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Electron-Catalyzed Cross-Coupling Reaction of Arylzinc Reagents with Diaryl Sulfides
Accelerated by Photoirradiation (!School of Biological and Environmental Sciences, Kwansei
Gakuin University, >)CREST, JST) OTakumi Ariyada,' Kyohei Yonekura,' Eiji Shirakawa'-

Aryl halides have been mainly used as aryl electrophiles in the electron-catalyzed cross-
coupling reaction with arylmetals to give biaryls, where the cross-coupling reaction of arylzinc
reagents is accelerated by photoirradiation. Here we report that diaryl sulfides are applicable
as aryl electrophiles in the electron-catalyzed cross-coupling reaction accelerated by
photoirradiation.

Keywords: Radical Mechanism; Biaryls;, The Negishi Coupling; Diaryl Sulfides; Electron
Catalysis
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1) E. Shirakawa, Y. Ota, K. Yonekura, K. Okura, S. Mizusawa, S. K. Sarkar, M. Abe, Sci. Adv. 2023, 9, eadh3544.
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Photo-Induced a-Aminoalkylation of Sulfonylheteroarenes with Amines and Aldehydes
(!School of Biological and Environmental Sciences, Kwansei Gakuin University, >CREST,
JST) OMizuki Noda,' Kohei Aoki,! Kyohei Yonekura,' Eiji Shirakawa'+

The reductive a-aminoalkylation of sulfonylheteroarenes with amines and aldehydes was
found to proceed under photoirradiation. The reaction is considered to be initiated by photo-
induced electron transfer within an electron donor—acceptor complex of a sulfonylheteroarene
with an enamine, which is formed through dehydrative condensation of an amine with an
aldehyde.

Keywords: Radical Mechanism; Carbon—Carbon Bond Formation, EDA Complex; Three-
Component Reaction
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The coupling reaction using sequential decarboxylation of malonic acid derivatives
(Graduate School of Science and Technology, Kwansei Gakuin University) O Ting Lin,
Takuya Kurahashi

Decarboxylative coupling of carboxylic acids has previously been achieved through
cooperative catalysis using a photocatalyst and a Ni catalyst under visible light. However,
coupling reactions utilizing malonic acid derivatives have not yet been reported. Specifically,
there are no reported examples of C—C bond formation by applying radicals generated from
malonic acid derivatives. In this study, we investigated a decarboxylative coupling reaction of
aryl halides with malonic acid derivatives through sequential decarboxylation under mild
conditions, using a photocatalyst and a Ni catalyst as co-catalysts. In this presentation, we will
report the detailed reaction conditions and the results of coupling reactions with various types
of aryl halides.

Keywords : Radical reaction; Photoredox catalyst; Ni catalyst
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1) N. Adam, S.J. McCarver, D. W. C. MacMillan, J. Am. Chem. Soc. 2015, 137, 624—627.

2) Z. Zuo, D. Ahneman, L. Chu, J. Terrett, A. Doyle, D. W. C. MacMillan, Science. 2014, 345, 437-440.
3) Jeremy D. Griffin, Mary A. Zeller, and David A. Nicewicz, J. Am. Chem. Soc. 2015, 137,
11340-11348
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Dehalogenation of Aryl Halides by 9-Fluorenol Catalysis (Graduate School of Engineering,
Kyoto University) OShigeto Koike, Myuto Kashihara, Yoshiaki Nakao

Organocatalysts are generally advantageous compared to transition metal catalysts in respect
to cost, toxicity, and ease of handling. Despite their applications in environmentally friendly
processes, however, there are only limited reports of organocatalysts involved in reversible
electron transfer steps, especially in reductive transformations.” Our research group has
previously demonstrated the catalytic reducing activity of simple 9-fluorenol in radical
generation from nitroalkanes.? In this study, we have discovered that photoexcitation of the
active species derived from 9-fluorenol significantly enhances the reducing power, enabling
reductive dehalogenation of less reactive chloroarenes. Under blue light irradiation (440 nm),
the reaction of p-chloroanisole with 9-fluorenol (10 mol%) and cesium carbonate (2.5 eq.) in a
mixed solvent of isopropyl alcohol and DMSO at 80 °C afforded the dehalogenated product
anisole in 90% GC yield.

Keywords: 9-Fluorenol; Photoredox Catalyst;, Visible Light; Single-Electron Reductant;
Dehalogenation
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1) S.Rohrbach, R. S. Shah, T. Tuttle, J. A. Murphy, Angew. Chem. Int. Ed. 2019, 58, 11454,
2) M. Kashihara, K. Kosaka, N. Matsushita, S. Notsu, A. Osawa, Y. Nakao, Synlett 2023, 34, 1482.
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The development of carbazol-3-olate photosensitizers with
extended wavelength and enhanced reducing ability

(!Graduate School of Science, Kobe University, *Graduate School of Informatics, Nagoya
University) O Kuang Huilong,' Xie Weibin,' Yabuta Tatsushi,' Fuki Masaaki,' Higashi
Masahiro,? Kobori Yasuhiro,! Sakai Nozomi,' Akimoto Seiji,! Hayashi Masahiko,! Matsubara
Ryosuke!

