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Development of Luminescent Materials Based on Boron
Complexes with T-Extended 9-Hydroxyphenalenone Ligand

(Graduate School of Engineering, Kyoto University) OYuga TARUMI, Yuto AOYAMA,
Shunichiro ITO, Kazuo TANAKA

Keywords: Group 13 Complex; Emission; Boron; Intermolecular Interactions;
n-Conjugated Molecules

Four-coordinate boron complexes with m-conjugated ligands are known to exhibit
excellent optical and electronic properties with high chemical stability, such as highly
efficient luminescence, electron-accepting ability, and stimuli-responsive emission. On the
other hand, polycyclic aromatic hydrocarbons (PAHS) exhibit strong intermolecular
interactions owing to their high planarity. It has been demonstrated that controlling these
interactions is essential for developing molecules and polymers with advanced
optoelectronic functions. Therefore, boron complexes with PAH ligands are expected to
show highly environment-responsive photophysical and electronic properties. However,
there are still much room for developing these classes of complexes.

In this research, 9-hydroxyphenalenone (HP) has been investigated as one of the
promising PAH ligands. It can be assumed that the boron HP complexes could show
excellent environment-responsive luminescence stemming from the extended =n-plane and
extremely high electron acceptability. However, the photophysical properties have not been
reported in detail. Herein, we synthesized two HP boron complexes with different
substituents on the boron atom (HPBF and HPBC¢Fs, Figure 1a), and evaluated their
photophysical properties in dilute solution and solid state. Importantly, HPBF exhibited
exciplex luminescence in solutions originating from the interactions with aromatic solvent
molecules. It was confirmed that the luminescence band shifted to the longer wavelength
region as the electron-donating ability of the solvent molecules increased (Figure 1b).
Furthermore, in the solid state, HPBF exhibited broad luminescence in the significantly
longer wavelength region (Figure 1c). In contrast, HPBC¢Fs hardly showed such dramatic
environment-dependent luminescence. Thus, it was demonstrated that the intermolecular
interactions which are responsible for the responsiveness can be controlled by modifying
the substituents on the boron atom.
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Figure 1. (a) Structures of HP complexes. (b) Normalized emission spectra of HPBF in each solvent/CHCIl3
(99:1 v/v, 1.0 x 1073 M). (c) Normalized emission spectra of HPBF in the solid state.
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Synthesis of cyclic metal complexes with boron-containing m-conjugated compounds
(‘Graduate School of Engineering, Nagoya University, *Institute for Advanced Research,
Nagoya University, *Tokyo University of Science)) OMasaki Sugino', Hideaki Takano'?,
Yoshitaka Tsuchido®, Hiroshi Shinokubo'

Boron-containing m-conjugated compounds exhibit unique photophysical and
electrochemical properties derived from the electron-deficient nature of boron, which is widely
utilized in various research fields such as bioimaging probes and organic semiconductors. 7-
Extended boron-containing m-conjugated compounds are expected to display near-infrared
light absorption and emission properties. In this study, we investigated the combination of
boron-containing n-conjugated compounds and transition metal complexes, targeting to induce
characteristic physical properties through the interaction between the d-orbitals of transition
metals and the m-electrons of boron-containing m-conjugated compounds. We successfully
synthesized cyclic metal complexes from boron-containing n-conjugated compounds with
transition metal complexes. In this presentation, we will discuss the detailed synthetic methods
of the cyclic metal complexes, their physical properties, and their applications.

Keywords -Boron-containing w-conjugated compounds, Fluorescent dyes, Metal complexes,
Cyclic compounds
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Room-temperature Ferromagnetism of a Naphthalene-based o-Delocalized Diradical

(! Department of Chemistry, Graduate School of Science and Engineering, Saitama University)
(OTaichi Tanaka,! Hiromi Taniguchi,! Masaichi Saito'

Organic ferromagnets have long been intensively investigated, and their Curie temperatures
have generally been less than several tens of kelvins. Very recently, organic molecules
exhibiting room-temperature ferromagnetism have been reported; however, compounds of this
type are limited to radical polymers and highly planar n-conjugated molecules.

In this study, we have found that 5-delocalized diradical based on an octasulfanylnaphthalene
framework exhibits room-temperature ferromagnetism, providing a new mechanism for
ferromagnetism by c-delocalized electrons.

