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Synthesis of pyrrole-fused BODIPY dyes ('Graduate School of Natural Science and
Technology, Gifu University, *Faculty of Engineering, Gifu University, Center for Science
Research Infrastructure, Gifu University) O Shunsuke Satoguchi,! Kazumasa Funabiki,’
Toshiyasu Inuzuka,® Yasuhiro Kubota?

Furo[3,2-b]pyrrole, thieno[3,2-b]pyrrole and pyrrolo[3,2-b]|pyrrole are known as electron-
rich heterocycle-fused pyrroles. Furo[3,2-b]pyrrole and thieno[3,2-b]pyrrole derivatives have
attracted much attention as a physiologically active substance and a precursor of BODIPY dyes.
Pyrrolo[3,2-b]pyrrole has the most electron-rich structure among the three compounds. Furan-
fused BODIPY dyes are known to show excellent NIR fluorescence. Therefore, these dyes are
expected as NIR fluorescent probe. In contrast, due to the heavy atom effect of the sulfur atom,
thiophene-fused BODIPY dyes have been applied to NIR photosensitizers for PDT. To the best
of our knowledge, pyrrole-fused BODIPY dye is not reported so far. In this conference, we will
discuss the synthesis and photophysical properties of novel pyrrolo[3,2-b]pyrrole derivatives
and pyrrole-fused BODIPY dyes.

Keywords : BODIPY dye; Fluorescence properties,; Pyrrolopyrrole; Near infrared absorption;
Boron complexation
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Boron complexation of norsqualirium dyes and its optical properties ('Graduate School of
Natural Science and Technology, Gifu University, *Faculty of Engineering, Gifu University,
3Center for Science Research Infrastructure, Gifu University) OWakana Oyama,' Yasuhiro
Kubota,? Toshiyasu Inuzuka,’ Kazumasa Funabiki’

Our laboratory has reported that boron complexation of squarylium (SQ) dyes with two
pyrrole moieties improves the fluorescence quantum yield. In this study, nor-SQ dyes having
2,3,3-trimethylindolenines as donor moieties were synthesized and complexed with boron. UV-
Vis-NIR and fluorescence spectra of the obtained nor-SQ dyes in various solvents were
measured and compared with those of the nor-SQ dyes before boron complexation. The
maximum absorption and fluorescence wavelengths were shortened and the fluorescence
intensity was reduced by boron complexation. It also deprotonated in highly polar solvents
such as dimethyl sulfoxide and dimethyl formamide, showing a different behavior. Detailed
optical properties will be presented based on the obtained spectra.

Keywords : Norsqualirium dyes; Boron complexation; Absorption Properties; Fluorescence
Properties
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Optical properties of 10H-pyrido[1,2-a]-5-indolium salts with various anions ('Graduate
School of Natural Science and Technology, Gifu University, *Faculty of Engineering, Gifu
University, *Center for Science Research Infrastructure, Gifu University) OHaruka Suzuki,'
Yasuhiro Kubota,’ Toshiyasu Inuzuka,’ Kazumasa Funabiki?

The 10H-pyrido[1,2-a]-5-indolium salt has a structure consisting of a pyridium ring combined
with an indole (Fig. 1). Although 10H-pyrido[1,2-a]-5-indolium salts with a perchlorate ion
have been reported, no synthesis with other anions and detailed optical properties have been
reported.

In this study, three 10H-pyrido[1,2-a]-5-indolium  salts  with tosylate,
tetrakis(pentafluorophenyl)borate, and triflate as anions were synthesized. The optical
properties of the 10H-pyrido[1,2-a]-5-indolium salts with different anions were further
investigated by measuring UV-Vis and fluorescence spectra. The optical properties of the
synthesized compounds were compared in solution and in powder form, and it was confirmed
that the powder form exhibited stronger fluorescence than those in solutions and AIE properties.
Keywords : organic dye; aggregation-induced emission
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Scheme 1. Synthesis of compound 4a, 4b, 4c¢.
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Fig 1. UV-Vis and fluorescence spectra of compounds 4a, 4b, and 4¢ in CH;CN (3 X 10”° M).
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Synthesis and Optical Properties of Aromatic Ring-Fluorinated 3-Cumalanones via 1,2-
Rearrangement Reaction of Perfluorophenyl Group (!Graduate School of Natural Science and
Technology, Gifu University, *Faculty of Engineering, Gifu University, 3Center for Science
Research Infrastructure, Gifu University) O Yudai Suzuki,! Yasuhiro Kubota,? Toshiyasu
Inuzuka,® Kazumasa Funabiki®

3-Coumaranones have a carbonyl group attached to the 3-position of the benzofuran ring
and have been used as anti-inflammatory and antibacterial agents. However, there are few
examples of synthesis of aromatic ring-fluorinated 3-coumaranones and their use as fluorescent
dyes.

