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Theoretical studies of homogeneous and enzymatic reaction mechanisms
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Enzymes catalyze many industrially challenging reactions, achieving high selectivity at
ambient temperatures and pressures. Elucidating the catalytic mechanisms is expected to lead
to the development of innovative, environmentally friendly, and highly efficient catalysts. To
understand enzyme catalysis, it is important to investigate the structure, electronic state, and
reaction mechanism of the catalytically active species in detail. Quantum chemical calculations
can reveal the structures and energies of the stable and transition states in any elementary
reaction, thus providing a useful tool for reaction analysis. As computational power increases,
quantum chemical calculations have been applied directly to large molecular systems, and the
knowledge gained from these calculations can guide experimental chemists in the design of
new catalysts.

In this presentation, we will outline the analysis of enzyme-catalyzed reaction mechanisms
using quantum chemical calculations, focusing on enzymes and homogeneous catalysts that
oxidize hydrogen and methane. Examples of catalytic reactions predicted before the
experiments will also be presented.
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