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Arylation of Silyl Enol Ethers with Aryl Iodides under Organophotoredox Catalysis (Graduate
School of Engineering Science, Osaka University) Olkuya Fujii, Ryo Shintani

a-Aryl carbonyl compounds are key intermediates in the design of pharmaceutical molecules
and luminescent materials. Although transition-metal catalysts and hypervalent iodine reagents
have advanced their synthesis, existing methods often require harsh conditions, such as high
temperatures in the presence of strong bases or the use of reactive oxidants. These challenges
underscore the need for the development of more efficient, mild, and sustainable synthetic
strategies.

Herein, we present an efficient method for the arylation of silyl enol ethers with aryl iodides
to form a-aryl carbonyl compounds under organophotoredox catalysis.
Keywords: Organophotoredox Catalysis, Silyl Enol Ether; C—C Bond Formation; a-Arylation
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1) (a) T. Satoh, Y. Kawamura, M. Miura, M. Nomura, Angew. Chem. Int. Ed. 1997, 36, 1740. (b) M.
Palucki, S. L. Buchwald, J. Am. Chem. Soc. 1997, 119, 11108. (c) B. C. Hamman, J. F. Hartwig, J. Am.
Chem. Soc. 1997, 119, 12382. (d) C. C. C. Johansson, T. J. Colacot, Angew. Chem. Int. Ed. 2010, 49,
676. (e) A. Bigot, A. E. Williamson, M. J. Gaunt, J. Am. Chem. Soc. 2011, 133, 13778. (f) J. S. Harvey,
S. P. Simonovich, C. R. Jamison, D. W. C. MacMillan, J. Am. Chem. Soc. 2011, 133, 13782.
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Development and Application of Highly Active Metal Thiophenoxide Catalysts (School
of Science, The Univ. of Tokyo) O Tomoya HISADA, Yuki SATO, Yasuhiro
YAMASHITA, Shu KOBAYASHI

Photocatalytic reactions under visible-light irradiation have recently attracted
significant attention as a method for activating less-reactive substrates in thermal
reactions. For example, our research group has reported the photoinduced a-
alkylation of active methylene compounds with simple alkenes. In this reaction, metal
thiophenoxides act as Lewis acid/Brgnsted base/hydrogen atom transfer (HAT) hybrid
catalysts, and lithium thiophenoxide was found to be an effective catalyst. Recently,
we discovered that magnesium thiophenoxide exhibits higher catalytic activity. Based
on these results, we prepared various metal thiophenoxides and evaluated their
catalytic activities. Consequently, rare-earth metal thiophenoxides exhibited even
higher catalytic activities under certain conditions. This presentation will report the
details of these investigations using various metal thiophenoxides.

Keywords: Photoreaction; Photoalkylation; Metal thiophenoxide; Active methylene
compounds; Simple alkene
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1) Yamashita, Y.; Kobayashi, S. et al. J. Am. Chem. Soc. 2023, 145, 23160.
2) Yamashita, Y.; Kobayashi, S. et al. Adv. Synth. Catal. submitted.
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Photoinduced Catalytic Alkenylation Reactions of Active Methylene Compounds with
Alkynes (School of Science, The Univ. of Tokyo) Yasuhiro YAMASHITA, O Keisuke
OKANO, Yuki SATO, Tomoya HISADA, Shi KOBAYASHI

The carbon-carbon bond formation reaction using active methylene compounds as
carbon nucleophiles is an important reaction for constructing the basic structure of
molecules. Recently, our laboratory has successfully developed photoalkylation
reactions of active methylene compounds using non-activated alkenes as electrophiles
in the presence of a photocatalyst and metal thiophenoxides, which act as Lewis
acid/Brgnsted base/hydrogen atom transfer (HAT) multifunctional catalysts.” On the
other hand, the photoalkenylation of active methylene compounds using alkynes as
electrophiles is a useful reaction that enables the introduction of substituted vinyl groups
at the reaction site, but there have been few reports on this reaction, leaving the field
unexplored. We investigated this reaction using various metal thiophenoxides and found
that Mg(SPh). exhibits high catalytic activity, with the reaction proceeding efficiently
under mild conditions with visible light irradiation. This presentation will report the details
of this study.

