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Catalytic Allylation of Ketones Using Unactivated Alkenes ('Graduate School of
Pharmaceutical Sciences, The University of Tokyo, Japan,*JST PRESTO, Japan) oSuguru
Arii,! Hongyu Chen,' Harunobu Mitsunuma,'> Motomu Kanai'

Tertiary homoallylic alcohols are prevalent in pharmaceuticals and natural products. Their
stereoselective synthesis necessitates the development of efficient methods. The nucleophilic
addition of allyl metal species to ketones is a common approach, albeit requiring the
preparation of allyl metal precursors and generating stoichiometric metal salt by-products. A
solution to these problems is the catalytic allylation of ketones using C-H bond activation of
simple alkenes, which are abundant as petroleum resources. Our group reported allylation of
aldehydes with simple alkenes using a three-component catalyst system consisting of a
photoredox catalyst, a thiophosphoric imide (TPI) hydrogen atom transfer catalyst, and a
chromium catalyst. Through the combination of TPI, N-heteroaromatic ring acid/base pair
catalysts, and chromium catalyst, we have identified the catalytic generation of a highly
nucleophilic allylchromium species from simple alkenes. This species facilitates a branch-
selective allylation of ketones under 390 nm LED irradiation, achieving high yield.

Keywords : photocatalyst, ketone; HAT catalyst; C-H activation; chromium
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1) Tanabe, S.; Mitsunuma, H.; Kanai, M.; J. Am. Chem. Soc. 2020, 142, 12374.
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Photoredox-catalyzed borylation of polyfluoroarenes using radical approach ('Graduate
School of Engineering, Nagoya Institute of Technology, *Institute of Organic Chemistry, RWTH
Aachen University) O Naoki Yasukawa,! Rio Kawamura,! Daniele Leonori,> Shuichi
Nakamura'

Polyfluoroarenes ae useful as chemical motifs for various functional materials. Therefore,
the development of borylation method of polyfluoroarenes has been desired to gain a foothold
for further chemical transformation. Transition metal-catalyzed borylation has been widely-
explored, however, C-F borylation still remains challenging due to the robustness of the C-F
bond. As an alternative strategy, photoredox-catalyzed reaction of polyfluoroarenes and boryl
radicals has emerged. Recently, we developed photoredox-catalyzed radical borylation using
bora-carboxylic acid as a boryl radical precursor.? Herein, our ongoing interest was extended
to the radical borylation of polyfluoroarenes based on our previous method.

As the result of the optimization, we found polyfluoroarenes can efficiently react with bora-
carboxylic acid in the presence of photoredox catalyst and base under the blue LEDs irradiation
conditions, affording borylated-products in good to excellent yields. Also, the obtained product
can be converted to more valuable molecules by Suzuki-Miyaura cross coupling.

Keywords : borylation; polyfluoroarene; photoredox catalyst; boryl radical; Suzuki-Miyaura
cross-coupling
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1) N. Yasukawa, D. Leonori et al., manuscript in preparation.
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Formation and Photochemical Characteristics of Hydrogen-Bonded Supramolecules of Saddle-
Distorted Porphyrins Bearing Nucleobase Moieties (Graduate School of Pure and Applied
Sciences, University of Tsukuba) OHiro Tanaka, Tomoya Ishizuka, Hiroaki Kotani, Takahiko
Kojima

Diprotonated and saddle-distorted dodecaphenylporphyrin (HsDPP?*) functions as an electron
acceptor' and metal complexes of DPP>~ (MDPP) work as electron donors.? Thus, combining
H4DPP?*" and MDPP can afford a unique photofunctional donor-acceptor system. In this work,
we have introduced uracil (U) or guanine (G) moieties to HsDPP>* and adenine (A) or cytosine
(C) moieties to Sn'V(DPP)Cl, at the p-position of one of the meso-aryl groups. We also have
prepared supramolecules by integrating the HsDPP?" derivatives and the Sn'V complexes of the
DPP derivatives based on complementary hydrogen bonding (A-U and G-C pair). Among those,
the association constant of the A-U pair was determined to be (8 + 2) x 10> M! in CDCls. In
this presentation, we will report the formation of supramolecules and photoinduced electron
transfer from the [Sn!Y(DPP)]** moiety to the HsDPP*" moiety in the supramolecules.

