO, based Ag-catalyst through functionalization of cheap
silica (aerosil-300) having high surface area with imidazole-based ligand (scheme 2)
which acted as very effective capping agent for metal and activator for activation of
substrate and CO,. Simple nucleophilic substitution reaction was applied for
functionalization.



o] X

, ® Si0, 0 ® A
(EtO)gsl/\/alm —_— > §|/\/8Im — Ag-ImX@SiO,
X

IMX@SiO,

Scheme 2. Synthesis of SiO,-supported Imidazole-based Ag catalyst

(2) Catalytic reactions through multiple site activation of substrate using bifunctional
catalyst

The activity of bifunctional-catalyst for multicomponent one pot reactions were tested
by reacting with different substrates such as propargyl alcohols and amines with CO,.
With these bifunctional catalysts, cyclic carbonates and carbamates were prepared using
propargylic alcohols under mild reaction condition.

(1) After successful synthesis of pyridine-Silver catalyst on functionalized
hydrotalcite, the catalytic system containing ionic silver stabilized on functionalized
hydrotalcite was applied in the cyclization of propargyl amines with CO, forming a wide
variety of Oxazolidinone derivatives in atmospheric CO, and room temperature (Scheme 3).
The catalyst prepared was quite stable, versatile and could be stored without the need
of protective atmosphere.
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Scheme 3. Ag@HT catalyzed cyclization of propargyl amines

(2) The silica-supported bifunctional heterogenous catalytic system based on
imidazolinium salt (Im’X @Si0,) as an activator was found to activate both Ag-catalyst
and substrate for carboxylative cyclization reaction of alcohols by efficient utilization
of C0O,. Our catalytic system not only performed very well for the two-component reaction
of propargyl alcohols/amines with CO,, but also three-component reaction of propargyl
alcohols, CO, and other alcohols/amines with excellent yields of the corresponding
carbonates and carbamates under mild reaction condition (scheme 4). This system secures
the advantages of both homogeneous and heterogeneous catalysis of ammonium salts with
good activity, easy isolation of the product and recovery of the catalyst.
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Scheme 4. Catalytic application of Ag-ImX@HT for synthesis of carbonates and carbamates
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