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Electrooxidative Dearomatization of Phenols Using Br'/Br~ Catalysis (Graduate School of
Engineering, Nagoya University) OKai Matsui, Muhammet Uyanik, Kazuaki Ishihara

We have developed an electrochemical approach for the oxidative dearomatization of
electron-deficient phenols, using tetrabutylammonium bromide as a catalytic mediator under
aqueous biphasic conditions. This method offers a safer alternative to stoichiometric chemical
oxidants by eliminating their use while maintaining the efficiency of our previously reported
hypobromite catalysis.' Compared to direct electrolysis methods,” this approach expands the
substrate scope to include electron-deficient phenols, enabling oxidative dearomative
spirocyclization reactions. Mechanistic studies using cyclic voltammetry suggest that bromide
ions are oxidized at the anode to form bromine-based intermediates that are in equilibrium with
hypobromite species, which ultimately mediate the oxidative dearomatization reaction.
Keywords: Anodic oxidation;, Bromide; Electron-deficient phenols; Dearomatization;

Oxidative coupling
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1) Kato, T.; Sahara, N.; Akagawa, S.; Uyanik, M.; Ishihara, K.; Org. Lett. 2024, 26, 7255.
2) (a) Beigbaghlou, S. S.; Yafele, R. S.; Kalek, M. Synthesis 2023, 55, 4173. (b) Tomczyk, L.; Kalek,
M.; Chem. Eur. J. 2024, 30, €¢202303916.
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Electron-Catalyzed Cross-Coupling Reaction of Arylzinc Reagents with Aryl Chlorides
Accelerated by Cooperation of Anodic Oxidation with Photoirradiation ('School of Biological
and Environmental Sciences, Kwansei Gakuin University, *CREST, JST) OKyohei Yonekura,'
Yuki Miyake," Eiji Shirakawa'?

We have already reported that the electron-catalyzed cross-coupling reaction of arylzinc
reagents with aryl halides is accelerated by light, where aryl chlorides are not applicable. Here
we report that aryl chlorides become applicable by supply of an electron catalyst by
photoinduced electron transfer from an anion radical of the biaryl generated through anodic
oxidation of an arylzinc reagent followed by the reaction with the arylzinc reagent.

Keywords: Anodic Oxidation; Electron Catalysis;, The Negishi Coupling, Photoirradiation,
Radical Mechanism
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OSBRI L > TRESND Z E2WELTHWAY., ZZTHIL, By 7V TRD
T=F T hnea T ATV — N ~O—EFB BRI RETH 2 L CE il
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ALYV F UL (6 ¥&E) FEF 7=~ 32 A7aI R (14 YE) L
Hign (075 UE) O T U ARAZ NI L > THRE L7 7 = = VISR SUGH 2 p-7
oo kbl 35°C T 3 BFESEETHE vy 7 U7 RITIEE A S LT,
365nm DMK T THZDULERIT 10% (T8 F 572 (entries 1-2) . BE#R=E T RVC &
25 i@E (0.15 F/mol) 325 Z & CRIGHINE I, Z ZITERHZHAEHE 5
& BUGHS RIEIMEHE S UIERIT 95% (2 F Tl kL7 (entries 3-4).

nas

LiCl (6 equiv) RVC (+) Il RVC (-), 1.0 mA
PhMgBr + ZnCl, . > Ph—<: :>—
. . THF THF/DMA (1:1),35°C, 3 h

(1.4equiv)  (0.75equiv) i 39 min hv, divided cella

entry charge (F/mol) hv (nm) conv. (%) vyield (%)

1 none none 3 2
2 none 396 10 10
3 0.15 none 31 30
4 0.15 396 98 95

@ Cathodic chamber: ZnCl, (0.75 equiv) in THF/DMA (1:1).
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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Synthesis of Aspartic Anhydrides by the Use of Electrochemical Dicarboxylation of Aryl-
substituted Enamides (' Faculty of Engineering, Hokkaido University, *School of Engineering,
Hokkaido University, *Graduate School of Chemical Sciences and Engineering, Hokkaido
University) OHisanori Senboku,' Kotaro Nakamoto,? Hidetoshi Matsuno,’ Mayu Takakuwa®

