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Synthesis, Physical Properties and Semiconducting Characteristics of All-fused-ring -

Conjugated Molecule Incorporating Indacenodipyrrole Unit ('SANKEN, Osaka University,
2[CS-OTRI, Osaka University) OYukiya Nagata,' Soichi Yokoyama,'? Yutaka Ie'

Organic semiconducting materials that respond to shortwave infrared (SWIR, 1400-3000 nm)
are expected to play a crucial role in the development of SWIR-responsive electronic devices.
However, development of the m-conjugated molecules with sufficient narrow band gaps to
reach SWIR is still behind. Construction of B-N linkages between donor (D) and acceptor (A)
units is one of the effective approaches to achieve narrow band gaps. In this study, we
synthesized and investigated physical properties of indacenodipyrrole-based IDP-FBTz-B and
(IDP-FNTz-B), with B-N linkages between the D and A units. These molecules showed
absorption maximum wavelength at 923 and 1505 nm in chloroform solutions.

Keywords : Organic Electronics, NIR-Absorbing Dyes, Narrow Band Gap, All Fused Ring

Structure,; Organic Semiconductor
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Synthesis, Physical Properties, and Photodetector Characteristics of NIR-II Absorbing

Indacenodipyrrole-based n-Conjugated Molecule (\SANKEN, Osaka University, 2ICS-OTRI,
Osaka University) OHaruki Nishimura,' Soichi Yokoyama,'? Yutaka le'

The detection of the second near-infrared (NIR-II) window is expected to be applied for
biological imaging or night vision. Incorporating boron-bridges between donor (D) -acceptor
(A) structure is an effective approach to obtain narrow HOMO-LUMO gap. In this study, we
designed and synthesized an indacenodipyrrole-based molecule IDP-BR-B with boron-bridges
between D and A units and investigated its physical properties and semiconducting
characteristics. This molecule showed a maximum absorption wavelength at 1193 nm in film.
The photodetector devices based on IDP-BR-B showed typical response to NIR-II light up to
1300 nm.

Keywords : NIR-Absorbing Dyes; Organic Electronics; m-Conjugated Molecule; Organic
Semiconductor,; Photodetector
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Chalcogen-effects on mixed-orbital charge transport in Zigzag-shaped 7 -electron molecules
(School of Materials and Chemical Technology, Institute of Science Tokyo) O Hiroshi
Kajiwara, Masato Mitani, Shohei Kumagai, Toshihiro Okamoto

In view of versatile application and practical use of organic semiconductors, improvement
of charge-carrier mobility is required. Recently, we have proposed the novel molecular design
strategy utilizing mixed-orbital charge transport for high charge-carrier mobility.” It has been
reported that the mixed-orbital effect depends on transfer integrals and energy gaps between
HOMO and molecular orbitals of interests such as second HOMO (SHOMO) and third HOMO
(THOMO).? In this context, we have newly found that mixed-orbital charge transport is
involved in the high mobility material C1o—Th—ChDT.? Therefore, in this study, we focus on
chalcogen substitution of C1«—Th—ChDT as a novel approach for controlling mixed-orbital
effects through the tuning of both transfer integrals and energy gaps. New molecules possessing
oxygen or selenium atoms instead of sulfur in C1.—Th—ChDT were designed and synthesized,
and the selenium-containing analogue (Cio—Th—ChDS) showed the most pronounced mixed-
orbital charge transport capabilities (Fig.1). The details will be discussed in the presentation.
Keywords : Organic Semiconductors; Single Crystals; Field-Effect Transistors;, Chalcogen
Effects
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1) T. Okamoto et al., J. Am. Chem. Soc. 2022, 144, 11159. 2) H. Ishii et al., Jpn. J. Appl. Phys. 2019, 58,
SIIB27. 3) T. Okamoto et al., Adv. Sci. 2018, 5, 1700317.
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Electronic structures and photovoltaic properties of non-fullerene acceptors terminated with 3-
dicyanomethylenebenzochalcogenophene structures ('Graduate School of Science, Tohoku
University, *Riken Center of Emergent Matters; *Advanced Institute for Material Research,
Tohoku University) O Kensuke Shibahashi,! Masato Nakamura,'* Kohsuke Kawabata,'*
Kazuo Takimiya'*?