Keywords : o-delocalized diradical; room-temperature ferromagnetism; naphthalene,; sulfur
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Scheme. 1 Preparation of diradical dication 1. B a0 5 1o 2000
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Reference Figure. 1 Field-dependent
1) X.Li, Y.; Huang, F. et al. Chem 2021, 7, 288. magnetization of dication 1.

2) (a) Yoo, J.-W.; Baek, J.-B. et al. Chem 2018, 4,2357. (b) Phan, H.; Wu, J. et al. Chem 2019,
5,1223. (¢) Zhang, J.; Yao, Y.; Hu, D.; Ma, Y. et al. Adv. Mater. 2022, 34, 2108103.
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Extension of o-delocalized Systems Using Anthracene Platforms ('Department of Chemistry,
Graduate School of Science and Engineering, Saitama University; >Department of Chemistry,
College of Science, Rikkyo University)OSakura Takahashi,' Hiroaki Kobayashi,' Shunsuke
Furukawa,' Mao Minoura,” Masaichi Saito'

Delocalization of electrons is one of the essential phenomena to regulate characteristics of molecules.
It is generally known that HOMO energy levels increase, as pi-delocalization is extended. We have
recently found that the HOMO energy levels composed of a sigma-delocalized orbital arising from lone-
pair interactions of selenium atoms increase, as the number of adjacent selenium atoms increases, when
using a benzene platform.” We herein report on the relationship between the extension of sigma-
delocalization and properties of molecules.
Keywords : o-delocalized system; benzene,; naphthalene,; anthracene, selenium
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Scheme 1. Synthesis of Decakis(arylselenyl)anthracene.

1) Saito, M.; Suzuki, T.; Takahashi, K.; Seko, S.; Furukawa, S.; Ishimura, K. Chem. Lett. 2023,
52,97.
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Synthesis of Tribenzophosphaheptalene Derivatives via Gold(I)-Catalyzed Intramolecular
Hydroarylation (Graduate School of Science, Osaka Metropolitan University) O Akihiro
Komura,! Akihiro Tsurusaki,' Ken Kamikawa'

We have recently investigated the synthesis and properties of phosphorus-containing n-
conjugated compounds with a three-dimensional structure such as phosphindolizine
derivatives.? 7a-phosphabenzo[ef]heptalene is a tricyclic compound composed of one benzene
and two phosphepines, and its derivatives have not been elucidated so far. We report herein the
synthesis of tribenzophosphaheptalenes 1 by utilizing the synthetic method for phosphepine
derivatives via gold(I)-catalyzed intramolecular hydroarylation.? The target compounds 1a—¢
were obtained in 40-85% yield (Scheme 1). The UV-vis absorption spectrum of la in
dichloromethane solution showed a broad absorption with an absorption maximum at 313 nm.
The synthesis and properties of other phosphabenzoheptalenes will also be described.
Keywords : Phosphabenzoheptalene, Hydroarylation Reaction, Gold(l) Catalyst, Alkyne

WMHFFERTIZ, RA T4V RUDUFEEEK Y 2P0E ) v =kt
n LB DGR & WM 298 217> T\ 5, [Ta-FR A
TR [efINTF L] E, RUB UL ZODRRAT = BN
MR LI RBRIED U AMLEMTH D, Al 0Dy N E Ko
7V AERURIZ K B AR AT = B BB 2IEMT 5 Z Lic kY, TaTRRTTAYY
RUNUYIRRAT 7 ~TZ L 1 OERERR LT, U A

TNAT U —)LFEER 2 126350 FNEe Ra 7 U — RISk v . L& 1a—c
% 40-85%DUNR THH7=(Scheme 1), 7 mu A X T, 1la DRI AR A A~
FLZHIE L& Z A, 313 nm (g, 7900) R UAR K, 338 nm (4800)(2J8 %2 A9~ 5 & i
IR 2SI S A7, AR TlE M OFRIE DB R T UOMIMEIC W T H & T 5,

Ph h

P o)
T\ / [AuiAgl (cat) R - -
_add P | _j\/
O DCE Vs r—*
R ‘ R 40-80°C ‘
2a-c 1a (40%; R = R' = Me) ~7
1b (85%; R = OMe, R' = H)
Scheme 1. 1c (40%; R = NPh,, R' = H) la Oy &S

