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Design and synthesis of a triangle molecule based on the NHC-Ag complex for the construction
of supramolecular graphene (' The University of Osaka, *Kyoto University)
OKazuki Kawahata,' Hayato Takahashi," > Kensuke Suga,' Shohei Saito'

Graphene has attracted much attention due to its unique physical properties, but several
challenges remain, including the difficulty of controlling its Fermi level after isolation and of
processing under mild conditions. Therefore, many attempts have been made to obtain a
graphene-like band structure by packing threefold symmetric molecules through strong
intermolecular interactions; however, this has not been achieved. In this study, we designed and
attempted the synthesis of a new triangular molecule bearing cyclooctatetraene (COT) as the
vertices and NHC-Ag complexes as the edges, which reconciles the avoidance of
intermolecular steric hindrance and strong intermolecular edge—edge interactions between the
triangular molecules.

Keywords : Ag complex; N-Heterocyclic Carbene (NHC), Metal-metal interaction;
Twwo-dimensional tessellation; Macrocyclic molecules
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Synthesis of Polycyclic Pyrrolidines via Silver-Catalyzed Asymmetric Michael Reactions of a-
Isocyanoesters  (Faculty of Science, Hokkaido University, 2 WPI-ICReDD, * List-PF) O
Kakeru Maeda', Satoshi Sakai', Yohei Shimizu'>?, Masaya Sawamura'*

Polycyclic pyrrolidines are frequently occurring substructures in biologically active alkaloids.
Hence, the development of efficient methods for their construction has been pursued in organic
chemistry. We developed a silver-catalyzed asymmetric Michael reaction of a-isocyanoesters
using a chiral aminoprolinol-phosphine ligand, affording chiral pyrrolines with high
stereoselectivity.! Furthermore, by leveraging the reactivity of the alkene moiety in the chiral
pyrroline, both intermolecular and intramolecular Diels-Alder reactions were achieved,
providing various tricyclic pyrrolidines. In particular, intramolecular Diels-Alder reaction
proceeded under the Lewis acidic conditions using Me:AINTf,?> prepared from
trimethylaluminum and bistrifluoromethanesulfonylimide, as a competent reagent, affording
two diastereomers in 65% yield.

Keywords :  silver; asymmetric reaction; Diels-Alder reaction; Lewis acid, pyrrolidine
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1) Sakai, S.; Uchiyama, K.; Imai, K; Yato, K.; Onizawa, M.; Higashida, K.; Sato, H.; Aoyama,
Y.; Shimizu, Y.; Sawamura, M., ACS Catal. 2025, 15, 16039.
2) Michael E. Jung, Mikhail Guzaev, Org. Lett. 2012, 14, 5169.
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Construction of a boron-substituted quaternary stereocenter by Cu-catalyzed conjugate
borylation to «’-hydroxyenones (Tokyo University of Science) O Taiyo Yamamoto, Ken
Yamanomoto, Kohei Endo

Highly functionalized sp*-carbon centers bearing a boronic ester have attracted significant
attention as chiral building blocks, because the C—B bond can be transferred into C—C, C-O
and C-N bonds with retention of stereocenters.! Additionally, a’-hydroxy enones have the
potential to offer the numerous synthetic routs as they can be converted to various carbonyl
compounds through oxidative cleavage of the C—C bond.? Conjugate borylation to f,B-
disubstitued o,B-unsaturated carbonyl compounds have been reported?, however controlling the
stereoselectivity in the acyclic system remains challenging due to the flexibility of the
substrates. To overcome challenges and expand the synthetic utilities of a’-hydroxyenones, we
will disclose the construction of a boron-substituted quaternary stereocenter by Cu-catalyzed
conjugate borylation to o’-hydroxyenones.

Keywords : o’-hydroxyenone, Borylation, Cu-catalysis
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(1) (a) Imao, D.; Glasspoole, B. W.; Laberge, V. S.; Crudden, C. M. J. Am. Chem. Soc. 2009, 131, 5024-
5025. (b) Sonawane, R. P.; Jheengut, V.; Rabalakos, C.; Larouche-Gauthier, R.; Scott, H. K.; Aggarwal,
V. K. Angew. Chem. Int. Ed. 2011, 50, 3760-3763.