In the design of A-D-A type non-fullerene acceptors (NFAs), the electron-accepting terminal
groups play an important role in controlling the electronic structures, especially the LUMO.
The widely used IC terminal group (Fig. 1a) can induce large intramolecular charge transfer
(ICT) due to the electron-withdrawing carbonyl and dicyanomethylene groups, resulting in a
narrow bandgap. In this study, we synthesized and evaluated NFAs having terminal groups, BF
and BT, newly designed by replacing the carbonyl group in IC with a chalcogen atom (Fig. 1a),
where the aromaticity on the five-membered ring stabilizes the resonance structure B (Fig. 1b)
with ICT. While the electrochemically estimated LUMO levels of BTP-BF and BTP-BT were
similar to that of BTP-IC, their HOMO levels were higher by more than 0.1 eV, resulting in a
narrower bandgap. As a result, the maximum absorption wavelengths of the NIR absorption
band of BTP-BF (751 nm) and BTP-BT (773 nm) were longer than that of BTP-IC (720 nm).
The device properties of photovoltaics using BTP-BF will also be reported.

Keywords : Non-Fullerene Acceptors; Organic Photovoltaics; Near-Infrared Absorption
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Synthesis and properties of soluble organic semiconductor oligomers having quinoidal
naphthodipyrrolidone (‘Department of Chemistry, Faculty of Science, Tohoku University,
Department of Chemistry, Graduate School of Science, Tohoku University, *RIKEN Center for
Emergent Matter Science (CEMS), *Advanced Institute for Material Research (AIMR), Tohoku

University) OShunnosuke Kurita,' Kohsuke Kawabata,** Kazuo Takimiya®**
n-Conjugated oligomers based on quinoidal electron-acceptor (A) flanked with electron-
donor (D) are common designs for organic optoelectronic materials showing near-infrared
(NIR) absorption. We recently reported that a D-A-D oligomer based on a quinoidal
naphthodifurandione skeleton flanked with oligothiophenes (O4T) exhibited good NIR
absorption and carrier transport properties, but its low solubility was an issue in solution
processes.!') In this study, we designed an isoelectronic D-A-D oligomer (N4T) based on a
quinoidal naphthodipyrrolidone (NDPD) having soluble substituents at the N-positions.
Thanks to the hexyl group on the NDPD core, N4T has 25 times higher solubility than O4T.
N4T shows a similar NIR absorption to that of O4T but with slightly higher HOMO and LUMO
level due to the electrion donating of nitrogen atoms, which resulted in p-type carrier transport
properties. These results indicates that the NDPD skeleton is a suitable unit for soluble hole-
transporting organic semiconductors.
Keywords : Organic semiconductor; Near-infrared absorption,; Quinoid; Electronic structure
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Synthesis and optical properties of doubly diarylmaleimide composed of thiophene derivatives
and pyridine ('Graduate School of Science, Fukuoka University) O Honoka Yamaguchi,'
Ryuta Ishikawa,! Osamu Hayashida,' Takaaki Miyazaki '

Diarylmaleimides are promising organic dyes, and their electronic structures can be tuned
by the introduced aryl groups. Herein, we designed doubly diarylmaleimides 1-3 containing
thiophene derivatives with a pyridine core (Fig. 1). 1-3 have the multimerized diarylmaleimide
structure with the thiophene and pyridine units functioning as an electron donor and an external
stimulus-responsive unit, respectively. The study aims to reveal the optical properties and
proton responsiveness of 1-3. From 2-bromothiophene as a starting material, 1 was prepared in
4 steps, and 2 and 3 were synthesized in 5 steps. To investigate their optical properties, UV-vis.
absorption and fluorescence spectra were measured. Both absorption and fluorescence bands
showed a red shift as the number of thiophenes increased. The results can be attributed to the
extension of the m-conjugated system and the increased electron donation. When
methanesulfonic acid was added dropwise to 1-3, the absorption and fluorescence spectra
changed, indicating proton responsiveness due to the pyridine ring.

