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Scope of Research

Our group has been carrying out innovative research on the organic synthesis by designing
catalysts and chemical reactions as well as molecules. Our current research projects include (1)
radical-mediated organocatalysis such as N-heterocyclic carbene catalysis or organophotoredox
catalysis; (2) reductive umpolung reactions; and (3) boron-based new molecules.
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Topics

A Triple Photoredox/Cobalt/Bronsted
Acid Catalysis Enabling Markovnikov
Hydroalkoxylation of Unactivated Alkenes

We demonstrate Markovnikov hydroalkoxylation of un-
activated alkenes using alcohols through a triple catalysis
consisting of photoredox, cobalt, and Brensted acid cata-
lysts under visible light irradiation. The triple catalysis
realizes three key elementary steps in a single catalytic
cycle: (1) Co(Ill) hydride generation by photochemical
reduction of Co(Il) followed by protonation, (2) metal
hydride hydrogen atom transfer (MHAT) of alkenes by
Co(IIT) hydride, and (3) oxidation of the alkyl Co(III)
complex to alkyl Co(IV). The precise control of protons
and electrons by the three catalysts allows the elimination
of strong acids and external reductants/oxidants that are
required in the conventional methods.
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Figure 1. A Triple Photoredox/Cobalt/Bronsted Acid Catalysis Enabling
Markovnikov Hydroalkoxylation of Unactivated Alkenes.

Organophotoredox-Catalyzed Semipinacol
Rearrangement via Radical-Polar Crossover

Over the past century, significant progress in semipinacol
rearrangement involving 1,2-migration of a-hydroxy car-
bocations has been made in the areas of catalysis and total
synthesis of natural products. To access the a-hydroxy
carbocation intermediate, conventional acid-mediated or
electrochemical approaches have been employed. However,
the photochemical semipinacol rearrangement has been
underdeveloped. Herein, we report the organophotoredox-
catalyzed semipinacol rearrangement via radical-polar
crossover (RPC). A phenothiazine-based organophotoredox
catalyst facilitates the generation of an a-hydroxy non-
benzylic alkyl radical followed by oxidation to the corre-
sponding carbocation, which can be exploited to undergo
the semipinacol rearrangement. As a result, the photo-

chemical approach enables decarboxylative semipinacol
rearrangement of B-hydroxycarboxylic acid derivatives
and alkylative semipinacol type rearrangement of allyl
alcohols with carbon electrophiles, producing a-quaternary
or a-tertiary carbonyls bearing sp*-rich scaffolds.
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Figure 2. Organophotoredox-catalyzed semipinacol rearrangement via
radical-polar crossover.

Organic Photoredox-Catalyzed Silyl Radical
Generation from Silylboronate

A visible-light-driven silyl radical generation method
from silylboronates has been developed. The activation of
silylboronates with a catalytic amount of mild base promoted
the single-electron oxidation process to form silyl radicals.
Facile single electron transfer for the borate form readily
occurred without hydrogen atom transfer for hydrosilane in
the presence of various photoredox catalysts. Combining
this protocol with radical-mediated N-heterocyclic carbene
catalysis enabled the acylsilylation of alkenes via a radical
relay process with silyl radical generation. Furthermore,
the recent advanced methods for the synthesis of silylboro-
nates significantly improved the utility of this silyl radical
generation process.
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Figure 3. Organic Photoredox-Catalyzed Silyl Radical Generation from
Silylboronate.
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