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Chemical Fixation of Carbon Dioxide: Synthesis of Cyclic Carbonate,
Dimethyl Carbonate, Cyclic Urea and Cyclic Urethane

Shin-ichiro Funta* and Masahiko ARAI
Div. of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, JAPAN

(Received September 24, 2004)

Chemical fixation of carbon dioxide (CO,) may be very important in the future as a solution for the problem of
increased atmospheric CO; levels. Recent developments for chemical fixation of CO to cyclic carbonate,
dimethy] carbonate (DMC), cyclic urea and cyclic urethane are reviewed. Synthesis of cyclic carbonate via CO,
addition to epoxide has been already applied on the industrial scale, but catalyst development continues. Direct
oxidative carboxylation of olefin is preferable for the synthesis of cyclic carbonate, but requires the development
of catalysts for the epoxidation step in the presence of CO,. Direct synthesis of DMC is not in practical use at
present because of the reaction equilibrium and chemical inertness of CO,. The preferred alternative is transes-
terification of ethylene carbonate and methanol for converting CO, to DMC indirectly. Moreover, combination
of this reaction with CO, addition to epoxide or reaction of ethylene glycol and urea to synthesize DMC is
promising. Application of these ideas depends on the development and optimization of catalysts and reaction
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conditions.
the structures of diamine and amino alcohol.
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Scheme 2 Cycloaddition of CO, to Epoxide
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Scheme 3 Mechanism for the Cycloaddition of CO; to Epoxide
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Scheme 4 Synthesis of Cyclic Carbonate from CO, and Glycol
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Scheme 6 A Proposed Mechanism for the One-pot Synthesis
of Styrene Carbonate from Styrene and CO, with
TBHP in the Presence of TBAB
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Scheme 8 DMC Synthesis from CO, and Dimethyl Acetal
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Table 1 One-pot Synthesis of DMC from CO,, PO and Methanol
Yield [%]
Catalyst
2 3 4 5
S-Mg-1 24 34 36 15 6
S-Mg-2 20 4 5 43 28
MgO 14 14 15 22 30

Si:Mg:Na:K=8:64:28:0.1 (Sm-1),8:6.2:0.6:0.02
(Sm-2); PO, 21 mmol; methanol, 200 mmol; catalyst, 0.5 g;
CO;, 8 MPa; 150°C; 15h. See Schemes 11 and 12 for the
products 1-5.
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Scheme 12 Methanolysis of Epoxide
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Urea conversion ([]) and selectivity for EC (@), oxazolidinone
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mmol; EG, 270 mmol; ZnO, 1.2 g; temperature 150°C; time 3 h.

Fig. 1 Effect of Reaction Pressure on the Reaction of Urea

and EG
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Scheme 14 Urea Based DMC Synthesis from CO, and
Methanol
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Scheme 15 Reaction of CO; with Diamine without Catalysts
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Scheme 19 Synthesis of Cyclic Urethane Using Urea
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