Keywords : diarylmaleimide, organic dye
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Fig. 1. Structures of 1-3.
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Synthesis and Photophysical Properties of Vinylene-bridged Benzothiadiazole Dimers
(‘Graduate School of Science and Technology, Nara Institute of Science and Technology)
oSoya Yamasaki,' Ryoko Oyama,' Naoki Aratani'

A benzothiadiazole (BTD) unit is widely utilized as an acceptor in donor-acceptor-type
organic materials for devices and optical applications. Additionally, BTD derivatives
containing heavy atoms exhibit phosphorescence at room temperature.'” In this study, we
explored the novel functional properties of vinylene-bridged BTD dimers by selective synthesis
of cis- and trans-isomers (cis-1 and trans-1, respectively). These structures and crystal packing
were confirmed using single-crystal X-ray diffraction analysis. The optical properties of both
isomers were investigated, showing red-shifts in their absorption and emission spectra due to
extended m-conjugation, as well as cis-trans photoisomerization under ambient light. In this
presentation, we will discuss in particular their phosphorescent properties in comparison with
the corresponding monomers.

Keywords : Benzothiadiazole,; Crystal structure; Photoisomerization, Phosphorescence
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UV-vis absorption and fluorescence spectra
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1) Swager, T. M. etal. J. Org. Chem. 2016, 81, 4789-4796.
2) Ishi-i, T. et al. J. Mater: Chem. C 2023, 11, 3003-3009.
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Synthesis and redox properties of new qumoneazme derivative
(*Graduate School of Science, Kobe University) OMayuri Kimura®, Kazuyuki Takahashi'

Although quinoneazine has been known for a long time, the molecular structure and redox
properties of isolated quinoneazine derivatives have never been reported. In order to
investigate the molecular structure and redox property of an isolated quinoneazine derivative,
we synthesized quinoneazine derivative 1 with t-butyl substituents and studied its crystal
structure and electrochemical properties. The NMR and IR spectra and single-crystal X-ray
analysis revealed that quinoneazine 1 is stable and has a quinoid structure. The cyclic
voltammetry showed two quasi-reversible redox waves. Comparison with other quinone
derivatives revealed that the quinoneazine skeleton provides excellent electron-accepting
properties.

Keywords . quinoneazine, electron accepter
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2,6-di-tert-butylphenol Z 5k} & L, 5 BERE D B THITER
EOVE Frsy 7y~ P iFEkeamiL, DpQ ¢ il ML

E ﬂﬂ“é é:f 1 %/\Eﬂzw_o IH NMR A2 M/f7 (E/V vs. FofFc’)

1 2
_ Eio "Eip 4E

LR B S AW AN 1624 cm™ CTEUAI S iu7- 2 & Bk 2 117 -131 014
il X RS CRE A BN b= Z &b 1I1EFig. 3 -1.13 -150 0.37

LR TH /A FiEEE D2 el olz, 427U AE='Ey—Eip

v 7RG AR Y —TIIHE RN 2R O ORI ITE A L D 1L (Table 1), A F /1~
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1) N. Ruiz del Arbol et al., Angew. Chem. Int. Ed. 2018, 57, 8582.
2) D. Tomerini et al., Phys. Chem. Chem. Phys. 2015, 17, 8604.
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Construction of bifuran moiety by homocoupling reaction and its structure

(Gunma University ' + Facult. Sci. tech., Gunma Univ? + GUCFW ?)

OSota Watanabe' - Tatsuya Wasano® - Toyokazu Tsutsuba® + Yuya Tachibana®?® - Kenichi
Kasuya®?

A bifuran moiety, which is converted from inedible biomass, has perfectly planar and rigid
structure due to the dihedral angle between furan rings (180°). As a result, the bifuran moiety
can be a building block for polymers to enhance thermal and mechanical properties and endow
optical and electronic properties. We developed a synthetic method to construct the bifuran
moiety via the Ullmann homocoupling with n-BuLi and CuCl,. In this study, we optimized the
synthetic method and carefully examined the byproduct. The optimized condition for the
synthesis of 3 is 0.25 M concentration of 2 using 2.65 M n-BuLi at —78°C for 24 h. The
deuteration reaction of lithionated 2 suggested the generation of isomers as byproducts.
Furthermore, we report the synthesis of other bifuran derivatives and their single crystal X-ray
analysis.