(2) Palomo, C.; Oiarbide, M.; Garcia, J. M. Chem. Soc. Rev. 2012, 41, 4150-4164.

(3) (e.g.) Radomkit, S.; Hoveyda, A. H. Angew. Chem. Int. Ed. 2014, 126, 3455-3459.
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A Theoretical Approach to the Copper-Catalyzed Internal-Selective Carboboration of
Challenging Terminal Alkynes with Lewis Acidity-Diminished Diboron (Graduate School of
Advanced Science and Engineering, Hiroshima University) O Takumi Tsushima, Masaki
Takada, Masaaki Nakamoto, Hiroto Yoshida

Copper-catalyzed three-component carboboration of alkynes using diborons and carbon
electrophiles is a reliable approach for the regio- and stereodefined synthesis of
multisubstituted borylalkenes; terminal alkynes predominantly yield linear products with
Ba(pin).. On the other hand, we have disclosed that the use of Lewis acidity-diminished
borylcopper species bearing sterically demanding NHC ligands is the key to achieving internal
selectivity. Herein, we have conducted DFT calculations on borylcupration steps, wherein
terminal alkynes accept the addition of Lewis acidity-diminished (IPr)Cu—B(mdan) or (IPr)Cu—
B(pin), demonstrating the decisive effect of the boron structures on the regiochemical outcomes.
Keywords : Carboboration; Copper catalyst; Diboron; Regioselectivity; DFT calculation
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1) A Whyte, A Torelli, B Mirabi, A Zhang, M Lautens, ACS Catal. 2020, 10, 11578.
2) T. Tsushima, H. Tanaka, K. Nakanishi, M. Nakamoto, H. Yoshida, ACS Catal. 2021, 11, 14381.
3) T. Tsushima, M. Nakamoto, H. Yoshida, ACS Catal. 2024, 14, 12694.
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Copper-Catalyzed Stereoselective Borylation of Alkenyl Sulfoximines (Graduate School of
Engineering, The University of Osaka) OKoki Baba, Kosuke Yasui, Koji Hirano

In principle, cross-coupling reaction of alkenyl (pseudo)halides proceeds with retention of
original stereochemistry of substrates. In stark contrast, only one example of stereoinvertive
cross-coupling has been reported by Sigman and coworkers.

Recently, our group has explored the reactivity of alkenyl sulfoximines and found that Ni-
catalyzed cross-coupling with organoboronic reagents proceeds with stereoinversion. This
unusual stereochemical course is attributed to the nonredox Ni catalysis throughout the
addition—elimination pathway.

Based on the hypothesis that any other transition metal favoring addition—elimination
mechanism without oxidation state changes could enable stereoinvertive cross-coupling, we
selected copper as a rational catalyst. This strategy allowed us to develop a copper-catalyzed
stereoinvertive borylation of alkenyl sulfoximines.

Keywords : sulfoximine; copper catalyst, stereoselectivity; borylation
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1) Sigman, M. S. et al. J. Am. Chem. Soc. 2021, 143, 19078.
2) Yasui, K.; Yamazaki, K.; Hirano, K. ef al. Angew. Chem. Int. Ed. 2025, 64, ¢202420949.
3) B EM R, BHENCFERER, HALERE 105 FFES, [F12102-2am-07
(2025).
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Cu-Catalyzed Regio-, Diastereo-, and Enantioselective 1,2-Hydroboration of Boryl-
Substituted 1,3-Dienes with Bapin, (' Graduate School of Environmental, Life, Natural Science
and Technology, Okayama University, *School of Engineering, Okayama University) OHiroto
Sato,! Tsubasa Nishino,?> Hiro Takayanagi,' Naoki Oku,' Ken Yamazaki,! Tomoya Miura!

The hydroboration of 1,3-dienes depends on controlling regio- and stereoselectivities
because it can potentially produce various isomers.'> We present here a copper-catalyzed 1,2-
hydroboration of boryl-substituted 1,3-diene with B,pin, and -BuOH. The reaction proceeds
in a regio-, diastereo-, and enantioselective manner, yielding vic-diboryl compounds that are
otherwise difficult to synthesize.