Keywords: Organic photosensitizer; Long absorption wavelength; Potent reducing ability;
Hydrodefluorination; Birch-type reductions.

Organic photosensitizers, as a novel material with promising potential for photonic energy
conversion, have garnered significant attention due to their low toxicity, cost-effectiveness, and
easy accessibility. Despite the rapid advancement of organic photosensitizers, developing
photosensitizers with extended wavelengths and robust reducing ability remains a challenge.
In recent years, many studies have reported the use of photosensitizers to facilitate
hydrodehalogenation through single-electron transfer (SET) under visible light. However, the
utilization in hydrodefluorination and Birch reduction reactions, which necessitate an
extremely low reducing potential, remains a formidable challenge. These reactions typically
rely on highly reactive alkali metals under stringent conditions. Melchiorre group developed a
multifunctional, readily accessible indole thiolate that serves multiple purposes, including
hydrodefluorination, Birch reduction, borylation, and phosphorylation. Nevertheless, it is still
constrained by the difficulty of preparation and the relatively lower visible absorption
wavelength.

In this work, we developed a novel photosensitizer carbazol-3-olate by replacing one of
methoxy groups of 3,6-dimethoxy-9-phenyl-carbazole with oxygen anion. Compared to
conventional non-anionic carbazole photosensitizers, the oxygen-anion containing
photosensitizer exhibits a longer absorption wavelength, improved reducing ability, and
prolonged fluorescence lifetime. The carbazole-3-olate photosensitizer can efficiently catalyze
inert hydrofluorination and Birch reduction reactions under 440 nm visible light with catalyst
equivalent of 2 mol% and 5 mol%, respectively. In addition, we also investigated the reaction
mechanism of hydrofluorination and Birch reduction reactions. Fluorescence quenching
experiments demonstrated that electron was transferred from carbazole-3-olate to 4-
fluoroanisole and naphthalene under 440 nm illumination, confirming single-electron transfer

(SET) mechanism.
H
carbazol-3-olate HH
- F AN reductant S |
RT or R - RTT or R
P = hv (440 nm) Pz
H H H

1) Wu, S.; Schiel, F.; Melchiorre, P. Angew. Chem. Int. Ed. 2023, 135, ¢202306364.
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Generation of Methyl Radical via Photoinduced Deboronation and Decarboxylation by Using
Two-Molecule Photocatalyst (Graduate School of Engineering, University of Fukui) ORyoga
Hashimoto, Yasuharu Yoshimi

Methyl radical is useful reactive intermediate that introduce methyl group. However, methyl
radical has higher reactivity than that of alkyl radicals because methyl radical is not stabilized
by hyper-conjugation. The generation of methyl radical typically requires both stoichiometric
amounts of sensitive substrates and toxic transition metals, such as peroxyacetic acid, Ni, and
Fe. In this presentation, I will report the mild generation of methyl radical via photoiduced
deboronation and decarboxylation by using two-molecule photoredox catalyst. The advantage
of this method is using inexpensive photocatalysts and readily available substrates.

Keywords : Methyl Radical; Two-Molecule Photoredox System
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1) Y. Tajimi, Y. Nachi, R. Inada, R. Hashimoto, M. Yamawaki, K. Ohkubo, T. Morita, Y. Yoshimi, J. Org.
Chem., 2022, 87, 7405-7413.
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Sequential Hydrolysis and Photoinduced Decarboxylation of Benzoic Acid Esters (Graduate
School of Engineering, University of Fukui) OYukina Suzuki, Yasuharu Yoshimi

Previously, we reported the photoinduced decarboxylation of benzoic acid by UV and visible
light irradiation using two-molecule photoredox catalysts such as biphenyl (BP) and 9,10-
dicyanoanthracene (DCA). Generated aryl radicals added to alkenes to furnish adduct in high
yields. In addition, the sequential hydrolysis and photoinduced decarboxylation of aliphatic
carboxylic acid esters was successful. I will describe the one-pot hydrolysis and photoinduced
decarboxylation from benzoic acid esters to generate aryl radicals under strongly basic
conditions .

Keywords : Two-Molecule system; Photoredox Reaction; Benzoic Acid Esters
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1) S. Kubosaki, et. al., J. Org. Chem. 2020, 85, 5362-53609.
2) H. Saito, et. al., Tetrahedron Lett. 2015, 56, 1645—1648.
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Effects of Electron Donor and Base in Photoinduced Decarboxylation of Aliphatic Carboxylic
Acids (Graduate School of Engineering, University of Fukui) OKawabata Yuki, Yoshimi
Yasuharu

We have successfully generated radicals through the photoinduced decarboxylation of
carboxylic acids in two molecules photoredox system combination between an electron donor
(ED) and an electron acceptor (EA). However, the reactivity with different EDs has not been
elucidated in the photoinduced decarboxylation of carboxylic acids. Therefore, we investigated
the influence of EDs and counter cations on photodecarboxylation of aliphatic carboxylic acids
to estimate the oxidation potential of aliphatic carboxylate ions.

Keywords : Photoinduced Decarboxylation,; Aliphatic Carboxylic Acids; Electron Donor
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1) Y. Yoshimi, Chem. Rec., 2024, 24, €202300326.
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