In this study, we found a novel method for the synthesis of aromatic ring-fluorinated 3-
coumaranones using the 1,2-rearrangement reaction of perfluorophenyl group and
intramolecular aromatic nucleophilic substitution reactions. Furthermore, we have synthesized
new donor-acceptor fluorescent dyes by introducing electron-donating substituents into these
aromatic fluorinated 3-coumaranones. The fluorinated D-A fluorochromes with carbazolyl
groups showed fluorescence both in solution and in powder forms. In this presentation, we
report a novel synthesis method of aromatic ring-fluorinated 3-coumaranones and the detailed
optical properties of the obtained aromatic fluorinated fluorophores.

Keywords : 3-coumaranon; 1,2-Rearrangement reaction; Donor-acceptor fluorochromes
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1) G. M. Brooke, B. S. Furniss, W. K. R. Musgrave, J. Chem. Soc. C., 1967, 9, 869-873.
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Effect of chlorogenic acid on lightfastness of organic dyes ('National Institute of Technology
(KOSEN), Nagaoka College) OHibiki Sakaue,' Hisako Okumura!

Chlorogenic acid (5-caffeoylquinic acid, 5-CQA), a polyphenol, is less bioactive than other
polyphenols, and is not many used despite being abundant in nature. On the other hand, photosensitizing
dyes generate singlet oxygen ('0,) when irradiated with light, and this 'O, attacks the dye molecules,
causing the dye to decompose and fade. In order to solve the above problems, in this study, we focused
on the 'O scavenging ability of chlorogenic acid and thought that it might be possible to use it as a
fading inhibitor for photosensitizing dyes. In our previous study, we reported that the coexistence of 5-
CQA in solution could suppress the fading of dyes V. Therefore, this time, we investigated whether the
fading inhibition effect of 5-CQA can be obtained on solid surfaces such as films and powders. The
results revealed that the dye residue after light irradiation was improved in all samples by the addition
of 5-CQA, and the color difference decreased, making it indicate that 5-CQA can inhibit fading on a
variety of solid surfaces.

Keywords : Organic dyes;, Photosensitizing dyes, Caffeoylquinic acid, Photobleaching
suppression
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1) Chlorogenic acids protect organic dyes against self-catalyzed photobleaching. K. Tsuchida et. al., J.
Photochem. Photobiol. A. 2022, 433, 114163.
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Influence of chalcogen elements on the intermediate diradical character of croconaine dyes
with chalcogenoflavylium skeletons ('Graduate School of Engineering, Osaka Metropolitan
University, *Graduate School of Science, Osaka Metropolitan University) O XKohei Ono,!
Takeshi Maeda,' Daisuke Sakamaki,> Hideki Fujiwara,?> Naoya Suzuki,' Shintaro Kodama,'
Shigeyuki Yagi'

Croconaine dyes obtained by condensation of electron-rich heterocycles with croconic acid
have gained attention for their excellent near-infrared (NIR) absorption properties. We
previously demonstrated that croconaine dyes with chalcogenoflavylium moieties exhibit
intermediate diradical character and strong absorption in the region above 900 nm". However,
the impact of chalcogenoflavylium components on their physical properties remains unclear.
In this study, we investigated the effect of chalcogen atoms on the intermediate diradical
character and electronic absorption properties of croconaine dyes featuring flavylium (CRF12)
and thioflavylium (CRTF12) skeletons (Figure). The analyses using variable-temperature 'H
NMR, ESR spectroscopy, and electronic absorption spectroscopy showed that the sulfur atom
increases the contribution of the diradical form to lower the electronic transition energy.