(E)-3-Boryl-4-phenylpenta-1,3-diene was subjected to a hydroboration with B;pin, and #-
BuOH in the presence of Cu/L" complex to give vic-diboryl compound in 82% isolated yield
with high stercoselectivities (anti:syn = >20:1, 96% ee). Furthermore, since the reaction
proceeded anti-selectively regardless of the F/Z geometry of 1,3-dienes, it is considered that
the allyl copper intermediate formed in this reaction undergoes isomerization under the reaction
conditions.

Keywords : Asymmetric reaction; Copper, 1,3-Dienes; Hydroboration
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1) K. Semba, M. Shinomiya, T. Fujihara, J. Terao, Y. Tsuji, Chem. Eur. J. 2013, 19, 7125-7132.
2) W. B. Cao, L. Hu, J. Liu, G. Chen, G. Lu, M. Chen, Angew. Chem. Int. Ed. 2025, ¢17863.
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Reductive borylation of alkynes using bis(oxazaborolidinones)
(*yamaguchi University) OMichio Yoshioka,! Takaki Nojiri,* Takashi Nishikata®

Oligo(phenylenevinylene) (OPV) can be effectively constructed with high sequence precision
by iterative cross-coupling of B-protected bifunctional haloboronic acids. B(MIDA)* and
B(dan)? are well established in iterative cross-coupling strategies, combining high stability
under cross-coupling conditions with facile deprotection. However, their preparation generally
requires multistep syntheses, posing a limitation from a practical standpoint. To address this
limitation, To address this limitation, we developed oxazaborolidinone (OxB) as a new class of
masked boronic acid suitable for iterative coupling processes., enabling direct access to alkenyl
OxB derivatives.

Keywords . cyclic organoboron compounds; reductive borylation; copper-catalyzed reaction;
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1) Gillis, E. P.; Burke, M. D. J. Am. Chem. Soc. 2007, 129, 6716-6717.
2) Noguchi, H.; Hojo, K.; Suginome, M. J. Am. Chem. Soc. 2007, 129, 758-759.
3) Tsuchiya, N.; Nojiri, T.; Nishikata, T. Chem. Eur. J. 2023, €202303271.
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Borylcupration-Enabled Synthesis of 2-Borylstyrene Derivatives from 2-Bromostyrene
Derivatives (Graduate School of Engineering, Kyoto University) OGo Yamagiwa, Kazuhiko
Semba, Tetsuaki Fujihara

Arylboronates are valuable synthetic intermediates for synthesizing drugs and organic
materials via Suzuki-Miyaura cross coupling. Transition metal-catalyzed borylation of aryl
halides has been recognized as an efficient method to provide arylboronates. Among them, the
borylation of aryl halides using copper catalysts is an attractive reaction due to its relative
inexpensiveness and abundance.! However, it is difficult to access arylboronates bearing vinyl
moiety from the corresponding aryl halides because the borylcopper intermediate can
preferentially add to the C—C double bond of the substrate.? In this study, we succeeded in
synthesizing 2-borylstyrene derivatives from 2-bromostyrene derivatives via borylcupration
followed by 1,3-halogen migration® of the alkyl copper intermediate. We also elucidated the
reaction mechanism in detail by control experiments and DFT calculations.

Keywords : Copper Catalyst; Borylation; Borylcopper, Styrene; DFT Calculation
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1) a)Kleeberg, C.; Dang, L.; Lin, Z.; Marder, T. B. Angew. Chem., Int. Ed. 2009, 48, 5350-5354. b)
Yoshida, H.; Takemoto, Y.; Kamio, S.; Osaka, I.; Takaki, K. Org. Chem. Front. 2017, 4, 1215-1219.

2) Laitar, D. S.; Tsui, E. Y.; Sadighi, J. P. Organometalics 2006, 25, 2405-2408.

3) a) Grigg, R. D.; Van Hoveln, R.; Schomaker, J. M. J. Am. Chem. Soc. 2012, 134, 16131-16134 b)
Van Hoveln, R.; Hudson, B. M.; Wedler, H. B.; Bates, D. M.; Le Gros, G.; Tantillo, D. J.; Schomaker,
J.M. J. Am. Chem. Soc. 2015, 137, 5346-5354.

