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Photoredox-Catalyzed Cyclization of Cyclopropanols with Olefins (Faculty of Pharmaceutical
Sciences and Graduate School of Pharmaceutical Sciences, Tohoku University) O Riku
Yamamoto, Kento Tsukiji, Kazuya Kanemoto,Kazuya Kanemoto, Naohiko Yoshikai

Cyclopropanols are versatile three-carbon units in organic synthesis, valued for their strain-
driven ring-opening ability, which generates reactive intermediates such as B-keto radicals and
homoenolates. Recently, the development of novel transformations involving these
intermediates, which engage not only the f-carbon but also the carbonyl carbon, has garnered
significant attention. As a new example of such transformations, we report here a photoredox-
catalyzed ring-expansion reaction between tertiary cyclopropanols and 1,1-diarylethylenes.
When irradiated with blue LEDs in the presence of an iridium photocatalyst and a base,
insertion of the olefin into the C(a)-C(B) bond of the cyclopropanol proceeds smoothly,
affording 1,2,2-trisubstituted cyclopropanols. This reaction likely proceeds via the addition of
B-keto radical to the olefin, followed by single-electron reduction of the resulting radical and
cyclization of the carbanion onto the carbonyl carbon.

Keywords : Photoredox catalysis, Radical reaction; Cyclization reaction, Cyclopropanols;
Alkenes
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Organic Photoredox-Catalyzed Distal C—H Functionalization of Alkoxyarenes (Institute for
Chemical Research, Kyoto University) O Yamato Goto and Hirohisa Ohmiya

The regioselective C—H functionalization of arenes plays an important role in synthetic
applications in material chemistry, as well as in the agrochemical and pharmaceutical industries.
To date, numerous strategies have been developed mainly involving transition metal catalysis,
providing reliable and established methods. In particular, ortho-selective functionalization near
substituents is particularly well established. On the other hand, the activation of distal C—H
bonds at the meta or para positions remains a significant challenge. Recently, we reported
meta-selective acylation of electron-rich arenes via N-heterocyclic carbene and photoredox
cooperative catalysis". In this study, we have developed a distal C—H functionalization of
electron-rich arenes such as alkoxyarenes using different coupling partners through organic
photoredox catalysis. Our reaction features radical-radical coupling between cyclohexadienyl
radical and various persistent radical. A range of functional groups, including sp? carbon-based
groups such as alkoxycarbonyl and pyridyl, as well as heteroatom-containing groups like
sulfonyl, and alkyl groups were successfully introduced with complete regioselectivity.
Keywords : Radical; Photoredox Catalyst; Distal C—H Functionalization
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1) Goto, Y.; Sano, M.; Sumida, Y.; Ohmiya, H. Nat. Synth. 2023, 2, 1037.
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Light-Driven Carbon-Sulfur Bond Cleavage Enabling Cross-Coupling Reaction between
Organosulfur Compounds and Alkenes (ICR, Kyoto Univ.) ORyo Yanagida, Valero Gimeno
Alfonso, Sho Murakami, Hirohisa Ohmiya

We report a cross-coupling reaction between organosulfur compounds and alkenes based on
carbon—sulfur bond cleavage under visible light irradiation. In this reaction, carbon radicals
derived from organosulfur compounds under visible light irradiation react with alkenes to
afford alkenylated compounds. Organosulfur compounds could be easily synthesized from
various alkenes and thiophenols, and thus the overall process represents formal cross-coupling
reactions between two different alkenes.

Keywords : Visible Light;, Organosulfur Compound; Radical; Alkene; Sulfur
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P. Melchiorre, J. Am. Chem. Soc. 2023, 145, 25098.
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Generation of Carbon Radical through Near-Infrared Light-Excitation of Organoborate (/CR,
Kyoto Univ.) OYusuke Miyamoto, Sho Murakami, Hirohisa Ohmiya

We have designed a near-infrared light-excitable organoborate complex with aza-
dipyrromethene moiety and achieved generation of carbon radicals by near-infrared light-
excitation. The organoborate was easily prepared from alkylboronic acids or trifluoroborate
salts. In this presentation, we discussed the structural properties of our organoborate complex
through detailed spectroscopic and computational chemical analyses.