We previously reported electrochemical dicarboxylation of a-(acetylamino)styrenes (aryl-
enamides) yielding aspartic acid derivatives. However, due to their solubility in water, the
produced aspartic acid derivatives could not be isolated and were only obtained as mixtures
with DMF and BuysNBF; in the yields determined by '"H NMR. Recently, we succeeded in
isolation of the product in electrochemical dicarboxylation of aryl-enamides, aspartic acid
derivatives, as their anhydrides. Electrochemical dicarboxylation of aryl-enamides using a Pt
anode and an Mg anode in DMF followed by the treatment of a crude mixture with acetic
anhydride in toluene under reflux gave the corresponding aspartic anhydride after purification
by silica gel column chromatography. This sequential two-step protocol with electrochemical
dicarboxylation of aryl-enamides followed by acid anhydride formation provided 2-
arylaspartic anhydrides having a functional group on the phenyl ring in moderate to good yields.
Keywords : Aspartic Anhydrides; Electrochemical Dicarboxylation;, Enamides;, Amino Acids;
Fixation of Carbon Dioxide
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Multifunctionalization of 1,2-Unsaturated Aldehyde Promoted by Catalytic Cathodic
Reduction ('Graduate School of Environmental, Life, Natural Science and Technology,
Okayama University) ONanaho Ueno', Mayu Fujii', Eisuke Sato', Seiji Suga'

We have previously developed the electrochemical cyanosilylation of aldehydes promoted by
catalytic cathodic reduction.' During the examination of the substrate scope, we could not
confirm the reproducibility of cyanosilylation when 1,2-unsaturated aldehyde was used as a
starting material. The isomerization of cyanohydrin trimethylsilyl ether, which gave silyl enol
ether, seems to reduce reproducibility.” Taking advantage of it, we hypothesize that the silyl
enol ether could be captured by electrophiles and nucleophiles to afford functionalized
carboxylic acid derivatives. Herein, we will report that the sequential electrochemical
cyanosilylation and isomerization proceeds by catalytic cathodic reduction, and the following
reaction of electrophiles and nucleophiles with the silyl enol ether in one-pot. The
transformation was also applied to the electrochemical flow system.

Keywords: electrochemical synthesis, 1,2-unsaturated aldehyde, trimethylsilyl cyanide, silyl
enol ether, isomerization
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1) Sato, E.; Fujii, M.; Tanaka, H.; Mitsudo, K.; Kondo, M.; Takizawa, S.; Sasai, H.; Washio,
T.; Ishikawa, K.; Suga, S. J. Org. Chem. 2021, 86, 16035-16044.
2) Kawabata, H.; Hayashi, M. Tetrahedron Lett. 2002, 43, 5645-5647.

© The Chemical Society of Japan - [F12302-4am-04 -



[F]12302-4am-05 BA{bE4 B1055SE2 (2025)

BERILFRBEFE LR S One-Pot C-O/C-S #EEHARICKHF T/
77./|:E‘A_

(FLRBEE R D ORMAT #h7& ' - ek Bt— -5 i !

Thienofuran Synthesis by One-Pot C—O/C—S Bond Formation Involving Electrochemical
Processes (!Graduate School of Environmental, Life, Natural, Science and Technology,
Okayama University) OYuka Okamura,' Koichi Mitsudo,' Seiji Suga'

Thienofurans are increasingly attracting attention as organic functional molecules that exhibit
high carrier mobility with strong luminescent properties. However, conventional synthetic
methods of thienofurans generally require multiple steps and severe reaction conditions.
Recently, organic electrochemical synthesis has attracted attention as a method for efficient
bond formation. We previously reported the electrochemical synthesis of thienoacene
derivatives by C—H/C—S bond cleavage in high yields.! We also developed an efficient method
for the synthesis of substituted benzothienobenzothiophenes by the electrochemical sequential
C-S bond formation.>