Keywords: Organophotocatalyst; Active methylene compound; Alkyne; Alkenylation; Visible
light
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1) Yamashita. Y; Ogasawara. Y; Banik. T; Kobayashi. S J. Am. Chem. Soc. 2023, 145,
23160.
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Development of a Highly Reactive Amine HAT Catalyst System and Application for
Photoalkylation of Active Methylene Compounds with Alkenes

(School of science, The Univ. of Tokyo) O Yuki SATO, Tomoya HISADA, Yasuhiro
YAMASHITA, Shi KOBAYASHI

Catalytic alkylation reactions that use alkenes as electrophiles are highly
efficient carbon-carbon bond-forming reactions. We recently reported
photoinduced alkylation reactions of 1,3-dicarbonyl compounds, such as
malonates and [-ketoesters, using nonactivated alkenes without electron-
withdrawing groups, with low amounts of a photocatalyst and a metal
thiophenoxide.”? Photoalkylation of active methylene compounds, such as
malononitrile, is also applicable by the addition of dimethylaniline.® After further
optimization, a tertiary amine and benzenethiol, which are hydrogen atom
transfer (HAT) reagents, enabled efficient reactions under mild conditions without
a metal thiophenoxide. As a result, we achieved a metal-free catalyst system by
using an organophotocatalyst, a reactive amine, and a benzenethiol. Here, we
report on the details of this study.

Keywords: Organophotocatalyst; Photoreaction; Photoalkylation; Nonactivated
alkene; Amine catalyst
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1) Yamashita, Y.; Kobayashi, S. et al. J. Am. Chem. Soc. 2023, 145, 23160.
2) Hisada, T.; Kobayashi, S. et al. The 104" CSJ annual meeting E1142-4AM-05.
3) Sato, Y.; Kobayashi, S. et al. The 104" CSJ annual meeting E1142-4AM-06.
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Dehydration of Water-soluble Compounds Using Solid Acid Catalysts in Deep Eutectic Solvents
(School of Science’ and GSC Social Cooperation Laboratory?, The Univ. of Tokyo)
Haruro ISHITANI?2, OKohei ITO", Kota TAKENO', Shii KOBAYASHI'2

While production of chemical substances mainly relies on fossil resources as a
carbon source, utilization of renewable resources such as biomass is an important
alternative. 5-Hydroxymethylfurfural (5-HMF) is counted as one of the biomass-
derived chemical feedstock compounds; therefore, many efforts to synthesize it from
glucose or fructose had been made so far. However, most of them were conducted
under harsh conditions such as long reaction time or high temperature using highly
polar organic solvents such as DMSO which is difficult to separate from the reaction
product”. In this study, we attempted to apply relatively mild conditions by increasing
the concentration of the starting material using a deep eutectic solvent system formed
from fructose, and to search for a reaction system suitable for application of
continuous-flow conditions using solid acid catalysts. We confirmed that a 2:3 mixture
of fructose and choline chloride formed a highly viscous liquid, and became a fluid
slurry when diluted with an equal amount of water. Using this aqueous mixture in a
two-phase system with methyl isobutyl ketone, dehydration reaction catalyzed by
sulfonic acid resin proceeded at 120 °C to afford the desired 5-HMF around 45% yield.
Keywords: Heterogeneous Catalyst; Solid Acid; Dehydration Reaction; Continuous-
flow Reaction; Biomass Conversion
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1) Grushin, V. et al. Org. Lett. 2003, 5, 2003-2005.
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Development of Diary Phosphine Sulfides into HAT Catalyst: Diastereoselective
Hydroacetoxylation of Enamines ('Graduate School of Life Science, Hokkaido University;,
Institute for Catalysis, Hokkaido University) O Shota Tamazawa,'* Nakaba Akutsu,'?
Hokuto Ishimaru,'? Qiang Zhao,? Daisuke Uraguchi?

Hydrogen Atom Transfer (HAT) catalysts play an essential role in photoredox catalysis by
efficiently converting the in-situ generated radical intermediates to the products. Thiols have
been extensively used as HAT catalysts due to its well-suited bond-dissociation energy (BDE)
and pK,. However, the stereoselective HAT catalyst is rare due to the difficulty in imparting
stereoselectivity to thiols. Herein, we disclose that the diaryl phosphine sulfide efficiently
works as a HAT catalyst in the photocatalyzed hydroacetoxylation of endocyclic enamides.
Interestingly, the reaction highly favors the trans-selectivity in presence of the phosphorous-
HAT catalyst. The distinctive high diastereoselectivity was elucidated by the DFT
calculations, that arises from the interaction between the acetoxyl group on the radical
intermediate and the HAT catalyst.

