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This research project was aimed at the development of electro-organic reactions utilizing
electrogenerated chemical species produced by redox reactions on electrode surfaces. Since
electrogenerated species are highly reactive, they can even convert inert (stable) molecules, which
are considered difficult in general organic synthesis. From this viewpoint, | focused on a
straightforward oxidation reaction of aromatic hydrocarbons such as toluene, xylene, and cumene.
Cumene was chosen as a substrate, because oxidation reactions of cumene have been
extensively investigated in various reaction systems. Cumene hydroperoxide obtained by oxidation
of cumene, is converted to phenol and acetone via hydrolysis reactions under acidic conditions (i.e.
steps 2 and 3 of the cumene method). Since the current industrial processes require catalysts and
relatively harsh conditions, development of a sustainability process is challenging. On the other
hand, electro-organic reactions utilizing electrogenerated chemical species do not require a
catalyst and proceed sufficiently even under ambient temperature and pressure. As a result of the
systematic investigation of reaction parameters such as solvent, supporting electrolyte, applied
current density, amount of charge, and electrode material, the reaction proceeded well when
diamond electrodes were used, and acetophenone was obtained as the main product. By tracing
the time course of reaction, acetophenone was converted from cumene hydroperoxide. The
mechanism of the reaction was postulated to be the addition of superoxide formed by one-electron
reduction of oxygen on the diamond cathode to the cationic species formed by the two-electron
oxidation of cumene on the diamond anode. Furthermore, when cumene was oxidized in the same
manner using a flow cell instead of a batch cell, the isolated yield of cumene hydroperoxide
increased. | am currently investigating reaction conditions where cumene hydroperoxide can be
obtained as the main product.
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Electro—Organic Synthesis Utilizing Electrogenerated Species

1. HIREBRFROBE
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2. HIRERRAEEOBE (GER)

This research project was aimed at the development of electro—organic reactions utilizing electrogenerated chemical species
produced by redox reactions on electrode surfaces. Since electrogenerated species are highly reactive, they can even convert inert
(stable) molecules, which are considered difficult in general organic synthesis. From this viewpoint, I focused on a straightforward
oxidation reaction of aromatic hydrocarbons such as toluene, xylene, and cumene.

Cumene was chosen as a substrate, because oxidation reactions of cumene have been extensively investigated in various reaction
systems. Cumene hydroperoxide obtained by oxidation of cumene, is converted to phenol and acetone via hydrolysis reactions under
acidic conditions (i.e. steps 2 and 3 of the cumene method). Since the current industrial processes require catalysts and relatively
harsh conditions, development of a sustainability process is challenging. On the other hand, electro—organic reactions utilizing
electrogenerated chemical species do not require a catalyst and proceed sufficiently even under ambient temperature and pressure.
As a result of the systematic investigation of reaction parameters such as solvent, supporting electrolyte, applied current density,
amount of charge, and electrode material, the reaction proceeded well when diamond electrodes were used, and acetophenone was
obtained as the main product. By tracing the time course of reaction, acetophenone was converted from cumene hydroperoxide. The
mechanism of the reaction was postulated to be the addition of superoxide formed by one—electron reduction of oxygen on the
diamond cathode to the cationic species formed by the two—electron oxidation of cumene on the diamond anode. Furthermore, when
cumene was oxidized in the same manner using a flow cell instead of a batch cell, the isolated yield of cumene hydroperoxide
increased. I am currently investigating reaction conditions where cumene hydroperoxide can be obtained as the main product.
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