Herein, we report an efficient synthesis of thienofurans from simple substrates by one-pot C—
O/C-S bond formation involving an electrochemical process.
Keywords :thienofuran, electro-oxidation, transition metal-free, one-pot synthesis, thienoacene
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'Mitsudo, K.; Matsuo, R.; Yonezawa, T.; Mandai, H.; Suga, S. Angew. Chem., Int. Ed. 2020,
59,7803-7807. 2 &L #th, A, Ot B, BdA. AAMbTR, 551 R
bR E (K6-1m-02).
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Anodic cyclization toward monoterpene indole alkaloid skeleton (‘Graduate School of

Environmental, Life, Natural Science and Technology, Okayama University, *School of
Engineering, Okayama University) OTomohiro Nakahama,' Yuika Nomura,” Eisuke Sato,’

Seiji Suga'

Mavacurane and akuammiline alkaloids are subfamilies of monoterpene indole alkaloids
which are attractive target of total synthesis due to their unique pentacyclic skeletons and potent
bioactivities". It has been hypothesized that the biosynthesis of these indole alkaloids proceeds
by oxidative cyclization from a common intermediate?. We have developed bioinspired
cyclization reactions for these alkaloids that are facilitated by electrochemical methods.
Mavacurane and akuammiline skeletons were selectively formed from a single precursor by
changing the electrochemical reaction conditions.

Keywords : Organic Electrochemistry, Indole Alkaloid
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1) Pinar, M.; Hanaoka, M.; Hesse, M.; Schmid, H. Helv. Chim. Acta. 1971, 54, 15-43.

2) Kouklovsky, C.; Poupon, E.; Evanno, L.; Vincent, G. Synlett 2024, 35, 521-534.

3) Mitsudo, K.; Matsuo, R.; Yonezawa, T.; Inoue, H.; Mandai, H.; Suga, S. Angew. Chem., Int. Ed. 2020,
59, 7803-7807.
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Generation and reactions of benzyl triflates by anodic oxidation of toluenes (Department of
Chemistry, Faculty of Science, Hokkaido University) O Takuma Kudo, Yosuke Ashikari,
Aiichiro Nagaki

Benzyl C—H bond etherification is one of the most important reactions in organic synthesis.
However, when etherification is carried out by oxidation reactions, over-oxidation occurs
because there is no difference in the oxidation potentials of the resulting ether and the starting
material. In this study, we focused on benzyl triflate species, which are oxidation-inactive, and
worked on the conversion of toluenes to benzyl triflate species by anodic oxidation, and their
etherification.

4-tert-Butyltoluene was anodically oxidized (2.1 F/mol) in CH>Cl; at =78 °C with BuuNOTf
as a supporting electrolyte. After electrolysis, benzyl alcohol and 2,6-di-tert-butylpyridine were
added, and reacted at room temperature for 1 h to give the desired benzyl ether in good yield.
Keywords : Anodic oxidation, Benzyl triflate; Etherification
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anodic oxidation

CH CH P C.
/©/ 3 (2 1 F/mol) /@/ 2 ©/\ A o /©/ o/\©
tBu BuyNOTf (0.1 M) 20°C,1h {Bu

0,
CH,Cly, 78 °C 74%
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Stereochemical control in the nickel-catalyzed electrochemical reductive synthesis of C-glycosides

(MTottori University,) OHirofumi Endo,' Norihiko Sasaki,' Toshiki Nokami'

C-glycosides are carbohydrate derivatives in which the glycosidic bond is replaced by a carbon
atom instead of an oxygen. In particular, aryl C-glycosides are commonly found in medicines and
natural products'. Though the role of aryl C-glycosides is extensive, their synthesis requires lengthy
process using organometal reagents or expensive photocatalysts>. We envisioned that the
electrochemical reactions, which have advantages in mild conditions and are inexpensive catalysts,
can be used for C-glycosylation. We are developing nickel-catalyzed electrochemical reductive
synthesis of C-glycosides. In this presentation, we report the influence of the protecting groups of
carbohydrate hydroxyl groups on the stereochemistry of anomeric carbon.