Keywords : Hydrogen Atom Transfer Catalyst; Photoredox; Diarylphosphine Sulfide;
Diastereoselective; Hydroacetoxylation
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1) Bao, X.; Yu, W.; Wang, G. Adv. Synth. Catal. 2023, 365, 2299.
2) Holmberg-Douglas, N.; Choi, Y.; Aquila, B.; Huynh, H.; Nicewicz, D. A. ACS Catal. 2021, 11, 3153-
3158.
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Development of Hypercoordinating Silylium Salts and Evaluation of their Photocatalytic
Activity ('Graduate School Life Science, Hokkaido University, *Institute for Catalysis,
Hokkaido University) ORyuma Otsuka', Daisuke Uraguchi?

In the radical chemistry of the photoredox catalysts, the photocatalyst is critical for the
generation of reactive radical/radical ion species from substrates or reaction intermediates.
However, the photocatalyst is generally considered innocent in controlling the selectivities in
the photoreaction, because the photocatalyst doesn’t interact efficiently with the reactive
intermediates. For tackling this problem, we have developed a series of complexes consisting
of the redox-inactive silylium ion and photoactive organic dyes, 2-azolylpyridines, as a new
class of photocatalysts. The photophysical properties of the silylium salts were found to be
sensitive to the geometric structure of the silylium core, their anionic components and solvents.
In addition, the photocatalytic activity of the silylium salts was evaluated using the addition of
a radical enolate to alkenes as a model reaction.

Keywords : Silylium salt; Photocatalyst; Hypercoordinate,; Photoredox; Radical addition
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1) (a) Nicewicz, D. A.; MacMillan, D. W. C. Science 2008, 322, 77. (b) Prier, C. K.; Rankic, D. A_;
MacMillan, D. W. C. Chem. Rev. 2013, 113, 5322.
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Development of N-Alkylation of Indoles Using a Coordination-Saturated Borenium Salt as a
Photocatalyst (' Graduate School of Life Science, Hokkaido University, *Institute for Catalysis,
Hokkaido University) OKenichiro Fujioka,' Daisuke Uraguchi?

In contrast to metal-complex and organic-molecular catalysts, photocatalysts are regarded to
be innocent in selectivity of bond-forming events of photoreaction. Therefore, molecular
design of three-dimensional structure of photocatalysts have been remained to be a negligible
topic. We hypothesized that three-dimensional organic fluorescent dyes could participate in
the photocatalytic bond-formation and developed a coordination-saturated borenium salt
inspired by the structure of boron-containing dyes. In evaluation of photocatalytic activity of
the borenium salt, we found that the borenium salt is uniquely effective for a N-selective
alkylation of indoles by vinylethers under visible light irradiation. Interestingly, the site
selectivity of the reaction was influenced by the coordination ability of the anionic component
of the borenium salt.

Keywords : Borenium salt; Organic dye; Photocatalyst, Indole; Alkylation
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T2 T 2Tl REFHIISICBIT 54 > R— VO EALE CTH D 3NIRFE & IR
HNEERENEE L2 LIz AL =T A 1 O7 =F > OENEREVIE S
AR O NIEIRPED & < 72 DA 2N /L S vz,

X Me 1 (5 mol%) ""“')4'\"9
+
NH %\OM (CH,Cl)y, t, 12 h N~ ~OMe
€ LED (525 nm) —

Borenium salt 1
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Azidoamination of Styrenes by Visible-Light Excitation of Hypervalent lodine Reagents
Containing a (Diarylmethylene)amino Group (Graduate School of Engineering, Osaka
University) OKoki Nakano, Kensuke Kiyokawa, Satoshi Minakata

Unsymmetrical vicinal diamination, which introduces two different nitrogen functional
groups to readily available alkenes, is a useful method for constructing various 1,2-diamine
motifs. Particularly, unsymmetrical diamination involving the introduction of an easily
modifiable azide group gives synthetically useful 2-azidoamines. In this study, we achieved the
azidoamination of styrenes using a hypervalent iodine reagent containing a
(diarylmethylene)amino group that can be readily converted to a NH» group, and sodium azide
under visible light irradiation, providing azidoaminated compounds with complete
regioselectivity. In this reaction, the photoexcited hypervalent iodine reagent acts as both a
single electron oxidant and an iminyl radical source, and the azide radicals and iminyl radicals
participate in the addition to alkenes.

