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The research presented in this thesis addresses the gold(I)-catalyzed urethane synthesis via carboxylative
cyclization of unsaturated amines as an efficient CO, fixation utilizing carbamic acid derivatives.

In Chapter 1, chemical transformations of CO, are overviewed with a focus on the utilization of carbamic
acids formed from amines and CO,. To emphasis urethane synthesis from CO, and unsaturated amines as a
kinetically favorable process, the reported synthetic methods are categorized according to the concept of
atom economy. Based on these discussion, the development of carboxylative cyclization of
propargylamines involving addition of carbamic acids to unsaturated carbon-carbon bonds is set as the
target for the catalyst design.

In Chapter 2, it was found that the carboxylative cyclization of propargylamines proceeds under mild
conditions (0.1 MPa of CO,, 40 °C) in the presence of a chlorogold(I) complex bearing an NHC ligand,
(IPr)AuCl, with a substrate/catalyst ratio of 50 in methanol. This catalytic system was applicable to a
variety of propargylamines having aliphatic internal alkynes or primary amino groups, and selectively
afforded the corresponding (£)-5-alkylidene-1,3-oxazolidin-2-ones. In addition, the high efficiency of the
gold catalyst was maintained even under a gaseous mixture with CO, H,, and so on.

In Chapter 3, various alkenylgold(I) complexes are synthesized by treatment of a hydroxogold(I)
complex, (IPr)Au(OH), with propargylamines under CO, atmosphere in THF. The isolated complexes
achieved a comparable catalyst activity with (IPr)AuCl, indicating that the alkenyl complexes are catalytic
intermediates. Comparison of the reactivity of the gold complexes toward protic reagents and kinetic
experiments corroborate a catalytic cycle that involves the nucleophilic attack of carbamate anions at the
C-C triple bond bound to the Au center and subsequent protodeauration to release the urethane products.

In Chapter 4, the related alkenylgold(I) complexes containing urethane or carbonate units were
successfully isolated analogously from (IPr)Au(OH) and unsaturated amines or alcohols under CO,. The
obtained alkenylgold(I) complexes were found to react with several electrophiles such as halogenium
equivalents to release functionalized cyclic urethanes.

In Chapter 5, the catalytic synthesis of six-membered cyclic urethanes was firstly demonstrated in
extensive experiments of the gold-catalyzed carboxylative cyclization of primary propargylamines using
acidic alcohols. By monitoring the reaction of the isolated alkenylgold(I) complex in 2,2,2-trifluoroethanol,
the formation of six-membered urethanes via ring expansion of the 1,3-oxazolidin-2-one unit on the
alkenylgold intermediate is confirmed.

In Chapter 6, the new findings are summarized, and finally experimental methods and characterization data
of new compounds are described.
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