Keywords : Near-infrared light; Boron,; Radical; Radical polymerization
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Ring Expansion Reaction of Cyclic Aliphatic Amines through Spin-Center Shift (ICR, Kyoto
Univ.) OHiroki Shimono, Mayu Kusakabe, Kazunori Nagao, Hirohisa Ohmiya

We report ring expansion reactions of cyclic aliphatic amines bearing a carbonyl group at o.-
amino position. The reaction involves 1) photochemical or electrochemical single electron
reduction of a carbonyl group, 2) ring opening of the resultant ketyl radical via spin center shift,
and 3) intramolecular nucleophilic attack of a nitrogen anion to the carbonyl group recovered
by the spin center shift.

Keywords : Photoredox Catalyst;, Radical; Spin Center Shift; Ring Expansion Reaction
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Cotelomerization Reaction of Unactivated Alkenes and Electron Deficient Alkenes Using
Photoredox Catalyst and Hydrogen Halide Salts (Institute for Chemical Research, Kyoto
University) O Asuka Tonomura, Shotaro Shibutani, Kazunori Nagao, Hirohisa Ohmiya

We report a dual photoredox/cobalt catalysis that enables the cotelomerization of aliphatic
alkenes and electron-deficient alkenes using collidine hydrogen chloride salt. The dual catalysis
catalytically converts a proton and a chloride anion to a hydrogen and a chlorine radical
equivalent, respectively. The reaction process involves a radical relay mechanism consisting of
(1) hydrogen atom transfer to an aliphatic alkene, (2) radical addition of the alkyl radical to an
electron-deficient alkene, and (3) chlorine atom transfer to the prolonged radical.

Keywords : Photoredox Catalyst, Cobalt Catalyst, Radical, Alkene, Cotelomerization
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1) S. Shibutani, K. Nagao, H. Ohmiya, J. Am. Chem. Soc. 2024, 146, 4375.
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Decarboxylative Secondary Alkylation of Heteroatom Nucleophiles by A Light-Driven Triple
Catalysis (Institute for Chemical Research, Kyoto University) O Tsukasa Niikawa, Yuki
Matsuki, Kazunori Nagao, Hirohisa Ohmiya

We report a triple photoredox/cobalt/Brensted acid catalysis that enables decarboxylative
cross-coupling between alcohol nucleophiles and secondary aliphatic redox-active esters to
produce dialkyl ethers. The reaction involves an oxidative radical-polar crossover mechanism
consisting of (1) photochemical single electron reduction of an aliphatic redox-active ester and
generation of a secondary alkyl radical with release of CO,, (2) trapping of the alkyl radical
with a cobalt(I) catalyst, and (3) single electron oxidation of the alkyl cobalt(IIl) to an alkyl
cobalt(IV) followed by nucleophilic substitution.

Keywords : Photoredox Catalyst, Cobalt Catalyst, Bronsted Acid Catalyst, Radical-Polar
Crossover Reaction, Alkylation
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1) S. Shibutani, T. Kodo, M. Takeda, K. Nagao, N. Tokunaga, Y. Sasaki, H. Ohmiya, J. Am. Chem.
Soc. 2020, 142, 1211.
2) M. Nakagawa, Y. Matsuki, K. Nagao, H. Ohmiya, J. Am. Chem. Soc. 2022, 144, 7953.
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Photoinduced Three-Component Coupling Reaction of Acylsilanes, Boranes, and Styrenes :

Synthesis of Multi-Substituted Cyclopropanes (Gakushuin University) OYui Saso, Arihito
Miura, Juri Matsuda, Kazuki Suemori, Kento Ishida, Ryosuke Masuda, Hiroyuki Kusama

Carbenes have been utilized for various organic synthesis because of their unique reactivity.
Photoisomerization of acylsilanes has been known to give the siloxycarbenes. However, their
applications to the carbon-carbon bond formations have been relatively underdeveloped. We
have previously reported that the cyclopropane formation via the three-component coupling of
acylsilanes, catecholborane, and styrenes, proceeded through the reaction of photochemically-
generated siloxycarbenes with borane. Here, we found that tetrasubstituted cyclopropanes
could be prepared in good yields by tuning the structure of boronic esters. We also conducted
NMR studies and DFT calculations to clarify the reaction mechanism.

Keywords : Acylsilane; Carbene; Borane; Cyclopropanation; Photochemical Reaction
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