Keywords : Hypervalent lodine; Sodium Azido; Azidomination; Photochemical Reaction;
Radical Reaction

ANFRGIRT NV AR LT oD R A ERERELEATLHIENMHE T L
T IMEE BRI 12-T T I B AR 210D MRFETH L, T,
PR G I2T 2V FEOB AL /YT X /iTA kP ks LTHMZR 2-7
VT IraE525 0, KBTI, AEDEHE T, AF LIS LT, NH2 5
BB YT V=NV AF LT 2 a2 fT 5 Rl = U RUSH 194
TACT P D LZESEL 2L TT Y RT I BT L, B ALIZT Y FEL «
MY T V=N AF LT I ENEANSNTACE ML ER IR D 2 &
Z R UTo, ARBROSIE, Jebte S - IR - = v B RUSHI S —EFBR(LA oA 2
=T VANMEE LTER LLBILICEVAECTET UV RI VI I =T V00
INT IV AT 5 2 & TEITT 5,

Ph Ph
Ph
R _<N—I—O Ph/gN
/& £ Nals o i /k\/N
Ar ©/§O purple LED Ar o 3
1

1) a)S. Makai, E. Falk, B. Morandi, J. Am. Chem. Soc. 2020, 142,21548.b) Y. Xu, B. Wang, J. Wang,
X. Zhou, J. Chen, X. Guo, G.-J. Deng, W. Shao, Org. Lett. 2023, 25, 8716.

2) a)K. Kiyokawa, D. Okumatsu, S. Minakata, Angew. Chem., Int. Ed. 2019, 58, 8907. b) D. Okumatsu,
K. Kiyokawa, L. Tran Bao Nguyen, M. Abe, S. Minakata, Chem. Sci. 2024, 15, 1069.
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Denitrative Alkenylation of Nitroalkanes (Graduate School of Engineering, Kyoto University)
OXKento Uemura, Shuji Murakami, Ayumi Osawa, Yoshiaki Nakao

The photo-induced single-electron reduction represents a powerful strategy for C—C bond
formation, owing to its capability to generate alkyl radicals from a wide range of radical
precursors under mild conditions. However, the synthesis of functionalized radical precursors
often requires multi-steps including the introduction of redox-active groups.

Nitroalkanes readily undergo deprotonation under mild conditions to form nitronate ions,
which enables various a-functionalization reactions. Furthermore, the single-electron reduction
of nitroalkanes can directly generate alkyl radicals without the need for additional
transformations.

In this study, we demonstrate that photo-induced single-electron reduction facilitates the
generation of alkyl radicals from nitroalkanes, enabling denitrative alkenylation reactions.

Keyword: Nitroalkane; Radical; Alkenylation; Photoredox, Denitrative transformation

WFHE BRI, BIRS T I EIERT UHAFIBMEN L T AX LT
HNEERTE DT, KFE—RBEMETBOSZIEFIH SN TN D, L LRn
O, BREE L INTZ T DA NARIBROGIIR S TR <, B{bEeiE R OE A%
B D 70 CRER T R EFREN LN,

=k Tk, BRSE = bbat— AU EAERL, ZNHBRE AL
BT 228 TakFRaetkx ICERET 22N TE D, 61T, WMt
BEILT DL, RE-EBFMEEOUMZESTT VXN T OHIVNERTHDT,
INZEIRF—REMETERSISFIHTES 2, LLRns, MHATEs=ra7T
T o RBUSTERUZHIR S & o 72, ABlF% 1L, iFE—ETF &l T=ra7
NN ET RNV TUANEETSHE, = a7 T = AfbIEHEITT 5 2 &
e FONT T,

=hrua7vH1(0.50mmol) &7 /L% 2 (1.5mmol) %, DMSO ', Ir(ppy); (5.0
mol%) fF(ETF, HENEBE L7225 32°C T80 MG SE-E 24, it=hn
T AT = AR 3 DNER 57% TR b T,