Keywords : Singlet Diradical, Short-Wavelength Infrared, Near-Infrared, Croconaine, Flavylium
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Figure. A resonance structure of present croconaine dyes with intermediate diradical character.
1) /NEFEESE S, B AL FRE 104 FIREFFE (2024), AHFE 5 C442-1am-10.
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Intermediate diradical character and one- and two-photon absorption properties of croconaine
dyes consisting of thiopyrylium with long alkyl substituents (' Graduate School of Engineering,
Osaka Metropolitan Univ., >Graduate School of Science, Osaka Metropolitan Univ.,
3Nanomaterials Research Institute, National Institute of Advanced Industrial Science and

Technology (AIST)) O Yuki Furutani,! Taishi Oka,' Takeshi Maeda,! Daisuke Sakamaki,?
Hideki Fujiwara,> Kenji Kamada,® Naoya Suzuki,' Shintaro Kodama,' Shigeyuki Yagi'

Molecules with intermediate diradical character are known for their excellent two-photon
absorption (TPA) properties due to the contribution of diradical form." Croconaine dye (CR2b)
with thiopyrylium components exhibits intermediate diradical character and shows strong one-
photon absorption (OPA) and TPA in short-wavelength infrared region. However, its low
solubility limits its practical use. Thus, we synthesized croconaine dye (D-CR2b) with dodecyl
groups to improve solubility (Figure). D-CR2b is highly soluble in various solvents. 'H NMR
and ESR spectra of D-CR2b showed temperature-dependent behavior similar to those of CR2b,
confirming its intermediate diradical character. D-CR2b displayed intense OPA at 1060 nm
and TPA at 1395 nm with TPA cross-section of 1100 GM.

Keywords: Croconaine; Diradical; Short-wavelength infrared,; One-photon absorption; Two-
photon absorption
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Figure. Resonance structure of D-CR2b and CR2b.

1) K. Kamada, S. Fuku-en, S. Minamide, K. Ohta, R. Kishi, M. Nakano, H. Matsuzaki, H. Okamoto, H.
Higashikawa, K. Inoue, S. Kojima, Y. Yamamoto, J. Am. Chem. Soc., 2013, 135, 232.
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Synthesis and Thermally Activated Delayed Fluorescence Properties of Novel Quinoxaline-
Based Intramolecular Charge Transfer Dyes ('Graduate School of Engineering, Osaka
Metropolitan University, *Graduate School of Engineering, Osaka Prefecture University) O
Hiroaki Chihara,! Masaki Nagaoka,' Naoya Suzuki,'? Shintaro Kodama,' ? Takeshi Maeda,':?
Shigeyuki Yagi," >

Donor—acceptor (D—A)-type fluorescent dyes with spatially separated highest occupied and
lowest unoccupied molecular orbitals (HOMO and LUMO, respectively) often exhibit
thermally activated delayed fluorescence (TADF) which contributes to improvement of device
efficiencies in organic light-emitting diodes (OLEDs). While electron acceptors with strong
electron-withdrawing resonance effects, such as cyano and sulfonyl functional groups, have
been frequently employed for TADF emitters, relatively limited reports are found for molecular
frameworks with inductive electron-withdrawing groups as the acceptors. In this work, we
synthesized quinoxaline-based D—A-type molecules with 3,6-di-tert-butylcarbazol-9-yl and
trifluoromethyl-functionalized phenyl groups as the donor and the acceptor, respectively (Fig.
I, 1p and 1m) and investigated their TADF behavior. Both compounds showed high
photoluminescence (PL) quantum yields in toluene and poly(methyl methacrylate) film under
nitrogen atmosphere, compared to those under aerobic conditions, and the PL decay showed
the presence of both prompt and delayed emission components. Furthermore, in both of 1p and
1m, the contribution of the delayed emission components increased with an increase in
temperature . These results indicated the present D—A-type molecules exhibit TADF-based PL.

Keywords : Thermally activated delayed fluorescence;, Donor—acceptor dye; Trifluoromethyl
group, Intramolecular charge transfer; Quinoxaline

HOMO & LUMO 23 ZERIIC B S Ve R ——7 7 ——
74— (D-A) MENEAEFRITUIT LT, BUGTEEIES OO
(TADF) %759, TADF %Al L7- OLED ML CAL 2t G
ik U 72 Jihie 1 % fie K 100%FH T X 572, TADF %7~ § %

S BHIE R 2D T D, —MIZ, D-A B! TADF #4 NEY
FICIES T/ 00 & 5 U R 355 < 7R8I s >
FoeTE—RE LTRVBRTEY . BEARICESS Ry ()
B ROMERELZEANLTCEROMEFNIRON D, AF5E 1p: F; RéFR: R?_H
TIEx /Y vaiEgike L, N 7t a A F R 1m:Ry=H, R, = CFy
T L7 7 == Va7 78 72— 9% 1p & 1m  Fig. 1. Chemical structures
(Fig. 1) Z4&H L. 450 TADF Bz >\ TS L7z, of lpand Im.