Keywords : Synthetic organic electrochemistry, C-glycoside, Stereoselectivity, Nickel catalysis
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C-glycosylation
Ar-l

RO RO

(0] 2+ R O
Rg&\ O e 8&*

RO “x cathodic Ni(1l) RO “Ar
R =Ac, Piy reduction cat. R =Acfora, R = Pivforp
X =Br (1 step) X=Br:upto 77%
from comercially a/p = a-selective ~ 1:2.0

available sugar

1) T. Bililign, B. R. Griffith, J. S. Thorson, Nat. Prod. Rep. 2005, 22, 742.
2) T. Ghosh, T. Nokami, Carbohydr. Res. 2022, 522, 108677.
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Data-Science-Driven Yield Prediction of Electrochemical
Oxidation Reactions for Effective Condition Screening

(MInstitute of Science Tokyo) OLiuyiyi Yang', Yushi Ohno!, Kosuke Sato', Shinsuke Inagi'
Keywords: Organic electrosynthesis, Electrochemical reaction, Machine learning, Density
functional theory calculation, Descriptor calculation

Electrochemical synthesis is a powerful molecular transformation process that depends
on multidimensional parameters such as current, potential, and electrolytes. However,
efficient exploration and optimization of reaction conditions remain critical for practical
applications. To address this challenge, we developed a comprehensive database of
electrochemical oxidation reactions, which includes detailed reaction conditions, molecular
descriptors, and DFT-calculated properties of reactants and mediators. This database serves
as the foundation for training an ensemble decision-tree-based machine learning model to
predict reaction yields. Through the use of descriptors derived from DFT calculations, we
achieved a substantial improvement in prediction accuracy, with a mean absolute error
(MAE) reduced to +10%. Among the tested models, the Extra Trees (ET) algorithm
exhibited the best overall performance, demonstrating robust and reliable yield predictions
with high consistency across datasets.

In addition to improving yield prediction, we constructed a virtual condition screening
framework, which involved generating over 1000 reaction conditions by varying critical
parameters such as solvent properties, reactant concentration, current density, reaction time,
and electrode characteristics. This framework enabled the prediction model to identify
optimal reaction conditions for unknown electrochemical oxidation reactions. The model's
ability to propose high-yield conditions for experimental validation highlights its potential
to accelerate the exploration of new electrochemical synthesis pathways and guide
experimental efforts effectively.

‘ \x - el \x 2 e~ oxidation
[ TR S Simple down-hill process
without catalyst

Fused product

Existing data - Prediction model - Data-driven propesal of condition —+  Efficient reaction development
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Development of an electricity-free electrochemiluminescence system driven by feeding
solutions (! School of Materials and Chemical Technology, Institute of Science Tokyo, *Institute
of Materials and Systems for Sustainability, Nagoya University) ORyota Kirino,"! Suguru
Iwai,' Rintaro Suzuki,! Elena Villani,' Kosuke Sato,' George Hasegawa,? Shinsuke Inagi,'

The bipolar electrode system, which utilizes the potential difference generated by flowing
solution in a channel (streaming potential), has attracted significant attention as an
environmentally friendly and straightforward reaction system. This system can minimize the
use of supporting electrolyte and eliminate the need for an external power supply. In this study,
we focused on coreactant type electrochemiluminescence (ECL) as an advanced application of
the electricity-free flow electrolysis system driven by streaming potential.

The sufficient streaming potential for ECL was generated by the forced flow of solution
through a porous channel. An organic luminophore with aggregation-induced emission
property fixed on the electrode showed ECL detected by a photomultiplier tube. Through the
investigation of porous materials, luminophores and coreactants, we successfully developed an
electricity-free ECL system driven solely by feeding solutions.

Keywords : Bipolar electrochemistry, Electrochemiluminescence, Aggregation induced
emission, Flow electrochemistry, Streaming potential
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Formation and application of Electrogenerated Lewis acids by electrolytic oxidation under

weakly coordinating conditions (Department of Chemistry and Life Science, Yokohama
National University) Ikumi Akiba, Naoki Shida, OMabhito Atobe

In electrochemical reactions, the acid generated by anodic oxidation, electrogenerated acid
(EGA), is known. The acidity of EGA is influenced by the composition of the electrolyte; for
example, EGA generated under weakly coordinating conditions is highly acidic. Inspired by
EGA chemistry, we hypothesized that the generation of Lewis acids by anodic oxidation, i.e.,
electrogenerated Lewis acids (EGLA), could also be a viable concept. Therefore, we
investigated the generation and utilization of EGLA in weakly coordinating electrolytes. We
selected tetrakis(pentafluorophenyl)borate, B(C¢Fs)s~ as the precursor of EGLA. Whereas
B(CsFs)4 is known to be an extremely weakly coordinating anion, previous studies have not
identified the utility as EGLA. In this study, we found that anodic oxidation of B(CeFs)4
generates EGLA and uses it for various molecular transformations.