© The Chemical Society of Japan -E1112-3am-08 -



ET1112-3am-09 A&L2a B1065SE2 (2026)

AR LB TLZILHRR I z—RETILFILRS OO ORN
v T RIE

CRAEKRBEEL) Ok ZJH. FFH EiE, Sk

Copper-Catalyzed Cross-Coupling Reaction of Allenylphosphates with Alkylboranes
(Graduate School of Scienece, Tohoku University) O Hirochika Suzuki, Masahiro Terada,
Azusa Kondoh

Propargyl compounds are versatile synthetic intermediates having a carbon—carbon triple
bond. The Sn2’-type cross-coupling reaction of allenyl electrophiles, such as allenyl halides, is
one of highly promising methodologies for the synthesis of densely functionalized propargyl
compounds. However, due to limited availability of allenyl halides, such cross-coupling
reactions are still underdeveloped. In this context, we investigated the Sx2’-type cross-coupling
reaction using allenylphosphates instead of allenyl halides, which can be readily prepared
utilizing the [1,2]-phospha-Brook rearrangement. As a result, we found that the cross-coupling
reaction of allenylphosphates with alkylboranes efficiently proceeded under copper catalysis,
affording the corresponding propargyl compounds in good yields.

Keywords : Copper Catalysis, Cross-Coupling; Propargyl Compound,; Boron Compound,;
Phospha-Brook Rearrangement

T a VX ALEMINE. SRR BRI FTRE /R IR R - IR FE S EHAE A A A L
AR E L TRO THERTH D, BRER LENT= T 2 VXL EME BT D
BEEOEWFiEmDO—o L LT . "X b7 LoD X ) it ke a9 571
ERAWE SR B0 Ry T TR ETHNE D, L LR, ~al v
BT LV DAFEGMEDIR S S, ZNETICHo BN iThhv T hotz, £
ZCABFIE T, AT L o Y 1] 1,2]-phospha-Brook #ifir 212 K > T
IZAKARER T L=V A7 =— e W SO axh v 7 ) v TRISED
BAFSIZHL D KA T,

SAfhE R L O T, 7V AR A 72— M 1LICxf L, T/ 20k Rk
VEICEVRH LT AXNVRT o3 2RSS, TORE., FT A2 X1
WX ORI C =T VX LVERE A &7 L= LIk AT = — 1 OET S2H o s
0 2Hy F ) TRIENHEIT L, a2 bEY 4 RRIFRINETE SN,

OE(OMe) cat. Cu
2 Base
Ph/\/g' + @ B \/\/\OBn /\/\/\/\OBH
X 0 Ph
1}
1 3 Cj:(OMe)z , ;.,/
9-BBN °
" 0Bn 4T R' r% 1
S\2'-type
2 Cu N
\/A\RZ Cross-coupling

1) A. M. Caporusso et al., J. Org. Chem. 2006, 71, 1902—1910.
2) A. Kondoh, M. Terada, Asian J. Org. Chem. 2023, 12, €202300003.
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Synthesis of Lithium Bis(ortho-carboranyl)cuprate and Its Application to C—C Bond-Forming
Reactions (‘Graduate School of Engineering, The University of Osaka, “Center for Future
Innovation (CFi), Graduate School of Engineering, The University of Osaka) OSeita Kimoto',
Yusei Hisata', Yoichi Hoshimoto'~

o-Carboranyl arenes benefit from carborane's exceptional properties, such as 3D aromaticity
and thermal/chemical stability, and are thus broadly explored for their applications in medicine,
materials, and coordination chemistry. Nevertheless, the reported procedures to form C—C
bonds between o-carborane and aryl iodides required multi-step experiments with poor
reproducibility. Herein, we synthesized and isolated lithium bis(o-carboran-1-yl)cuprate
Li/Cu-1, which enables the preparation of a variety of carboranyl arenes via C—C bond-forming
reactions with (hetero)aryl bromides and chlorides. Isophthalonitrile was found to act as a
ligand for the Li center and to improve reaction efficiency.
Keywords : Carborane; Copper complex; C—C bond formation, Nitriles
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ngyLi Molecular structure of Li/Cu-1
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2. CuCl (0.55 equiv), rt, 12 h N A T
= [Li(thf)] N
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9% AV " Cu-C21.912(2) A
C1-Cu-C2176.73(9)°
One-pot procedure on the > 30 mmol scale w4
Veu-