Ip & 1m T BT, MV UERER D ONTARY A X 7 U JVER A F LRI BV T,
N J:tf\‘(%?%ﬁlmTTmb\%%a?—uﬂ4%/T L7, E£72. FFHFmHlE Tl
ARy YERR oy & BRIEH R A & BB S 4L, FIRIC AW IE 5 YRRy O 75 553 4
RUTzo LEDHFERERNG, 1p & 1m | ié: HIZ TADF % 7R3 2 & AURIB X iz,
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Synthesis and FEmission Properties of Cyanostilbene-based Amorphous Molecular
Fluorophores Possessing Naphthyl Moiety (Muroran Institute of Technology) O Hideyuki
Nakano, Yuito Shimazaki, Rikuya Kurita

Cyanostilbene-based molecular materials have been attracting attentions as fluorophores that
change their emitting behaviors in response to the surrounding environment. In the present
study, we have designed and synthesized novel amorphous molecular fluorophores, 1-DPACN
and 2-DPACN, and investigated their fluorescence properties both in solution and in the solid
states. It was found that 2-DPACN exhibited polymorphism and that the fluorescence
quantum yield and lifetime varied drastically depending on the crystal structure.

Keywords : Amorphous Molecular Fluorophore,; Cyanostilbene,; Polymorphism; Fluorescence
Quantum Yield
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1-3 LT 2-DPACN [, W HAIEDIBIC I VBT TN T 7 AT T A%
L. TNDDH T AEBIEEILENZI 48°C BLV46°C TH -T2,

1-8 XV 2-DPACN @ R L= IR O WU A7 R VIZiE, WL s 400 nm
FHEIC R ERRINAF D& D i, WO A EX TH AT MU E L EE
Lotz ZHUSKH L, 2D DI AT N VTR IR R AF LT Y AR
Mrm Iy 73R LT,

1-33 X Y 2-DPACN (X [EFIRRE (b
RO TENT 7 AR THEN
¥ LT, & <IZ 2-DPACN &, Pt
WRBLTR AT L C EORm RS DI
(G-Crystal, Y-Crystal), W3 FL D dh b
FIFHEU LR EART MLV E 52T 0 . =
(Fig. la,b), BHLERIEWZ LI, Zh b o 450 550 650
HOLHR TR L O AR A T Fig. 1. Fluorescence spectra of 2-DPACN crystalline
RESERDZEDRHLMNIT/2o T, samples. a) G-Crystal, b) Y-Crystal.  Aex: 400 nm.
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Development of Fused-Ring Acceptors for Green-Light Wavelength-Selective Organic Solar
Cells (\SANKEN, Osaka University, 2ICS-OTRI, Osaka University) OYuto Shiono,! Seihou
Jinnai,'? Yutaka Ie'?

We have developed green-light wavelength-selective organic solar cells (OSCs) that are
compatible with crop growth and electric power generation. In this study, we designed and
synthesized a spiro-structured acceptor material (EHTh-SpiroIDT-TzR) with absorption band
in the green-light wavelength region and suitable electron acceptability for combination with
poly(3-hexylthiophene) (P3HT). The thin films of EHTh-SpiroIDT-TzR exhibited an
absorption band between 500~600 nm. OSCs fabricated using EHTh-SpiroIDT-TzR in
combination with P3HT showed typical photovoltaic characteristics.

