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Heterogeneous catalysts have great advantages over homogeneous catalysts due
to their reusability, applicability to continuous-flow reactions, and reducing wastes
significantly. Nitrogen-doped carbon (NDC) is an attractive support for metal
nanoparticles or single-atom catalysts to stabilize metal species by strong metal-
nitrogen interactions.” We have recently developed nitrogen-doped carbon
incarcerated metal nanoparticle catalysts (NCI-M) prepared from poly(4-vinylpyridine)
through a polymer-incarceration method for not only redox reactions but also
carbon—carbon bond-forming reactions including asymmetric reactions.?

Organometallic reagents hold a special place in organic synthesis because they
have widespread synthetic applications based on carbon—carbon bond formation.
However, in conventional methods, stoichiometric amounts of metal reagents are
required in such transformations and large amounts of metallic wastes are generated,
which have hindered applications to continuous-flow systems. Therefore, catalytic
carbon—carbon bond-forming reactions without metallic wastes are required
significantly.

We envisioned an electrochemical approach in which catalytic amounts of metals
supported on nitrogen-doped carbon-based cathode form organometallic reagents
and subsequent electroreduction after the reaction regenerates metal(0) on the
cathode. We developed
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and imines. In contrast
to conventional
allylation reactions
using organometallic reagents, the system not only minimized metal-derived waste but
also proceeded with a catalytic amount of zinc. It was also successfully applied to
electrochemical continuous-flow reactions. The detail results will be reported in this
lecture.
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