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Effect of Aryl Substitutions on Optical and Chiroptical Properties of Carbazole-containing
Bisaryl [S]Helicenes ('Graduate School of Engineering, The University of Osaka, *Resach
Center for Environmental Preservation, The University of Osaka) O Sayami Matsumoto,' Zhe
Wang,? Tadashi Mori?

Organic chiral light-emitting materials are attracting attention as next-generation electronics
materials, but it remains challenging to simultaneously achieve high dissymmetry (g) factor
and fluorescence quantum yield (®). Among organic materials, helicenes typically exhibit a
relatively high g values, but their ® values tend to be low. Recent studies have reported that the
g value can be significantly improved by introducing tolyl groups at terminal of [6]helicenes.”
In this study, we introduce aryl groups to carbazole-containing [5]helicenes with intrinsically
high ® value and investigate the substituents effect on optical and chiroptical properties.
Carbazole-containing helicenes 1a—e, with various aryl groups at the 3-position of the terminal
benzene rings, were synthesized as follows (Figure 1). Optical resolution for certain derivatives
was examined and their chiral optical properties were investigated.

Keywords : Carbazole-containing [5]Helicenes, Substituents Effect
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Figure 1. Carbazole-containing bisaryl [5]helicenes.

1) J. Malin¢ik, S. Gaikwad, J. P. Mora-Fuentes, M.-A. Boillat, A. Prescimone, D. Haussinger, A. G.
Campaiia, T. Solomek, Angew. Chem. Int. Ed. 2022, 61, €202208591.
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Synthesis and Chiroptical Properties of 1,1’-Bipyrenes Conformationally Stabilized with

Biaryls (!\Graduate School of Science, Tokyo Metropolitan University, *Graduate School of

Science, Kitasato University) ONoe Baba,> Md Awlad Hossain' Daiki Tauchi,> Masashi

Hasegawa,” Ken-ichi Sugiura'

In recent years, the development of C—C bond-forming reactions has enabled the facile
synthesis of axially chiral compounds, leading to the preparation of a wide variety of new
molecules for diverse research purposes. In this context, freezing of racemization around the
chiral axis is indispensable, and the introduction of bulkiness and rigidity is required. In the
present study, we focused on bipyrene as an axially chiral scaffold and planned to stabilize its
stereochemistry by capping it with another biaryl unit. Specifically, cyclic compounds 1 were
designed and synthesized. Compounds 1 were obtained from biaryls 2 bearing bromines at the
ortho-positions. Pyrene units were introduced, followed by an intramolecular oxidative C—C
bond-forming reaction to afford 1. Optical resolution of 1 was achieved using preparative
HPLC equipped with a chiral column. The stereochemistry was assigned by comparing the
experimental circular dichroism spectra with simulated spectra obtained from theoretical
calculations. Owing to their intense fluorescence, these compounds were also subjected to
measurements of circularly polarized luminescence.

Keywords : Axial Chirality; Pyrene; Circularly Polarized Luminescence
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Chiral induction properties of m-conjugated polymers using planar-chiral cyclophanes
containing carbazole (' Graduate School of Science, Kitasato University) O Aika Inoue,' Daiki
Tauchi,' Masashi Hasegawa'

Circularly polarized luminescence (CPL) from chiral n-conjugated compounds has attracted
considerable attention for applications in organic light emitting diode (OLED) exhibiting CPL
characteristics. In recent years, CPL materials showing high dissymmetry factors (g-values)
have been reported by doping chiral compounds into achiral polymers. In this study, we focused
on [2.2]paracyclophane ([2.2]PC) and synthesized carbazole-substituted derivatives 1a and 2a
(Fig. 1). Molecules with identical substituents at two or four positions of [2.2]PC exhibit planar
chirality and characteristic chiroptical properties. After optical resolution, these compounds
exhibited chiroptical properties derived from the carbazole units in CH>Cl, (|gum| = 4.7-7.7 x
10™). In contrast, thin films were prepared by doping the compounds into the m-conjugated
polymer F8BT ([Poly[(9,9-dioctylfluorenyl-2,7-diyl)-alt-(benzo[2,1,3]thiadiazol-4,7-diyl)]])
with varying doping concentrations. The CPL spectra after annealing showed a significant
enhancement of the g-values, with the maximum values observed at 9wt% for 1a and 3wt% for
2a (|gum| = 0.96-1.0 x 107%). The details of these results will be presented.