Ir(ppy); (5.0 mol%)

r\/|eozc;\/><|\;o2 . X,Ph I\/1£¢OZC\/><%r Ph
Ph DMSO

Ph

1 9 blue LEDs (440 nm) 3
0.50 mmol 1.5 mmol 32°C,80h 57%
1) Overman et al. J. Am. Chem. Soc. 2018, 140, 3091. 2) (a) Kornblum et al. J. Am. Chem. Soc.
1967, 89, 725. (b) Ono et al. Tetrahedron 1985, 41, 4013. (c) Nakao et al. Synlett 2023, 34,
1482. 3) Nakao et al. Org. Lett. 2024, 26, 10218.
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Denitrative Etherification of Nitroalkanes (Graduate School of Engineering, Kyoto University)
(OMaanashaa Balasubramanian, Ayumi Osawa, Yoshiaki Nakao

Nitroalkanes serve as useful synthetic intermediates to synthesize functionalized amines and
carbonyl compounds through a-functionalization, followed by reduction or hydrolysis. On the
other hand, the substitution of the nitro group with nucleophiles offers access to a wide range
of functionalized compounds but remains underdeveloped. In this study, we present the
denitrative etherification of nitroalkanes using alcohols as nucleophiles by photoredox catalysis.

Keywords : Nitroalkanes, Etherification; Photoredox reaction, Radical

=haT7 b AL, afizkEc B LD b, = b dRoE e KRR iR
Lo TT I VRNV AR=UbEMCEBTX 28R EaRPREkTH L, —FH, =k
A RS & T A EWRISIC L > T, = M7 U bk 7B WD RTRETE DS,
ZD XD BRBNIR ST\, FriZ, BRFEREAIZ DT —T VA~ 25 SO T
—EMEICZ LS, IAR= UG R 20ERIE TIIZ B O TRALE TH -
770

Fx ORETIIFE, = a7 rofi= a7 Vs = bRIGE#E Lz Y,
ASGTI, Jebi S e bE ot RN = he 7 v & —E R T 52 & T,
TIVXNLTHANECLZ EZALNI LTS, 77, ERE - KELIX, gk
TR A WD TR LR IR = AT A NS T LR LT DN EFRHE L THILR D
FAUEEALSE, ZNET A=V ERGSETCZ—T LV EGRTED I &2l
LTW5 2, SREFE~IL, SEBECfilts 7 ra— L zHlnbs= a7 /v O
= ha =7 BRI DWW THIET 5,

SR b TTARE Ir(dtbbpy)(ppy)2PFs (5 mol%) , 3 & U8 Mg(ClO4), (10 mol%) FF(E T,
HFENEZRI LR S 1-AFL4-(1-= hr 7 a ) (1,0.10mmol) & A #
J—/v (2, 030mL) % 60°C T24 RS ET2E 2 A, Bi=heTrvak vt
R4 3 78 NMR IR 87% T H 72, Mg(ClOs), Z ¥R L 72 WSRIETIEA T2 4 4 08
NMR I3 42% TR H AL, 3 13e<moienoT,

Ir(dtbbpy)(ppy)2PFe (5 mol%)
Mg(CIO4), (10 mol%) OMe NOH

blue LED (440 nm)

NO; +  MeOH

1 2 60 °C, 24 h 3 4
0.10 mmol 0.30 mL 87% <5%
wio Mg(ClOy), <5% 42%

1) Nakao et al. Org. Lett. 2024, 26, 10218.
2) Nagao, Ohmiya, et al. J. Am. Chem. Soc. 2020, 142, 1211.
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Scope and Limitations of a Radical Addition/Cyclization Cascade Reaction Using Photoexcited
Palladium for the Synthesis of 5-membered Carbocyclic Bronates

(‘Okayama University) O Takara Fukugaichi,' Haruka Ikeda,! Haruki Mizoguchi,' Akira
Sakakura!

