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Cobalt-catalyzed C-H Borylation of Simple Arenes Activated
through n-Coordination

(‘'RIKEN Center for Sustainable Resource Science) O Akash Tathe,! Yuichiro Mutoh,'
Laurean Ilies'
Keywords: Cobalt catalyst; C—H activation; Borylation; n-coordination; Arenes

Direct C—H functionalization of an organic substrate has the potential to streamline
organic synthesis, but reactive or toxic, expensive metal complexes and sophisticated
ligands are often required. To introduce a new and more general approach, we focused on
n-coordination strategy for the C—H activation and functionalization of simple arenes. This
strategy relies on m-coordination of an arene substrate to a metal center such as chromium,
which decreases the electron density on the arene and facilitates oxidative addition and C—H
activation process.! We demonstrated this strategy for the cobalt-catalyzed C—H borylation?
of electron-neutral and rich simple arenes under mild reaction conditions. Thus, the reaction
of a preactivated simple arene, for example an o-xylene chromium complex with B»(Epin),
in the presence of 2 mol% cobalt catalyst and 3 mol% terpyridine ligand in THF at 80 °C for
15 h provided the borylated arene in 63% yield after demetallation (Scheme 1). Notably,
without coordination to chromium, o-xylene did not react at all under these reaction
conditions, highlighting the importance of activation through n-coordination.

This research is a part of our efforts in using the m-coordination strategy for the
activation of strong bonds for organic synthesis, for example the use of chloroarenes as
substrates for radical coupling reactions.’
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Scheme 1: Cobalt-catalyzed borylation of arenes
1) J. W. Walton, L. A. Wilkinson, Organomet. Chem. 2019, 42, 125-171.

2) N. G. Lednard, M. J. Bezdek, P. J.Chirik, Organometallics 2017, 36, 142—150.
3) M. Nagata, K. Itonaga, Y. Mutoh, K. Endo, L. Ilies, Chem. Lett. 2024, 53, upae233.
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One-pot Synthesis of Azo Compounds from Nitroarenes Using a
Cobalt Catalyst Bearing a Tetradentate PNNP Ligand

(*Graduate School of Materials and Chemical Technology, Institute of Science Tokyo, *National
Institute of Advanced Industrial Science and Technology) O Heng Zhang,! Yumiko
Nakajima'~

Keywords: Azo Compounds; Reduction; Cobalt(I); Tetradentate Phenanthroline-based PNNP
Ligand

Aromatic azo compounds are important chemicals widely used in chemical industry as
organic dyes, colorants, pigments and therapeutic agents. Traditional syntheses of aromatic azo
compounds mainly depend on diazonium coupling reaction. However, this method needs a
complicated reaction protocol, produces explosive intermediates, and generates large amounts
of inorganic wastes. An attracting alternative approach is direct synthesis of aromatic azo
compounds from nitroarenes, although precedent methods often demand excessive amounts of
reductants or using noble metal catalyst.!

In this study, we revealed that direct synthesis of aromatic azo compounds from
nitroarenes could be achieved using PNNP-cobalt catalyst bearing a phenanthroline-based
PNNP ligand (2,9-bis-((diphenylphosphanyl)methyl)-1,10-phenanthroline). The PNNP-cobalt
catalyst can activate 1 atm H, and at the same time bears electron-rich cobalt(I) center, which
efficiently conducts charge electron to substrates.” The properties enable the production of
various azobenzene derivatives using H as a reductant at 80 °C without the need for sacrificial
reagents. The method was applicable for halogenated azobenzenes from 47 to 70% yields,
which are important synthetic building blocks. In addition, 2,2’-dimethylazobenzene and
aliphatic azo compounds, which are difficult to be synthesized via conventional diazonium
coupling reaction, are successfully synthesized in 42% and 59% yields.
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1) E. Merino, Chem. Soc. Rev. 2011, 40, 3835. 2) a) N.-Y. Jheng, Y. Ishizaka, Y. Naganawa, A. Sekiguchi,
Y. Nakajima, Dalton Trans. 2020, 49, 14592. b) N.-Y. Jheng, Y. Ishizaka, Y. Naganawa, Y. Minami, A.
Sekiguchi, K. lizuka, Y. Nakajima, ACS Catal. 2022, 12, 2320.
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(Institute for Materials Chemistry and Engineering, Kyushu University; 2Department of
Molecular and Material Sciences, Interdisciplinary Graduate School of Engineering Sciences,

Kyushu University) OXu Lu,2 Genki Yoshino,? Shiho Inomata,? Yoichiro Kuninobu®-2

We succeeded in the development of site-selective C—H borylation at the remote position (7-position)
of naphthalene derivatives controlled by hydrogen bond between the substrate recognition site of the
catalyst and the functional group of substrates. By changing the catalysts, the site-selective remote C—
H borylation can be achieved using naphthalene derivatives with the functional group at different
positions (1- and 2-positions).

Keywords: Hydrogen Bonding; Remote-Position, Site-selectivity, C-H Borylation; C-H
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Rhodium/Chiral Diene-Catalyzed Stercoselective 1,4-Addition of Arylboron Compounds to
Glycals Derivatives (Graduate School of Science, Osaka Metropolitan University) O Akimasa
Takahashi, Takahiro Nishimura

C-Glycosyl arenes refer to sugar derivatives, whose sugar moiety is connected to an aromatic
ring at the anomeric position via a stable carbon-carbon bond, and the structural motif is
important in organic chemistry, medicinal chemistry, and natural product synthesis. Two
isomers, o- and p-forms, are available for the C-glycosyl arenes based on the
stereoconfiguration at the anomeric position. There have been several reports on the
stereoselective synthesis of a-C-glycosyl arenes based on the substrate specificity from glycals,
which have a characteristic C—C double bond between C1 and C2 in their cyclic form. In
contrast, direct transformation of glycals into B-C-glycosyl arenes is quite limited. Here we
report thodium/chiral diene-catalyzed stereoselective 1,4-addition of arylboron compounds to
glycals derivatives. We succeeded in the synthesis of the B-C-glycosyl arenes by use of the
chiral diene ligand having an appropriate absolute configuration.