Keywords : Chirality; Circularly polarized luminescence; Cyclophane; Carbazole,; Circular
dichroism
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Circularly polarized fluorescence and phosphorescence in D-A type achiral binaphthyl
(‘Graduate School of Science, Kitasato University) OMiku Mizoe,' Yuki Nojima,' Daiki
Tauchi,' Masafumi Ueda,' Yasuhiro Mazaki,! Masashi Halsegawal1

Introducing donor and acceptor units into an axially chiral binaphthyl may be observed
circularly polarized luminescence (CPL) properties based on intramolecular charge transfer
(ICT) emission. By using such CPL materials as a light source, an organic light emitting diode
(OLED) that directly emits circularly polarized light can be achived, raising expectations for
optical materials involving circular polarization. However, the correlation between molecular
structure and chiroptical properties remains unclear. In this study, we investigated the effects
of donor structures introduced into an axially chiral binaphthyl on the electronic states and
chiroptical properties. Compounds 1 and 2 were synthesized by introducing carbazole or 9,10-
dihydro-9,9-dimethylacridine as donors and a cyano group as an acceptor into the axially chiral
binaphthyl. The target compounds were synthesized in five steps from chiral 7.7’-
dibromobinaphthyl derivatives. Their structures and optical properties were investigated.
Fluorescence and CPL spectra were measured at room temperature, revealing a red shift
dependent on solvent polarity, with a component originating from ICT character observed.
Furthermore, measurements at low temperatures revealed phosphorescence and circularly
polarized fluorescence and phosphorescence.

Keywords : 1,1°-Binaphthyl; Axial Chirality; Chiroptical Properties; Circularly Polarized
Fluorescence, Circularly Polarized Phosphorescence
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Design and Synthesis of m-Exposed Helical Nanographene for Single-Molecule Junction
(Institution of Science Tokyo') OKanato Takahashi,'! Shintaro Fujii,! Futo Morita,! Juntaro

Nogami,' Yuko Kishida,! Haruki Goto,' Ryota Shimizu,' Tomoaki Nishino,' Hidehiro Uekusa,'
Ken Tanaka,'

Single-molecule junctions of heterohelicenes have been actively studied, motivated by
theoretical predictions of excellent mechanical responsiveness in conductance and
thermopower. However, experimental verification has remained elusive because single-point
contacts between an Au substrate and heteroatoms do not provide sufficient adsorption. In this
work, we design a partially n-exposed helical nanographene 3 that possesses both a shielded =-
surface with tert-butyl groups and an exposed m-surface with hydrogen atoms. This design
enables robust adsorption on the Au substrate via multipoint m—metal interactions. We
successfully synthesized the helical nanographene 3 via Ni-mediated [2+2+2] cycloadditions
of nonayne 1, followed by stepwise Scholl reactions. This molecule forms a dense monolayer
on the Au substrate at room temperature. Furthermore, we demonstrate enhanced conductance
and thermopower in response to mechanical compression using break-junction methods.

Keywords : helicene; nanographene; Single-Molecule Junction;, 7z conjugated plane;
supramolecule interaction
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Enantioselective synthesis of twisted cyclophanes by rhodium-catalyzed [2+2+2]
cycloaddition (!School of Materials and Chemical Technology, Institute of Science Tokyo)
OYuki Hirano,' Juntaro Nogami,' Yu Sato,! Chihiro Maeda,' Ken Tanaka'

Chiral cyclophanes exhibit attractive properties, such as tunable emission wavelengths,
distinctive chiral behavior, and good solubility arising from curved mn-surfaces. A variety of
asymmetric syntheses involving planar and central chiralities have been developed. However,
all previous works of twisted cyclophanes were racemic syntheses, and strategies for designing
and asymmetrically controlling the twist remain unexplored. Previously, we have reported the
highly enantioselective syntheses of chiral cyclophanes by rhodium-catalyzed [2+2+2]
cycloaddition. In this work, we achieved the first asymmetric synthesis of a twisted cyclophane
via rhodium-catalyzed [2+2+2] cycloaddition. We also investigated its structural and
chiroptical properties.