1) Shi, J;Li, M.;Xu, S.;Chen, M.;Zhang, X.;Zhang, Y.;Wu, L.;Ji, L.Crpst. Growth
Des. 2024, 24, 9440-9446. 2) Qiu, Z. Tetrahedron Lett. 2015, 56, 963-971. 3) Hisata, Y.; Morishita, D.;
Hoshimoto, Y. J. Am. Chem. Soc. 2025, 147, 37677-37687.
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Cu-catalyzed [1,3]-Fluorine Rearrangement Rearrangement
Reactions of N-Fluoroanilines

(‘Graduate School of Science, Tohoku University, *Institute for Excellence in Higher Education,
Tohoku University) O Jaegon Kim,' Mao Suzuki,' Takuma Sato,' Masahiro Terada,' Itaru
Nakamura'~

Keywords: Copper; NHC ligand; Rearrangement; Fluorine; Anilines

Fluoroarenes are valuable structural motifs in pharmaceutical chemistry because fluorine
atoms can enhance drug-like properties such as biological activity and lipophilicity. Among
them, the selective synthesis of ortho-fluoroanilines remains challenging, as achieving
regioselective C—H fluorination is inherently difficult. Electrophilic fluorination of aniline
derivatives typically produces mixtures of ortho- and para-isomers due to activation at both
positions by the amino group, which limits regioselective control.

In our previous studies, cationic copper catalysts bearing N-heterocyclic carbene ligands
were found to promote highly regioselective [1,3]-rearrangements of N-alkoxyanilines,
providing ortho-alkoxyanilines with excellent selectivity.' Inspired by this transformation and
the close relationship between oxygen and fluorine, we envisioned that a similar rearrangement
strategy could be applied to nitrogen—fluorine bonds.

Herein, we report a copper-catalyzed rearrangement of N-fluoro-N-sulfonylanilines 1 that
furnishes the corresponding 2-fluorosulfonanilides 2 in good to acceptable yields under mild
conditions. The reaction proceeds through a site-selective [1,3]-migration of the fluorine atom
from nitrogen to the ortho-carbon of the aromatic ring. This method provides a new and
regioselective approach to ortho-fluoroaniline derivatives distinct from traditional electrophilic
fluorination strategies.

PG\N/F cat. IPrCuBr PG.

cat. AgSbFg NH
‘ X - T F
EWG- [1,3]-Fluorine rearrangement EWG -
= =
1 2

1) a) I. Nakamura, T. Jo, Y. Ishida, H. Tashiro, M. Terada, Org. Lett. 2017, 19, 3059. b) 1. Nakamura, M.
Tachibana, R. Konta, H. Tashiro, M. Terada, Molecules, 2023, 28, 4521. c¢) 1. Nakamura, R. Konta, Y.
Ishida, M. Tachibana, M. Terada, Adv. Synth Catal. 2023, 365, 4677.
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Copper-Catalyzed Hydrodefluorination of Perfluoroalkyl Compounds ('Faculty of Science,
Tokyo Metropolitan University) OKaho Takegahara,' Ryohei Doi,! Shuhei Kusumoto'

Perfluoroalkyl compounds have a wide range of applications. Their exceptional chemical
stability renders them highly resistant to degradation. The development of efficient
defluorination reactions is strongly desired to establish the circular economy of fluorine.” We
have previously reported a nickel-catalyzed hydrodefluorination of perfluoroalkyl arenes using
hydrosilanes.? In reactions using 2-(pentafluoroethyl)naphthalene as a substrate, fluorosilanes
and 2-ethylnaphthalene were obtained in high yields. However, increasing the chain length of
the perfluoroalkyl group resulted in a significant decrease in the yield of fluorosilanes.
Mechanistic studies indicated that alkenes generated via defluorination are important
intermediates. In the present study, aiming at the defluorination of longer-chain perfluoroalkyl
compounds, we found that reaction of alkenes bearing perfluoroalkyl groups with hydrosilanes
in the presence of a copper/N-heterocyclic carbene catalyst afforded fluorosilanes in 87% yield
based on the fluorine content of the substrate. The reaction efficiently proceeded at ambient
temperature.

