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Development of a catalytic method for preparation of acrylic acid salt from ethylene and CO, is a formidable challenge in
the field of CO, fixation chemistry. In this thesis, the formation of ruthenalactones from ethylene and CO, via oxidative
cyclization and its reactivity for the synthesis of acrylate derivatives were investigated in the stoichiometric reaction.
Furthermore, the catalytic carboxylation reaction of ethylene with CO, was also achieved utilizing tetradentate
phosphine-coordinated ruthenium complex.

On treatment of zerovalent, electron-rich ruthenium ethylene complex bearing bisphosphines or tetradentate phosphine
ligand with C,H4 and CO, in THF or N,N-dimethylacetamide at 60-80 °C under ambient pressure, oxidative cyclization
occurred to provide five-membered ruthenalactones for the first time. These octahedral structures were confirmed by X-ray
analysis. In contrast to the reported square-planar nickelalactones or palladalactones, the octahedral ruthenalactones
underwent thermal, reversible f-H elimination to generate the corresponding hydride acrylate complexes by simple heating
without any additives such as base or Lewis acid. Moreover, reductive liberation of acrylate salt was found to proceed on
treatment of hydride acrylate complexes with alkoxide or phenoxide bases under ethylene atmosphere along with
regeneration of ruthenium ethylene complexes as active species. These results of stoichiometric reactions showed ruthenium
complexes can undergo all the elementary steps for the catalytic synthesis of acrylate. When a DMA solution of the
ruthenium ethylene complex bearing tetradentate phosphine ligand was heated at 140 °C under ethylene/CO, pressure (3.0
MPa, 1/1) in the presence of KO'Bu, the reaction proceeded catalytically to provide potassium acrylate with a TON value of
7.5. This is the first example of catalytic synthesis of an acrylate salt from ethylene and CO, except for group 10
transition-metal catalysts.
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