Keywords : Cyclophanes; Asymmetric synthesis; [2+2+2] cycloaddition; Chirality; Rhodium
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Synthesis and Physical Properties of Ullazine-Based Double Diaza[5]Helicene (Graduate
School of Science and Engineering, Toyo University) O Takumi Motohashi, Koki Kasuya,
Susumu Oda

Ullazines are nitrogen-containing polycyclic aromatic compounds with 167 electrons, which
have isoelectronic structure of pyrene. They have attracted significant attention as organic
electronics such as organic semiconductors and organic solar cells due to their excellent
photophysical properties based on the strong intramolecular charge transfer properties.
Meanwhile, multiple helicenes, which contain multiple helical substructures within a single
molecule, have garnered significant interest due to their unique three-dimensional architectures
that give rise to multidimensional intermolecular interactions. However, despite these attractive
features, reports on m-conjugated compounds incorporating an ullazine unit, particularly within
a helicene framework, remain limited due to the lack of suitable synthetic methods. In this
study, we developed imide annulation reaction to synthesize ullazine-based double
diaza[5]helicene. The synthetic details and the physical properties will be reported in this
presentation.

Keywords : Ullazine, Imide; Helicene
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1) Cebrian, C. J. Mater. Chem. C, 2018, 6, 11943.

2) (a) Ito, S.; Nozaki, K. et al. Chem. Commun. 2015, 51, 221. (b) Feng, X.; Miillen, K. et al. Chem. Sci.
2015, 6, 436. (c) Morin, J.-F. et al. J. Mater. Chem. C, 2019, 7,3015. (d) Gao, G. et al. Chin. Chem. Lett.
2021, 32, 1407.
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Synthesis and Properties of Oxygen-Bridged Triphenylamine-Type Radical Cation Salts with

Curved n-Conjugated Systems (Graduate School of Engineering Science, The University of
Osaka) OMasato Takubo, Jun Takaya, Shuichi Suzuki

We have designed and synthesized oxygen-bridged triphenylamine-based radical
cation salts 17*NTf,” and its structural isomers 27*NTf,” and 3™eNTf,~. These
compounds exhibited high stability in solution even under ambient air conditions. ESR
and UV-vis-NIR measurements revealed that the electronic spin structures of these
radical cations depend on differences in the curved molecular structures induced by the
benzo-fused positions. In particular, radical cation salt 1"sNTf,~ was found to exhibit
environment- and stimulus-responsive absorption in visible and NIR regions. These
findings indicate that the curved geometry plays a key role in the emergence of its
stimulus responsive properties.

Keywords : Curved n-Conjugated System, Oxygen-Bridged Triphenylamine, Radical Cation,
Benzo Fused Structure
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Synthesis of Heteroatom-Containing Cyclic Azahelicenes (Department of Chemical Science
and Engineering, Institute of Science Tokyo) OKoichi Miyasaka, Juntaro Nogami, Ken Tanaka,
Chihiro Maeda

Helicenes are molecules featuring a twisted structure where multiple aromatic rings are fused
in the ortho position. They exhibit unique optical properties such as circularly polarized
luminescence (CPL), making them promising candidates for next-generation optical materials.
In particular, helicenes containing heteroatoms such as nitrogen or boron are known to exhibit
diverse physical properties due to changes in their structures and electronic states. Previously,
we developed a variety of CPL-active azahelicenes based on n-extended carbazoles.!? Inspired
by the cyclic carbazole trimers containing heteroatoms reported by Higashibayashi et al.,* in
this study, we synthesized cyclic azahelicenes with a heteroatom inside the cavity and evaluated
the chiral optical properties of the resulting compounds.