Keywords : Weakly Coordinating Anion; Lewis Acid; Electrosynthesis; Catalysis
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1) K. T. Nam, et al., J. Phys. Chem. C, 2022, 45, 19200-19208.
2) D. Didier, et al. J. Am. Chem. Soc. 2020, 142, 4341-4348.
3) L. Akiba, ef al. Electrochim Acta. 2024, 508, 145261.
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Electorooxidation and redox behavior of 2,5-diarylthiophenes bearing coordinating groups
("Yokohama National University, >JST PRESTO) OSu-Gi Chong,! Naoki Shida,!? Mahito
Atobe'

Thiophenes are known as an electron-enriched hetero-aromatic ring and widely used as
substrates for electrosynthesis, such as electrochemical polythiophene synthesis. Recently, our
laboratory found that two-electron oxidation of thiophenes is induced as the coordinating
ability of anions of supporting electrolytes increase. Based on such background, we newly
designed and synthesized thiophenes bearing coordinating groups. The cyclic voltammograms
of them showed two-electron oxidation peaks and return peaks appeared about 1 V away from
the oxidation peaks. Electrochemical oxidation of them gave not hypervalent sulfur(IV) species
with bond formation between sulfur and oxygen atom at apical positions, but spiro compounds
accompanying a dearomatization of thiophene ring. In addition, the spiro compound was
treated with TfOH to detect the corresponding thiophenium salt quantitatively in 'H NMR
analysis.

Keywords : Electrosynthesis, Redox Chemistry
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Demethoxylation and nuclear hydrogenation of bio-oil-based aromatic compounds using a
Proton-Exchange Membrane (PEM) reactor ('Department of chemistry and life science,
Yokohama National University, JST PRESTO) O Ayaka Wakasugi,' Juri Harada,' Naoki
Shida,"? Mahito Atobe!

Lignin-derived bio-oil, considered a promising chemical feedstock, is recognized as an
important clean resource for producing high-value-added chemicals. The reduction of lignin-
derived bio-oil using electrochemical methods has been typically performed in batch-type cells,
which often required the addition of acids or supporting electrolytes. However, from
environmental and economic perspectives, the use of in-solution electrolytes is undesirable. In
this study, we envisioned the electrochemical hydrogenation of lignin-derived bio-oil without
supporting electrolytes in solution using a proton exchange membrane (PEM) reactor. Using
4-methoxytoluene as a model compound, we conducted parameter investigations by flowing it
to the cathode chamber of the PEM reactor. By employing a carbon-supported platinum as the
cathode catalyst, we successfully obtained methylcyclohexane with high selectivity.
Furthermore, the study demonstrated desired reactions for other bio-oil-derived aromatic
compounds.

Keywords : Electrocatalysis,; Electrochemical hydrogenation, PEM reactor; Metal-supported
catalyst; Lignin
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1) Yanuar Philip Wijaya, et al., Journal of Applied Electrochemistry. 2021, 51, 51-63.
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Electrochemical hydrogen atom transfer (HAT) reactions using m-extended nitrogen-centered
radical mediator ('Department of Chemistry and Life Science, Yokohama National University,
2 JST PRESTO) Rin Hidaka,' Atsuki Hirama,' Su-Gi Chong,' Naoki Shida,'> Mahito Atobe!

Nitrogen-centered radicals (NCRs) can cleave C-H bonds via hydrogen atom transfer (HAT),
enabling direct C-H functionalization. Electrochemical oxidation of NCRs allows oxidative
functionalization of inert C-H bonds under mild conditions. However, reported electrochemical
HAT reactions using NCRs require stoichiometric catalysts, likely due to NCRs instability. This
study stabilizes NCRs with z-extension structures and develops a new electrochemical HAT
system using them as mediators. Various derivatives of 9-amino-10-arylanthracene were
synthesized and used for the oxidation of y-terpinene, affording p-cymene in moderate yield.
Modifying the amine and aryl groups allowed fine-tuning of mediator properties.