Keywords : biomass, bifuran moiety; Ullman coupling, furfural
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1) Y. Tachibana, K. Kasuya; Bio-based polymers synthesized from furan derivatives, In Biopolymers,
Eds.; V. Sessini, et al., Elsevier, 2023.
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Synthesis and properties of 5-, 6-, 7-membered rings-fused n-extended BODIPY's on the zig-
zag edge ('Graduate School of Engineering, Nagoya University, * Institute for Advanced
Research, Nagoya University) OKeita Suzuki,' Hideaki Takano,"* Hiroshi Shinokubo'

BODIPYs have attracted significant attention for their characteristic photophysical properties
such as high fluorescence quantum yields. In addition, the BODIPY core can be easily modified
to allow fine-tuning of their properties. In recent years, considerable effort has been devoted to
controlling the properties of BODIPYs by m-extension. However, there are relatively few
reports of n-extended BODIPY's on the zig-zag edge including the meso position. In this study,
we have performed a zig-zag edge m-extension of BODIPYs by Lewis acid-catalyzed
intramolecular cycloisomerization. We have succeeded in synthesizing a fused BODIPY with
two consecutive 7-membered rings. We have also achieved the synthesis of a fused BODIPY
with 5-, 6-, and 7-membered rings on the zig-zag edge. In this presentation, we present the
synthetic method, single crystal X-ray structures, and photophysical properties of these fused
BODIPYs.

Keywords : BODIPY, & extension, cycloisomerization reaction, Lewis acid catalyst
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1) F. Ohashi, H. Takano, H. Shinokubo, Chem. Commun. 2024, 60, 12892—12895.

© The Chemical Society of Japan - [F12203-2am-10 -



[F]2203-2am-11 AALSa H1055SE2 (2025)

510,20- k1) 7)) —JL-5A5-OFHRILT ) an)L FEERDE
R & ¥tk

CErERE) O&+ k- (REF Hi
Synthesis and physical properties of cobalt complexes of 5,10,20-triaryl-5,15-diazaporphyrin
(Faculty of Science, Niigata University) OMomo Kaneko, Yoshihiro Matano

We previously reported the synthesis, structure-property relationship, and reactivities of
cobalt complexes of 5,10,15,20-tetraaryl-5,15-diazaporphyrin (ArsDAPCo). In this study, we
established a new method for the synthesis of cobalt complexes of 5,10,20-triaryl-5,15-
diazaporphyrin (Ar;DAPCo) via the metal-templated cyclization of the corresponding cobalt—
bis(dipyrrin)s followed by N-dealkylation. Redox potentials of ArsDAPCo were largely shifted
to the negative side compared to the corresponding values of ArsDAPCo. It was found that
axial ligands and peripheral substituents also affected the electrochemical behavior of the Co
complexes. The optical properties of the ArsDAPCo were revealed using various spectroscopic
techniques. Furthermore, the catalytic activities of ArsDAPCo in the Co-catalyzed
intramolecular C—C bond-forming reaction of diazoalkanes were also investigated.

Keywords: diazaporphyrin, redox property, cobalt complex
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1) Y. Satoh, Y. Kudoh, K. Furukawa, Y. Matano, Org. Lett. 2022, 24, 3839-3843
2) K. Sudoh, T. Hatakeyama, K. Furukawa, H. Nakano, Y. Matano, J. Porphyrins Phthalocyanines.
2018, 22, 542.
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Synthesis and Physical Properties of New Dibenzo-5,10,15-triazaporphyrin Derivatives
(Faculty of Science, Niigata University) OKaori Kuwabara, Yoshihiro Matano

Partially meso-modified azaporphyrins have received much attention because they have high
electron-accepting ability and show red-shifted and intensified Q bands. However, the number
of 5,10,15-triazaporphyrins (TriAPs) is quite limited, except for the tetrabenzo-TriAPs. Shimizu et
al. succeeded in synthesizing dibenzo-5,10,15-triazaporphyrins (DBTriAPs) and revealed their
structures and fundamental properties. In this work, we synthesized new DBTriAP freebases
and introduced aryl groups to the pyrrolic-f} positions and a zinc metal to the core, to reveal
electronic effects of the peripheral substituents and central metal on the optical and
electrochemical properties of the DBTriAP m-electron system.