Keywords: Defluorination; Copper catalyst; Perfluoroalkyl; Hydrosilane; N-heterocyclic
carbene
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ZAWERIGTIX. ZvAay T b aF T 72 Lo NENERTHE LN, L L,
NR=TnFa T VR IVEOHEEZMIETE 7L Ay T U DIERPBRE LT LT,
SRR OFE 5. 7 v T X VAL BT V7 VIS O BEEZRTRATH 5
ZENREEI N,

T ZTAMIZE T, B E L CR—=T A a7 sV EEETHT V7 o2 AT,
LY RE#HOA—=T NI a T LMD 7 v FLOER & B L, fix OWat %
1oty TR GH/N-~T BRI R UIEEE TR, B Ry I b —7 1
FuaTNXNEERT AT NS o EEBFET CRICISE S Z & T, 87T%DYLHIZT
INFua g rongons 2 EERE L,
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1) R. Doi, S. Ogoshi Eur. J. Org. Chem. 2024, ¢202301229.
2) R. Doi, M. Yasuda, N. Kajita, K. Koh, S. Ogoshi J. Am. Chem. Soc. 2023, 145, 11449-11456.
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Steréospeciﬁc Cyanation for the Synthesis of Peptides Containing [2,2-Amino Acids

(!Graduate School of Sciences and Technology, Yamaguchi University) O Yasuaki Ura,!Junta
Matsui,! Tetsuhiro Yamamoto, Naoki Tsuchiya, Toshitaka Okamura, * Takashi Nishikata®

The introduction of bulky, chiral non-natural amino acids into peptide molecules is expected to
enable the creation of peptides with novel functions. However, the stereoselective synthesis of
[32,2-amino acids bearing sterically bulky functional groups remains challenging due to steric
hindrance. Therefore, this study conceived a B2,2-amino acid synthesis strategy using a
cyanation reaction of a-bromocarbonyl compounds as the key step, followed by conversion to
an amine. Specifically, by designing a copper-catalyzed reaction system using cyanohydrin as
the CN source, we achieved stereospecific CN coupling of chiral a-bromocarbonyl compounds
bearing a tert-alkyl group.

Keywords : stereospecific; CN coupling; a-halocarbonyl compounds; peptide; chiral f>*
amino acids
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1) Noda, H.; Shibasaki, M, Eur. J. Org. Chem. 2020, 2350-2361., Weiner, B.; Szymanski, W.; Janssen, D.
B.; Minnaard, A. J.; Feringa, B. L. Chem. Soc. Rev. 2010, 39, 1656—1691.
2) Akagawa, H.; Tsuchiya, N.; Morinaga, A.; Katayama, Y.; Sumimoto, M.; Nishikata, T. ACS Catal. 2022,
12, 9831-9838., Tsuchiya, N.; Yamamoto, T.; Akagawa, H.; Nishikata, T. Angew. Chem., Int. Ed. 2023,
62, €202301343.
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Investigation on dinuclear metal complex catalyzed macrocyclization
(Graduate School of Science, Nagoya University) OXKo Nakashima, Yoshifumi Toyama,
Hideto Ito

Macrocyclic structure is commonly found in natural products and pharmaceuticals.!') In
general, the formation of macrocyclic compounds is achieved by intramolecular cyclization
(macrocyclization) from linear precursors. However, macrocyclization of linear molecules is
entropically unfavorable, and often leads to undesired intermolecular oligomerizations, which
limits applicable substrates and reaction conditions.™

Herein, we report the investigation on catalyst designs for accelerating macrocyclization in
Glaser—Hay coupling. Based on the reaction mechanism that the reaction proceeds via a copper
acetylide dimer intermediate,”’ we envisioned that the use of a dinuclear copper complex can
bring the dual reaction sites into proximity and to suppress undesired intermolecular reactions.
In this presentation, we will present the catalytic effect of using dinuclear metal complex for
Glaser—Hay macrocyclization with substrates possessing terminal dialkynyl units.

Keywords : Glaser—Hay coupling, Copper catalyst, Alkyne, Dinuclear metal complex,

Macrocyclization
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[1](a) F. Liu, X. Min, Tetrahedron lett. 2025, 169, 155760. (b) C. M. Madsen, M. H. Clausen, Eur: J.
Org. Chem. 2011, 3107.

[2] V. Marti-Centelles, M. D. Pandey, M. 1. Burguete, S.V. Luis, Chem. Rev. 2015, 115, 8736.

[3] F. Bohlmann, H. Schonowsky, E. Inhoffen, G. Grau, Chem. Ber. 1964, 97, 794.
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