Keywords : azahelicene, circularly polarized luminescence, chirality
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[1] C. Maeda, K. Nagahata, T. Shirakawa, T. Ema, Angew. Chem. Int. Ed. 2020, 59, 7813—7817.
[2] C. Maeda, T. Ema, Chem Commun. 2025, 61, 4757—4773.
[3] K. Yamamoto, P. Pandit, S. Higashibayashi, Chem. Eur. J. 2017, 23, 14011-14016.
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Development of Nitrogen-Containing n-Conjugated Molecules via a Novel Ring-Fusion
Reaction for the Synthesis of Curved n-Conjugated Systems (Graduate School of Human and
Environmental Studies, Kyoto University) OYuto Shiono, Satoru Hiroto

Among nitrogen-containing polycyclic aromatic hydrocarbons, tetraazapentacenes are
expected to have non-aromatic character in their structural frameworks, resulting in a narrow
HOMO-LUMO gap. However, synthetic examples remain limited, and only one example has
been reported for tetraazapentacene derivatives bearing aryl substituents at the 5,12-positions."
In this study, we found that tetraazapentacenes can be synthesized via reductive transformation
of N-substituted p-phenylenediamine derivatives. Compound 1 was first prepared, followed by
reduction of the nitro groups using Pd/C and NaBHa in a dichloromethane/methanol solvent
system. Subsequent treatment with a Lewis acid successfully afforded compound 2. The
obtained product exhibited a reddish-purple color in toluene solution and showed a maximum
absorption at 554 nm. Furthermore, red emission was observed. In this presentation, we report
the details of the reaction, as well as the molecular structure and physicochemical properties of
the product.

Keywords : structural organic chemistry, w-conjugated molecules; heteroatoms; azapentacene
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Scheme 1. Tetraazapentacene D7 > 7R » M AR,
1) S.Roy, S. Goswami, M. Sinan, P. Ghosh and S. Goswami , J. Org. Chem. 2012, 77, 10249.
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Synthesis of a diindenochrysene derivative with intramolecular charge transfer ('Faculty of
Integrated Human Studies, Kyoto University, >Graduate School of Human and Environmental

Studies, Kyoto University) (OKeita Watanabe!, Satoru Hiroto?

Diindenochrysene is a bowl-shaped molecule synthesized in relatively early days, and has been
studied as a model molecule of fullerene. Introduction of intramolecular charge-transfer interaction
(ICT) to diindenochrysene should uncover the effect of a curved structure on ICT. However, such
molecules have not been reported to date. Recently, our group reported a novel synthetic method of
diindenochrysene by continuous annulation of alkyne.

This time, we report the synthesis of a diindenochrysene derivative with ICT by using this method.
Compound 3a and 3b was obtained by the palladium catalyzed coupling with alkyne (Scheme 1).

Keywords : Buckybowl, Diindenochrysene, Intramolecular charge transfer
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Synthesis and Optical Properties of 1,4-Cyclohexadiene Derivatives with Intramolecular
Through-Space Interaction (!Tokyo University of Science) O Shota Furuyama,! Ken
Yamanomoto,' Kohei Endo'

n-conjugated molecules based on aromatic rings have been widely studied for functional
materials. In contrast, intramolecular through-space conjugated molecules are emerging, but
still under-explored and available scaffolds remain limited. We previously reported that
tetraaryl-substituted 1,4-cyclohexadienes exhibit visible light emission in both solution and
solid states via intramolecular homoconjugation. In this study, we aimed to modulate their
fluorescence properties by extending the m-system of the aryl substituents. Specifically,
derivatives b-1-6 were synthesized via the Sonogashira coupling of compound a with various
aryl acetylenes (Fig.1). Optical measurements in chloroform solution (1.0 X 10 M) and the
solid state revealed that these extended systems exhibited bathochromic shifts in fluorescence
spectra, along with improved quantum yields compared to the parent compound (Fig.2).
Keywords : through-space interaction, dual-state emission; 1,4-cyclohexadiene
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Hexa-ortho-Chalcogenated Triphenylboranes: Synthesis, Structures, and Stereochemistry
(‘Integrate Research Consortium on Chemical Sciences (IRCCS), Nagoya University.
“Department of Chemistry, Graduate School of Science, Nagoya University. *Institute for
Materials Chemistry and Engineering, Kyushu University. *Institute of Transformative Bio-

Molecules (ITbM), Nagoya University.) OTatsuya Mori,' Yuto Nakano,” Yuuya Kawasaki,’