Keywords - triazaporphyrin; optical property; electorochemical property
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1) S. Shimizu, N. Kobayashi, et al. Chem. Commun. 2012, 48, 3851-3853.
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Synthesis and physical properties of new silicon complexes of 5,15-diazaporphyrin
(‘Faculty of Science, Niigata University, *Graduate School of Science and Technology,
Niigata University) OKanta Sasaki,' Yui Murata,” Yoshihiro Matano'

Porphyrins are 18m aromatic macrocycles, and their optical and redox properties have been
widely studied. Substitution of the meso positions with nitrogen atoms is known as a promising
approach to significantly change the physical properties of porphyrin. In this work, we
synthesized silicon(IV) complexes of 10,20-diaryl-5,15-diazaporphyrin (Ar.DAPSiX,; X =F,
OH) from the corresponding freebase and trichlorosilane. We also synthesized silicon(IV)
complexes of 5,10,20-triaryl-DAP (Ar;DAPSIF,) from Ar,DAPSiF, using a copper-catalyzed
N-phenylation reaction. The structures, aromatic character, and optical and redox properties of
these new silicon(IV) complexes were revealed using X-ray crystallography, spectroscopic
techniques, DFT calculations, and cyclic voltammetry.

Keywords: diazaporphyrin, optical property, redox property, silicon complex
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1) Y. Matano, T. Shibano, H. Nakano, Y. Kimura, H. Imahori, Inorg. Chem. 2012, 51, 12879.
2) Y. Murata, K. Sudoh, K. Furukawa, H. Nakano, Y. Matano, Chem Asian J. 2024, ¢202401370.
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Synthesis and photophysical properties of new diphenylanthracene—porphyrin dyads
(Faculty of Science, Niigata University)OYuji Karasawa, Yoshihiro Matano

Triplet-triplet annihilation up-conversion (TTA-UC) is the phenomenon of converting low-
energy light into high-energy light and has been considered to improve the efficiency of various
devices, such as solar cells and artificial photosynthesis. 9,10-Diphenylanthracene (DPA) is
known as an efficient annihilator in the porphyrin-sensitized TTA-UC system. However, little
is known about the effects of distance and orientation between the porphyrin and DPA moieties
on the TTA properties and excited state dynamics. To reveal these effects, we designed a new
dyad consisting of the DPA and OEP-type porphyrin chromophores. The new dyad 3 was
successfully prepared by dehydrative condensation between platinum(Il) complex of OEP-type
porphyrin 1 bearing a hydroxy group and DPA-carboxylic acid 2. The UV-vis absorption and
luminescence properties of 3 and its reference dyes will also be reported.

Keywords : porphyrin; anthracene; luminescence
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1. A. Umemiya, H. Nakano, N. Iwaya, T. Ikoma, Y. Matano, J. Porphyrns Phthalocyanines 2023, 27, 1242.
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Proton-coupled electron-transfer properties of a quadruply-fused porphyrin complex with
coordinating imino-nitrogens at the periphery (Department of Chemistry, Faculty of Pure and
Applied Sciences, University of Tsukuba) OYuma Obata, Risa Nishida, Tomoya Ishizuka,
Takahiko Kojima

Incorporation of heteroatoms, such as nitrogen, into m-conjugated systems of polycyclic
aromatic hydrocarbons has been actively investigated to create new functionality.! We have
reported the synthesis of quadruply fused porphyrins (QFPs),” which are characterized by a
reduced HOMO-LUMO gap and high electron acceptability and are expected to be applied to
organic electronics and catalysis. Herein, we synthesized a QFP derivative with four
coordinating imine nitrogens at the periphery and investigated protonation behavior at the
imine nitrogens to observe stepwise positive shifts of the reduction potentials under acidic
conditions. We also elucidated further protonation of the reduced species bearing increased
basicity. The proton-coupled electron-transfer processes were examined in detail by
electrochemical studies, UV-vis and electron-spin-resonance spectroscopies. The findings will
be discussed in detail.

Keywords: Porphyrin; Ring-fused structure, Heteroatom insertion, Protonation;, Redox
potential
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1) Q. Tan, et al. Chem. Commun. 2016, 52, 537.
2) Y. Saegusa, et al. Phys. Chem. Chem. Phys. 2015, 17, 15001.
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