Keywords : Organic Solar Cells; Nonfullerene Acceptors, Organic Semiconductors, Green-
light Wavelength Selectivity, Agrivoltaics

BTN —TTILRIEMDET & FEZ WL T DRkl RiE IR O KRBT
(0SC) DBAFICE VA TWS N, OSC DOREREIL FF—MEE T 7 v 7 % —kE
DOIRAHEF TR S, AHBRO FF—& L L, HE 500~600 nm Ok = fEi
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BOWTRERERIEEDFE (PCE) 2T I LalE Lz 9, &2 CThLIEERIV
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IR REAH LT
Wi (K 4A), EHTh-
SpiroIDT-TzR % P3HT &
fABDHHET OSC FE 1%
EBLL . F Ok Z 7 EHTh-SpirolDT-TzR . . .
g: 5&&_%‘” E/’j f(ﬁj\ﬂ}ﬂ 'ﬂf'ﬁ—f_j‘qij{: 0 4?f?faveI:r?gthIn?:0 7o
MER LT,
1) S. Jinnai, A. Oi, T. Seo, T. Moriyama, M. Terashima, M. Suzuki, K. Nakayama, Y. Watanabe, Y. I¢,
ACS Sustain. Chem. Eng. 2023, 11, 1548.

2) K. Wang, S. Jinnai, T. Urakami, H. Sato, M. Higashi, S. Tsujimura, Y. Kobori, R. Adachi, A
Yamakata, Y. le, Angew. Chem. Int. Ed. 2024, 63, €202412691.
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Fabrication and characterization of semi-transparent organic thin-film solar cells using novel
p-type polymers containing 7 -extended diketopyrrolopyrrole ('Kindai Univ.) O Taiki
Yamaoka', Tomoki Nishiyama', Naohiro Takahashi', Kento Nakajima', Shogo Nakajima',
Hirotaka Kitoh-Nishioka', Senku Tanaka', Takashi Okubo'

Organic thin-film solar cells, with their light weight and excellent flexibility, have been
attracting attention in recent years as one of the next-generation solar cells. Semi-transparent
solar cells with high transmittance and high efficiency have a wide range of applications, and
semiconductor materials have been developed for them. Diketopyrrolopyrrole (DPP) is a
highly planar dye, and it is also possible to synthesize dyes with extended m-conjugation. In
this study, we synthesized P1-P4 with different donor units as dye-containing polymers using
n-extended DPP derivatives, and organic thin-film solar cells with high average transmittance
were successfully fabricated using P1-P4 and PCBM. Among them, the organic thin-film solar
cell fabricated with P4 showed a conversion efficiency of over 2.0%.

Keywords : Semi-transparent solar cells, Diketopyrrolopyrrole; p-type polymer
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Figurel. novel p-type polymers containing
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Figure2. Transmittance in blend film
of P1-P4 and PCBM
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Liquid electrets based on dibenzo[g,p]chrysene (‘Ryukoku Univ., NIMS, *Hokkaido Univ.)
(OToko Yura,' Akito Tateyarnaz’3, Guo Zhenfeng2’3, Kota Fukuda®?, Tetsuo Iwasawa', Takashi
Nakanishi**

Dibenzo[g,p]chrysene (DBC, CixHis) has attracted much attention due to its twisted m-
conjugated structure of a polycyclic aromatic hydrocarbon. It is expected to be applied to
photo-responsive and electronic materials. In this presentation, we have synthesized two kinds
of DBC liquid compounds functionalized with bulky yet flexible branched alkyl chains at the
2,7,10,15-positions (1) and 3,6,11,14-positions (2) (Fig. 1a). We have investigated the liquid
physical properties utilizing rheology, DSC, density, positron annihilation lifetime
spectroscopy, and various optical spectroscopies. We have also explored the electret properties
of the DBC liquids for vibration sensor applications (Fig. 1b). s

Keywords: dibenzo[g,p]chrysene, polycyclic aromatic hydrocarbons, functional molecular
liquids, electrets, vibration sensor
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Fig. 1. (a) Molecular structure of alkylated dibenzo[g,p]chrysene liquid derivatives (1, 2); (b)
Open circuit voltage (Vo) characteristics of fabricated mechano-electric generators of the

Ve (V.

electretized 2 under continuous vibration at different frequencies (18, 32, and 53 Hz).

1) N. Yoshida, S. Kamiguchi, K. Sakao, R. Akasaka, Y. Fujii, T. Maruyama, T. Iwasawa, Tetrahedron

Lert. 2020, 61, 152033.
2) A. Ghosh, T. Nakanishi, et al., Nat. Commun. 2019, 10, 4210.

© The Chemical Society of Japan - [G]3401-1Tam-12 -