Keywords : Porphyrin; Photoinduced Electron Transfer; Hydrogen Bond; Supramolecule;

Nucleobase
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1) S. Fukuzum1 and co-workers, J. Am. Chem. Soc. 2009, 131, 577. 2) S. Fukuzumi and co-
workers, Chem. Eur. J. 2010, 16, 3646.
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Generation of Aryl Radicals via Decarboxylation from Aromatic Carboxylic Acids and Their
Addition to Alkenes Using Photoredox Catalysts (Graduate School of Engineering, University

of Fukui) ODaisuke Suzuki, Yasuharu Yoshimi

We reported the generation of aryl radicals from benzoic acids by photoinduced reactions using
two-molecule photoredox catalysts. This reaction did not require the use of toxic reagents or
transition metals, but it required mild heating at 30°C. In this presentation, we will describe the
generation of aryl radicals via decarboxylation from aromatic carboxylic acids at room
temperature and their addition to electron acceptor alkenes.

Keywords : Photoredox Reaction,; Aromatic Carboxylic Acids; Aryl Radicals
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I BB L Upino Tz, k& T 5B/ R A VR VBRICOW T b ET L 720 TR T
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hv (405 nm), 6 h, r.t.

| Ny C02H BP (5 mM), DCA (5 mM) N CN
7 + ZOCN KOH (20 mM) |

R 2 (100 mM =9: R*X

1t (20 mM) (100 mMM)  CH,CN/H,0=9: 1 3af
Table 1
O Qe 0 oy
3a;71%  3d;25%, 64 %2 3c:40 %, 89 %2 3d; 46 %, 79 % 3e;76 %

3f; 87 %

3rradiation time is 24 h.

1) S.Kubosaki, et. al., J. Org. Chem. 2020, 85, 5362-5369.
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Intramolecular photocycloaddition reactions of 2-cyanonaphthalene derivatives having an
oxaalkenyl group at 4-position (Graduate School of Natural Science and Technology,
Kanazawa University) OShinya Tamaki, Hajime Maeda

Photocycloaddition reactions between arenes and unsaturated bonds are often used to
synthesize polycyclic compounds. Among them, intramolecular photocycloadditions of 2-
cyanonaphthalene derivatives have been less reported. In this study, we investigated
photoreactions of 2-cyanonaphthalene derivatives 1 having an oxaalkenyl group at the 4-
position and aimed to synthesize new polycyclic compounds.

Photoirradiation (> 280 nm) of a benzene solutions of 1a-d gave [2+2] photocycloadducts
at 3,4-positions afforded compounds 2a-d as the main products. UV-vis absorption spectra of
la-d in CH,Cl, showed that 1a-d have similar absorption bands with that of a reference
compound, 2-cyano-4-methylnaphthalene. This result indicates that the cyanonaphthalene
moiety is excited in this reaction. In the fluorescence spectra of 1a-d, the monomer emission
of cyanonaphthalene was quenched intramolecularly. From these results, it is considered that
the photoreaction proceeds via intramolecular singlet exciplexes after the excitation of the
cyanonaphthalene moiety.

Keywords : Photoreaction, Photocycloaddition; Exciplex; Naphthalene,; Polycyclic Compound
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cN hv 1 CN]|*
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> /~>-CN
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rt, 24 h Czj

C

1a (R = H), 1b (R = CI), intramolecular 2a (78%), 2b (80%),
1c (R= Me)1d(R OMe) singlet exciplex 2c (47%), 2d (62%)
(crude yield)

1) #iZ %, KB —Z, AEEHRILTEHEEE, 2018, 76, 241-254.
2) Maeda, H.; Kubo, Y.; Nakashima, R.; Mizuno, K.; Furuyama, T.; Segi, M. Eur. J. Org. Chem. 2022,

€202201051.
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Intramolecular HAT Reactions Using Carboxy Radicals Generated by Photoreactions of
Benzoic Acids (Graduate School of Engineering, University of Fukui) OXKeitaro Nagasaki,
Yasuharu Yoshimi

Recently, we reported the generation of carboxy radicals from benzoic acids by photoredox
catalysts with visible light irradiation, followed by the generation of aryl radicals via
decarboxylation. In this presentation, we served carboxy radicals in photoredox catalysis as
intramolecular HAT reagent. Photoinduced electron transfer generates the radical cation of BP
and the radical anion of DCA, and the radical cation of BP can oxidize the carboxylate ion of
benzoic acid to form the corresponding carboxy radical. This carboxy radical intramolecularly
abstracts the hydrogen atom to furnish the adduct with the electron deficient alkene.
Keywords : Photoredox Reaction; Hydrogen Atom Transfer Reaction; Benzoic Acid; Carboxy
Radical
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INZAFNERAT L L., 6 & 80%DILR T2, Z DKINIIIT D&Mt 21T-
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1) S. Kubosaki, H. Takeuchi, Y. Iwata, Y. Tanaka, K. Osaka, M. Yamawaki, T. Morita, Y. Yoshimi, J. Org.
Chem. 2020, 85, 5362 —5369.