Keywords : Hydrogen Atom Transfer, Nitrogen-centered radicals, mediator, anthracene
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1) S. Zhang, M. Findlater, ACS Catal. 2023, 13, 8731-8751.
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Electrochemical insertion of CO, into C(sp®)-H Bonds ('Graduate School of Engineering,

Osaka University, *School of Science, Institute of Science Tokyo)O Yuto Maeji,! Toshimichi

Kobayashi,' Yutaka Saga,' Tetsuya Kambe,' Mio Kondo,? Shigeyuki Masaoka'

CO; is an attractive C1 resource as it is abundant, inexpensive and non-toxic. Particularly, CO»
insertion reactions into organic molecules are promising techniques that can provide various
carboxylic acids in a single step. However, there have been only a few examples of direct CO,
insertion into inert C(sp®)-H bonds, due to the high energy barrier to cleave C(sp®)-H bonds.
Here, we achieve the first electrochemical CO, insertion into inert C(sp®)-H bonds. Our
electrochemical system combined with Hydrogen Atom Transfer (HAT) reagents allows CO,
insertion reaction under mild conditions (i.e., at room temperature, under 1 atm of CO»).
Keywords : CO; insertion; Inert C-H bonds; HAT(Hydrogen Atom Transfer), Electrochemical
synthesis
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1) (a) B. Konig et al., Angew. Chem. Int. Ed., 2017, 56, 13426.
(b)J. Wuetal,J Am. Chem. Soc., 2018, 140, 5257.
(c) B. Konig et al., J. Am. Chem. Soc., 2018, 140, 3198.

2) (a)Y.Satoetal,J Am. Chem. Soc., 2017, 139, 6094.
(b) B. Koénig et al., J. Am. Chem. Soc., 2019, 141, 11393.
(¢) D.-G. Yuet al., J. Am. Chem. Soc., 2024, 146, 28350.
(d) T. F. Jamison et al., Nat. Chem., 2017, 9, 453.
(e) Y. Kondo et al., Org. Lett., 2022, 24, 4825.

3) P.S.Baran et al., Chem. Rev,, 2017, 117, 13230.
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Light-Driven Amidation of Acyl Hydrazines with Amines Promoted by Quantum Dots (‘SANKEN,
Osaka University, *Graduate School of Engineering, Osaka University, *ICS-OTRI, Osaka
University) OMiu Ito,' Keita Shichijo,"* Taro Uematsu,>* Mamoru Fujitsuka'"

Oxidative C—N bond formations, converting acyl hydrazines into valuable amides, have gained
significant attention in the field of synthetic organic chemistry. However, conventional methods
require harsh conditions"?. Herein, we report a visible light-driven amidation of acyl hydrazines
with amines catalyzed by CdSe quantum dots (QDs) without using excessive chemical oxidants
(Fig. 1). The visible light-driven amide synthesis was performed using benzoyl hydrazine,
piperidine and CdSe QDs (dave = 3.74 nm) at room temperature in ambient pressure under blue
LED irradiation for 24 hr. The N-benzoylpiperidine was formed in 74% yield with turnover
number (TON) of 828. When the larger sized QDs were used as photocatalyst, the yield of N-
benzoylpiperidine decreased, indicating that the smaller QDs exhibit superior catalytic activity.
Control experiments confirmed crucial roles of both the light irradiation and QDs. These findings
highlight the potential of QDs as visible light-driven photocatalysts for developing
environmentally-friendly amides synthesis from acyl hydrazines.

Keywords : Quantum Dots; Acyl Hydrazines; Amides; Photo-redox
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1) S. Wang, G. Zhang, A. Shoberu, J. Zou J. Org. Chem. 2021, 86, 9067-9075.
2) T. Alam, A. Rakshit, H. N. Dhara, A. Palai, B. K. Patel Org. Lett. 2022, 24, 6619—6624.
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