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In this research, we focused on the development of anionic transition metal species and their catalytic
activity toward new transformations. The achievements are briefly summarized as below.

Oxidative dimerization of 1,3-butadiene on zero valent group 10 metal complexes is one of the most
important elemental processes in industry. Although thus formed bis(allyl)metal complexes react with
nucleophiles at the own allyl ligand, the trapping of the allyl ligand by carbon electrophiles has not been
achieved so far. We assumed that the formation of the corresponding anionic complexes by the reaction of the
neutral complexes with Grignard reagents may enable such umpolung process. Indeed, when alkyl fluorides,
aryl Grignard reagents and 1,3-butadiene were treated with a nickel catalyst, 1,6-octadiene bearing alkyl and
aryl groups at 3- and 8-positions was formed as the sole regioisomer in good to excellent yields. In addition,
perfluoroarenes could be applicable to the transformation as carbon electrophile to give the corresponding
multicomponent coupling products. This is the first example of catalytic multicomponent coupling reaction of
perfluoroarenes.

We successfully isolated the assumed anionic nickel complex by the reaction of Ni(0) complex with an
aryllithium reagent in the presence of 1,3-butadiene and determined its structure by X-ray crystallography.

We developed iron-catalyzed cross-coupling reaction of vinylic ethers with aryl Grignard reagents through
C-0O bond cleavage. Although Ni- and Ru-catalyzed cross-coupling reaction of ethers via C-O bond cleavage
requires harsh reaction conditions, the present Fe catalysis smoothly cleaves C-O bond even at room
temperature. Mechanistic study strongly suggested that anionic aryl iron species play important role in the
catalytic cycle.

As described above, we developed new transformations of unreactive chemical bonds such as C-F and
C-0O bonds, where anionic transition metal complexes play important role to cleave these bonds. These results
provide useful knowledge’s to design new catalytic systems involving challenging transformations.