Keywords : Rhodium; 1,4-Addition; Glycal

C-7) a7 L—0F, FEMONRERIRF-RFREAIZLSTT /) ~—pLTH
FERICHEA LIEEFEARTHY . 2o F— 713885, BRI, REmE
RICBWTEHETHS, C-Z U as VT L—Alld, T v — L OSAREREE I HS <
afke BIRD 2 SORMKRNTFET D, a-C-7' ) 2LV T L—2DERRIT OV T,
Cl-C2 MIZIRF-RFB _HEAEAEZFHONMIFNETHL 7Y h—inh, £ OREReR
PEIZEE S SERBIRI B RO B EN N o0 D, —F, 7 U B—Lind B-C-7'Y =
VLT L= U SO EEEBRIIBD TRON TS, R#ETIE, P A/FT LY
T Ui E =T U — R a AL B O 7 J — VEREAR A~ O NIRRT 1,4-1F
INBOEIZ DT D RS, U AR E 2 FFOX 7 LU= VB 2 WD Z & T,
K727 V=N IEFFOB-C-7 U a7 L—rDOERRIZERS LTz,

e} -Fc-tfb* 9 O._,Ph
AcO | gathrslon:)cg(s,S) Fo-tfb*)l, (5 mol% Rh)
y + (PhBO), EtN(1.0equiv) .
AcO' CH,Cl, / MeOH (1:1) AcO'

e} 30°C,3h e}

! L 92%, >99% ee

Tetrafluorobenzobarrelene
(tfb¥)

R = ferrocenyl

_____________________________________________

© The Chemical Society of Japan - [F12101-1vn-04 -



[F]12101-1vn-05 A& 10555454 (2025)

A YOO LEERAN=S ) H—IL C-H#HEDOEHERNT LT
IAE RIS

(FBRARBEE)OZ M o, Hh B, Wk JiF

Iridium-Catalyzed Linear Selective Addition of C—H Bond of Glycals to Terminal Alkenes
(Graduate School of Science, Osaka Metropolitan University) OMotoki Tatara, Katsumasa
Tanaka, Takahiro Nishimura

C-glycoside compounds, which have a glycosidic linkage structure with the oxygen replaced
by carbon, are generally resistant to hydrolysis from acids and enzymes. C-glycoside
compounds are applied as medicines like diabetes drugs, and there has been much interest in
the development of efficient synthesis of C-glycoside compounds. One of the methods of
anomeric C—H bond functionalization is the direct transformation of the C—H to a C—C bond
of glycals. Although arylation and alkenylation by using transition-metal catalysts have been
reported, linear-selective alkylation by use of alkenes as coupling partner has been
underdeveloped. Here we report that a hydroxoiridium(I) catalyst coordinated with
diphosphine ligand can catalyze the direct C—H alkylation of glycals, which have an amide
group, with terminal alkenes. The reaction proceeded with high linear selectivity to give the
corresponding adducts in high yields.

Keywords : Iridium; C—H Activation; Alkylation, Glycal
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Iridium-Catalyzed Enantioselective Allylation of a-Ketoesters and a-Diketones
(" Faculty of Science and Engineering, Aoyama Gakuin University, > Faculty of Materials for
Energy, Shimane University) Natsuki Suzuki,' Kana Takahashi,’ Yuta Goto,' Kazunori
Miyashita,' Takahiro Sawano,” Ryo Takeuchi'

Enantioselective allylation of carbonyl compounds has been extensively studied in
asymmetric synthesis. However, enantioselective allylation of 1,2-dicarbonyl compounds has
not been studied. We wish to report enantioselective allylation of oa-ketoesters and o-
diketones with racemic secondary allylic alcohols by the cooperative effect of an iridium/chiral
phosphoramidite catalyst and an acid catalyst. The product could be transformed to
synthetically useful compounds such as chiral heterocycles or a chiral a-amino acid without a
loss of optical purity.

Keywords : Iridium Catalysis;, Enantioselective Allylation; «a-Ketoester, o-Diketone;
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1) Review on Ir-catalyzed allylation; T. Sawano, R. Takeuchi Catal. Sci. Tech. 2022, 12, 4100.
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Iridium-Catalyzed y-Heteroarylation of ao,B-Unsaturated Amides (School of Engineering,
University of Fukui)oShoki Asai, Hirotsugu Suzuki

a,B-Unsaturated carbonyl compounds are widely recognized as key intermediates in
synthetic organic chemistry due to their versatile reactivity. These compounds generally
undergo a nucleophilic addition at the B-position (1,4-addition reactions), which is the most
electrophilic site on the alkene moiety. In contrast, y-selective addition reactions remain
underexplored, with only a single reported example to date. In this study, we proposed a
novel approach for y-selective addition, involving isomerization of the alkene moiety
followed by y-selective heteroarylation under redox-neutral reaction conditions. Herein, we
successfully developed a y-selective addition reaction of indoles to a,B-unsaturated carbonyl
compounds with the assistance of a carboxamide directing group. The preliminary mechanistic
investigations revealed that the reaction proceeds via the isomerization of the alkene moiety,
enabling the y-selective addition.
Keywords: Iridium; Hereroaryl; o,p-Unsaturated Carbonyl Compounds
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1) Wang, Z.-X.; Bai, X.-Y.; Yao, H.-C.; Li, B.-J. J. Am. Chem. Soc. 2016, 138, 14872.
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