© The Chemical Society of Japan -E1132-1am-06 -



E1132-1am-07 AAL2a B1045SE2 (2024)

ERBHEARZAVETREEZILY ORI RAEEFHE E FO7 S
JE RIS DB FE

(FORBE T - RITRBEEE 2 « JIST S X237 3) ORIl AREE T - JEFEE AR ! - e 45! -
PSR T - ST SERK 123 - IERE AT !

Visible-Light-Driven Hydroacylation of Unactivated Alkenes Using Charge Transfer Complex
('Graduate School of Engineering, Osaka University, *Graduate school of sciences, Tokyo
Institute of Technology, 3JST PRESTO) ONayu Kageyama,' Taito Watanabe,' Yutaka Saga,'
Tetsuya Kambe,! Mio Kondo,!** Shigeyuki Masaoka,'

Photochemical reactions using charge transfer (CT) complexes are powerful transformations for
expanding the potential of synthetic organic chemistry because active radical species can be
generated under metal-free and mild conditions. In this study, we report the formation of a CT
complex using an acyl source developed in our laboratory as an electron donor. Moreover, we
achieve the first example of hydroacylation of unactivated alkenes using the CT complex as a
catalyst under metal-free and green-light irradiation (525 nm) conditions.

Keywords : Charge transfer (CT) complexes;, Metal Free; Visible-Light-Driven Radical
Synthetic Chemistry, Hydroacylation
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1) For a review on EDA complexes: P. Melchiorre ef al., J. Am. Chem. Soc. 2020, 142, 5461—5476.
2) Y. Saga, Y. Nakayama, T. Watanabe, M. Kondo, S. Masaoka, Org. Lett. 2023, 25, 1136.
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Development of transfer-learning methods among distinct photoreactions (!Grad. Sch. Sci.,
Nagoya Univ. 2IRCCS, Nagoya Univ., *0rg.-Chem. Ins., Univ. Mlnster, *Grad. Sch. Med.,
Kyoto Univ,, *ITbM, Nagoya Univ.) ORyuga Kunisada,'! Naoki Noto,”> Tabea Rohlfs,* Ryosuke
Kojima,* Olga Garcia Manchefio,® Takeshi Yanai,'> Susumu Saito'-?

Proficient organic chemists have demonstrated an ability to predict suitable catalysts for
newly explored catalytic reactions based on their past experiences with other reactions. Since
it seems interesting to replicate this significant capacity of research experts through machine
learning, we have developed a domain-adaptation (DA)-based transfer-learning method for
sharing knowledge among diverse photocatalytic reactions. Specifically, we succeeded in
improving the predictive performance for the catalytic activity of organic photosensitizers in a
[2+2] cycloaddition reaction by transferring knowledge from a database derived from various
nickel/photocatalytic cross-coupling reactions.

Keywords : Machine learning, Photosensitizer, Energy transfer, Domain adaptation (DA)
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1) Studies of machine learning for organic photosensitizers: a) X. Li, P. M. Maffettone, Y. Che,
T. Liu, L. Chen, A. 1. Cooper, Chem. Sci. 2021, 12, 10742. b) N. Noto, A. Yada, T. Yanai, S.
Saito, Angew. Chem. Int. Ed. 2023, 62, €202219107. 2) Manuscript in preparation.
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Carbon-Carbon Bond Formation through a-Position C—H Bond Activation of Thioanisole
under Visible Light Irradiation (' Department of Science and Engineering, Doshisha University,
*Graduate School of Science and Engineering, Doshisha University) O Kazuki Ujii, Tomohiro
Nishida, Roy Kanti Pijush, Masahito Kodera, Yutaka Hitomi

A plethora of studies have documented bond formation reactions initiated by charge-
separated states, which arise from photoirradiation of charge-transfer absorption bands in
Electron Donor-Acceptor (EDA) complexes constituted by electron-rich donorand electron-
deficient acceptor molecules [1]. In our work, we report the formation of carbon-carbon bonds
via the generation of a-thioalkyl radicals induced by blue-light irradiation of EDA complexes
formed betweenthioanisoleandelectron-deficientalkenes[2]. Additionally, under the presence
of titanium dioxide and employing maleimide derivatives as electron-deficient alkenes, we
have observed that irradiation with blue light facilitates the progression of two distinct carbon-
carbon bond formations [3]. This study presents the effects of adding N-hydroxyphthalimide
derivatives on these reactions.

Keywords: Photochemistry, Thioanisole, Titanium dioxide,
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1) G. E. M. Crisenza, D. Mazzarella, P. Melchiorre, J. Am. Chem. Soc. 2020, 142, 5461.
2) P. K. Roy, Y. Hitomi, Asian J. Org. Chem. 2023, 12, ¢202300378.