We have developed radical coupling/cyclization cascade reaction of alkyl halides with vinyl
boronate-containing 1,6-dienes using photoexcited palladium complexes. Substrate 1 was
reacted with various primary, secondary and tertiary alkyl bromides in the presence of
[Pd(allyl)Cl]>, DPEphos, and cesium carbonate under blue LED irradiation. As a result, five-
membered carbocyclic 2 with various substituents was obtained in good yield. In addition, to
gain insight into a substrate scope and reaction mechanism, we have investigated the cascade
reaction of vinylboronic esters with different substituent patterns.

SRELARIAE A~ B TE DR 0 VIS 2 BT D RFEERONT B RIZEIRS
SRR T2 EEMERESE R R AL B ~DA KT EE LTEHTH 5, 56 104 £5F
FRITBWTHRA L, e Pd 2 WS, B=rARe v @Baegie 1,6-0 =
ETNXNNTA REDT AN —B b Ar— RSIC L D RFERLEER AR 0
VEEDER ARG L-, A bR a Vg AT L1 ZEE L L, [Pd(ally])Cl]a.
DPEphos. [REEY o 7 AMEETF. H LED BT W THEA 2T 1%L 7 1 3
N EDRINERT Lz, TOREFR, 1/, 2B O3 ET7 VT ENREAINT 5-
exo BRALIK 2 Z457-, F1-, BHEOKOMEOR L= 1A n VBB AT L% H
WD ZETERRBRILEEZ TGS & &I, RGBT 2 MmN G o N oot

THET D,
Bpin
pinB alkyl
Me0,C ~ * aIkyI—Br—@—» MeO,C
M602C blue LED MeOZC
1 2

\/@ e o
alkyl =
’7’7{ etc

1) fEENIER, MEEE, 10 28, WEE, BAMLFRE 104 [BIFFEFFES, 2024,
E1143-3am-02
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Development of f.f-diborylalanine, a new borylated amino acid for peptide synthesis
(‘Okayama University) O Naoyuki Nitta,! Kenshin Nakai,' Haruki Mizoguchi,! Akira
Sakakura'

Boronic acids are known to contribute to various molecular assemblies through boronic ester
formation, hydrogen bonding, and Lewis acid-base interactions. We envisioned that
introducing boronic acid-containing amino acid to peptide would trigger non-natural
interactions to form a novel three-dimensional structure and might be useful for the exploration
of functional materials. To add an ability to possess multiple interactions, we designed f,5-
diborylalanine (Ala®®). Ala®® has a gem-diboryl group at the S-position of amino acid and is
expected to have interactions with peptide structure in two different directions.

In this study, we have developed a procedure to synthesize AlaP® stereoselectively using
Ellman’s imine as a chiral auxiliary. We also investigated the method to introduce AlaP® into
peptide structure and achieved condensations with other amino acids at both C- and N- terminal.
Keywords : Amino acid; Boronic Acid; Peptide; Functional Molecules, Three-dimensional
structure
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Thiocarbonyl Compounds for Radical Covalent Catalysis (' Graduate School of Engineering,
Nagoya University, *Institute of Transformative Bio-Molecules (ITbM), Nagoya University)
OTatsuhiro Kawaguchi,' Tsubasa Nakashima,' Takashi Ooi'?

Thiocarbonyl compounds show unique reactivities based on the reversible bond formation
with radical species, as seen in the RAFT polymerization, due to the weakness of C=S double
bonds. On the other hand, there have been scarce examples of employing thiocarbonyl
compounds as catalysts for radical reactions, and therefore exploration of novel catalyst
structures and development of distinctive catalytic systems utilizing characteristic properties
of thiocarbonyl groups is ever sought after. In this work, we pursued the possibility of
exploiting electrophilic nature of thiocarbonyl radical cations for radical covalent catalysis,
revealing that the rational structural modification leads to enhance their robustness and catalytic
activity. In particular, we found that [3+2] radical cycloaddition of vinylcyclopropanes and
vinyl epoxides with alkenes proceeded efficiently through the addition of thiocarbonyl radical
cations and consecutive C—C bond cleavage by the combination with visible-light photoredox
catalyst, providing highly substituted cyclopentane and tetrahydrofuran scaffolds.

Keywords : Radical covalent catalysis; Radical cation; Thiocarbonyl; Photoredox
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1) Xiao, W.; Wu, J. ChemCatChem. 2023, 15, ¢202300541.
2) He,J.; Ling, J.; Chiu, P. Chem. Rev. 2014, 114, 7783.
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