Cyclic Carbonates from Carbon Dioxide and Alcohols:
A Density Functional Theory Study on the Reaction Mechanism.
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Alcohols, such as glycerol or propylene glycol, can react with carbon dioxide to form
cyclic carbonates and water (Scheme 1).
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Scheme 1: Cyclic carbonates from CO2 and alcohols

The reaction is equilibrium limited and can be shifted to the right by removing one of
the products from the reaction mixture. The use of chemical traps was reported in this
context. Acetonitrile, for example, can be hydrolyzed and can consume the water
formed as by-product during the reaction.1 However, the hydrolysis of acetonitrile
does not lead to an economically valuable compound and a combination of these two
consecutive reactions is not sustainable. It is envisioned that the use of a water
permeable membrane will become feasible to overcome this limitation. Membranes
are being tested while the search for better catalysts and more sustainable water
traps is ongoing.
Several kinds of catalysts, such as CeO2, MgO, and Sn-compounds were reported to
accelerate the reaction of carbon dioxide and alcohols.1,2,3 With the focus on more
effective and efficient catalysts for the carbonate formation, the presence of several
coupled, partially equilibrium-limited reactions might lead to interpretation problems.
Any tested catalyst may not only accelerate the formation of carbonates, but also the
consecutive reaction of water entrapment.

Thus, we found that zinc-compounds combined with Brønsted acids can catalyze
carbonate formation from glycerol and CO2. It is quite conceivable that this catalytic
system can also catalyze the hydrolysis of acetonitrile.
To unravel this ambiguity, we started to model likely reaction mechanisms of the
catalyzed reaction of CO2 and glycerol as well as of the hydrolysis of acetonitrile.
Since we suspected that a protic solvent, such as glycerol, will play an important role
in elementary steps comprising hydrogen transfer(s), we investigated the hydrolysis
in the gas phase and in solution with and without catalyst. The target is to disclose
the reaction mechanisms, to calculate the activation barriers for the elementary
reaction steps and to calculate free energy changes for all steps. At the end, we
intend to link the activity of the investigated catalysts to the actual reaction.
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