1) a) A. Tsurusaki, H. Matsumoto, K. Kamikawa, Chem. Commun. 2019, 55, 4909-4912.
b) A. Tsurusaki, S. Tahara, M. Nakamura, H. Matsumoto, K. Kamikawa, Chem. Eur. J. 2023,
29, ¢202203321.
2) /IRTERTL, FEAREBA, IR R, MR, 5 70 FIAHEe B ERERS, PA-3S,
(2024)
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Photochemical Properties and Reactivities of 2,7-Diazapyrene Boron Complexes (Graduate
School of Science, University of Hyogo) O Yoshihiko Mizukami, Osamu Iwanaga, Yoshihiro
Miyake

Recently, we have synthesized 2,7-diazapyrene possessing a multidentate coordination cite,
which can form boron complexes, and have reported their fundamental properties. However,
due to their low solubility, their photophysical properties and photochemical reactivities have
remained unexplored. Here, we have designed a novel boron complex by introducing ¢-butyl
groups to the peripheral aryl groups. Introduced #-butyl groups improve solubility and prevent
self-aggregation in solution. Furthermore, based on the photochemical and electrochemical
properties in solution, the redox characteristics of the 2,7-diazapyrene boron complex in both
the ground and excited states were estimated. Additionally, we confirmed that a photoreaction
proceeds between the singlet excited state of the boron complex and amines.

Keywords : 2,7-diazapyrene, boron complexes
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[1] Nakazato, T.; Shinokubo, H.; Miyake, Y. Chem. Commun. 2021, 57, 327.
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Excited-State Behavior of Intramolecularly Stacked B/N-Containing Fused n-Electron Systems

(‘Department of Chemistry, School of Science, Nagoya University, *Integrated Research

Consortium on Chemical Sciences, Nagoya University, *Department of Chemistry, Graduate

School of Science, Nagoya University, *Institute of Transformative Bio-Molecules, Nagoya

University) O Yuto Nakano,' Tatsuya Mori®, Shigehiro Yamaguchi****

Boron- and nitrogen-containing zw-electron systems exhibit attractive photophysical and
electronic properties owing to their electron-accepting and donating characteristics. Beyond
the conventional strategy of directly connecting donor and acceptor units, intramolecular face-
to-face arrangements have recently emerged as a novel design approach. In this study, to further
explore the potential of such intramolecular stacking, we synthesized a series of molecules in
which boron and nitrogen-containing fused n-conjugated moieties are connected via flexible,
non-conjugated linkers. Despite the rigidity of the m-skeletons, X-ray single-crystal analysis
revealed that the boron and nitrogen atoms formed an intramolecular coordination bond in the
ground state. Upon photoexcitation, the B-N bond dissociates' leading to intramolecular
through-space charge-transfer emission. The impact of the fused m-skeletons on the B-N
association/dissociation processes and the resulting photophysical properties was investigated.
Keywords : Boron; Fluorescence; Excited state; Donor—Acceptor
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1) S. Yamaguchi et al., J. Am. Chem. Soc., 2021, 143, 9944
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Synthesis of Boron-Containing n-Extended Azahelicene (Graduate School of Environmental,
Life, Natural Science and Technology, Okayama University) O Chihiro Maeda, Sayaka
Michishita, Issa Yasutomo, Kazuto Takaishi, Tadashi Ema

Intramolecular  oxidative aromatic coupling of  3,6-bis(m-terphenyl-2’-yl)-1,8-
diphenylcarbazole afforded a bis(quaterphenyl)-fused carbazole, which was converted into a
boron-containing n-extended azahelicene. The three-coordinate boron species binds a fluoride
anion via a structural change to the four-coordinate boron species, which was converted back
to the parent three-coordinate boron species with Ag". Thus the chiroptical switch between the
three-coordinate boron and four-coordinate boron species has been achieved via the ion
recognition with the change in the color and gm values.

Keywords : Carbazole, Helicene, Boron, CPL
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1) C. Maeda, K. Nagahata, T. Shirakawa, T. Ema, Angew. Chem., Int. Ed. 2020, 59, 7813.

2) C. Maeda, 1. Yasutomo, T. Ema, Angew. Chem., Int. Ed. 2024, 63, €202404149.
3) C. Maeda, S. Michishita, I. Yasutomo, T. Ema, Angew. Chem., Int. Ed. 2025, ¢202418546.
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