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Recently, the -bond activation reactions by heavy main-group element compounds have been experimentally reported and analysed by theoretical studies.1) Also, the insertion reaction of the C=O double bond of ketone and carbon dioxide into the Ge-H bond (1) has been reported experimentally.2) As well known, these reactions are involved as key elementary step in many catalytic reactions by transition-metal complexes. Considering these results, one can expect that heavy main-group element compounds can be used as catalyst instead of transition metal complexes. However, the reports of full catalytic cycle by main-group element compound have been very limited except for frustrated Lewis Pair (FLA).  In this regard, recently reported transfer hydrogenation reaction of azobenzene with ammonia-borane catalysed by three-coordinate phosphorous compound (2) is of great interest.3)
     In this talk, we wish to report our recent theoretically studies of the insertion reaction of C=O double bond into the Ge-H bond 1 4) and reaction mechanism of transfer hydrogenation catalysis by three-coordinate phosphorous compound 2.5) In both studies, we tried to present theoretical prediction how to construct a full catalytic cycle by the Ge-H compound and how to improve the catalytic activity of the phosphorous compound. 
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