3) P. K. Roy, S. Okunaka, H. Tokudome, Y. Hitom, Adv. Synth. Catal. 2023, 365, 4556.
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Photoinduced Decarboxylation of Carboxylic Acids Using a New Type of Two-molecule
Photoredox Catalysts (Graduate School of Engineering, University of Fukui) OKiyomitsu
Hirai, Yasuharu Yoshimi

The use of photoredox catalysts has gamered attention in recent years due to its ability to
facilitate a wide range of functional group transformations under mild conditions. In our
laboratory, we have reported the photoinduced decarboxylation of carboxylic acids using a two-
molecule photoredox system, resulting in the generation of radicals, followed by addition to
alkenes. In this study, we investigated the use of new type of visible-light photoredox catalysts
based on anthracene and chrysene derivatives in the two-molecule photoredox system.
Keywords : Two-Molecule Photoredox Catalyst; Photoinduced Decarboxylation
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1) Y. Tajimi, et. al., J. Org. Chem., 2022, 87, 7405—7413.
2) Y. Yoshimi, Rec. Chem., 2023, €202300326.
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Development of a Visible Light-driven Photocatalytic Reaction for the Synthesis of N-
Formamides Solely from Secondary Amines and Air ('Kyushu University, *Graduate School of
Engineering, Kyushu University) O Mayu Yuasa,' Keita Shichijo,” Yui Nakashima,®> Yu
Hoshino,? Hisashi Shimakoshi®

N-Formamides are valuable compounds used as reagents and catalysts in organic synthesis.
Existing synthetic methods typically require formylating reagents or C; sources, along with
strong bases or high temperature conditions. In this study, we propose a new, simple method
for the synthesis of N-formamides using only secondary amines and oxygen in air as the starting
system. A visible light-driven photocatalyst, metal ion-modified titanium dioxide, is employed
as a catalyst to achieve N-formylation of secondary amines under mild conditions.

Keywords : Titanium dioxide,; Secondary amine; Formylation; Visible light
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Fig. 1 Visible light-driven N-formylation of dibutylamine with M""/TiO; in air.
(1) W. Li; X. F. Wu, Chem. Eur. J., 2015, 21, 14943-14948.

(2) C. Zhang; Z. Xu; T. Shen; G. Wu; L. Zhang; N. Jiao, Org. Lett., 2012, 14, 2362-2365.
(3) K. Shichijo; H. Shimakoshi, J. Photochem. Photobiol., 2023, 14, 100170.
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Development of catalytic chemo-selective decarboxylation of aspartic acid. ('Graduate School of
Pharmaceutical Sciences, The University of Tokyo, *Graduate School of Pharmaceutical Sciences,
Chiba University, >JST PRESTO) OTakeshi Inoue', Kenzo Yamatsugu?, Harunobu Mitsunuma'>3,
Motomu Kanai'

Small molecular catalyst systems that artificially modify proteins are promising not only as
biochemical tools but also as new therapeutic strategies’. In this study, we are focusing on the
decarboxylation reaction of aspartic acid side chain to convert it into other residues such as
alanine. Utilizing PCET (proton-coupled electron transfer) mechanism, we successfully
developed a small molecular catalyst for the chemo-selective decarboxylation of aspartic aid
side chain under a light irradiation. Investigations of reactions under buffer conditions using
peptides and proteins as substrates are ongoing. Keywords : Photocatalyst; Chemo-selectivity,
Decarboxylation reaction; Aspartic acid; Proton-coupled electron transfer
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1) Kanai, M.; Takeuchi, Y. Tetrahedron 2023, 131, 155.
2) Xuan, J. et al. Angew. Chem. Int. Ed. 2015, 54, 15632.
3) Bloom, S. et al. Nat. Chem. 2018, 10, 205.
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Additive Effects on Carbon-Carbon Bond Formation Using a-Position C-H Bond Activation

of Thioanisole under Visible Light Irradiation (!Department of Science and Engineering,
Doshisha University, >*Graduate School of Science and Engineering, Doshisha University) O
Koudai Takuma, Daiki Fukushima, Pijush Roy Kanti, Masahito Kodera, Yutaka Hitomi

Numerous studies have reported bond-formation reactions initiated by charge-separated
states generated upon illumination of Electron Donor-Acceptor (EDA) complexes formed
between electron-rich donor molecules and electron-deficient acceptor molecules [1]. In our
research, we have demonstrated the formation of carbon-carbon bonds through the generation
of a-thioalkyl radicals induced by blue light irradiation of EDA complexes formed between
thioanisole and electron-deficient alkenes [2]. Furthermore, in the presence of titanium dioxide
and using maleimide derivatives as electron-deficient alkenes, we have shown that the
irradiation with blue light promotes the formation of two carbon—carbon bonds [3]. This study
reports on the effects of lithium chloride addition in these reactions.

Keywords: Photochemistry, Thioanisole, Titanium dioxide,
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