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We aimed to deepen our understanding of catalytic reactions and establish
the reaction design by clarifying the reaction mechanism of various hybrid catalytic systems
developed within our research project on innovative areas. To analyze the reaction mechanism, we
used the artificial force-induced reaction (AFIR) method, one of the automatic reaction path search
methods. In the case of metal-metal hybrid catalytic systems, multiple metals had the advantage of
broadening the area that interacts or activates reactants. The advantage of the metal-organic hybrid

catalytic systems is that the metal could help organocatalysts control the orientation of
reactants. For the organic-organic hybrid catalytic systems, the greater degree of freedom in the
structure of the catalysts allows for complex steric control.
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