Katsuhiko Tomooka,’ Shigehiro Yamaguchi'**

Triphenylborane-based m-conjugated systems generally require steric protection at the
boron center by introducing substituents, such as methyl groups, onto the ortho positions of the
phenyl groups. In recent years, introducing o-heteroatom-substituted phenyl groups at the
boron center has been reported as novel molecular designs, providing various functionalities
beyond simple enhancement of the stability. In this study, we designed and synthesized
triarylboranes in which all six ortho-positions are substituted with chalcogen atoms such as
sulfur and selenium. Steric congestion arising from the chalcogen atoms rigidifies the
propeller-like conformation of the triaryl skeleton, effectively inhibiting stereoinversion and
enabling optical resolution into the corresponding enantiomers. In addition, multiple chalcogen
intermolecular interactions concertedly occurred to induce one-dimensional self-organization
of the molecules, resulting in the formation of columnar packing in the crystalline state.
Keywords : Boron; Chalcogen; Heteroatom interaction,; Stereochemistry, Chirality
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Borate Anions Enabling Intense Solid-State Emission in Cationic n-Systems ('Graduate
School of Science, Nagoya University, *Institute of Transformative Bio-Molecules (IThM),
Nagoya University, *Integrated Research Consortium on Chemical Sciences (IRCCS), Nagoya
University) OYuya Oshima,' Masahito Murai,' Shigehiro Yamaguchi'*?

Fluorescent molecules, which exhibit strong emission in dilute solutions, often suffer from
self-quenching of emission under high-concentration conditions or in the solid state, where
intermolecular interactions significantly reduce their emission efficiencies. This represents one
of the major obstacles for developing solid-state luminescent materials and device applications
under high-concentration conditions, highlighting the requirement to establish molecular
design concept to overcome this limitation. In this study, we aimed to develop a novel strategy
for achieving intense emission in condensed phases by introducing charge-separated structure
into the dye skeleton and exploiting intermolecular interactions between ionic species. We
focused on the weakly coordinating anion, [B(3,5-(CF3),C¢H3)4]", and synthesized a bulkier
analogue. By employing this anion as a counter anion to modulate interactions among the
cationic m-conjugated skeletons, we successfully achieved solid-state emissions with high
quantum yields.

Keywords: Borate anion; Fluorescence; Cationic dye; Solid; lon pair interaction
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Figure 1. A design strategy to achieve intense solid-state emission by modulating intermolecular
interactions of cationic fluorescent molecules.
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Synthesis and Properties of Boron-Bridged Chichibabin’s Hydrocarbon (' Graduate School of
Science, Nagoya University, *Integrated Research Consortium on Chemical Sciences (IRCCS),
Nagoya University, *Institute of Transformative Bio-Molecules (ITbM), Nagoya University)
OYoshiharu Sano,' Tatsuya Mori,> Shigehiro Yamaguchi'**

Tricoordinate boron-containing m-electron systems exhibit intriguing photophysical and
redox properties due to the vacant p orbital of the boron atom. In addition, when incorporated
at an appropriate position, boron can also stabilize organic n-radicals. For example, planarized
trityl radicals containing a boron atom show greater stability than their boron-free
counterparts.? In this study, we introduced boron atoms into Chichibabin’s hydrocarbon,
which is known for its unique electronic structure arising from both closed-shell and open-shell
forms. The ESR spectrum displayed a signal corresponding to a thermally excited triplet state,
indicative of appreciable diradical character. The molecule exhibits absorption and emission
maxima in the near-infrared region, representing a pronounced red shift compared with
previously reported Chichibabin’s hydrocarbon analogues. Furthermore, cyclic voltammetry
revealed that all redox processes leading to the corresponding cation/dication and anion/dianion
species are reversible.

Keywords : Boron; m-Electron systems,; Chichibabins hydrocarbon; Open-shell character,
Photophysical properties
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1) S. Yamaguchi et al., J. Am. Chem. Soc. 2017, 139, 14336-14339.

2) K. J. Fujimoto, T. Yanai, S. Yamaguchi et al., Angew. Chem. Int. Ed. 2022, 61, €202201965.

v Open-shell character

© The Chemical Society of Japan -E1121-3pm-15 -



