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Photoreactions of 1,3-diradicaloid with & single bonding character (Hiroshima University) O
Koyo Murata,' Manabu Abe,!

Carbon is an essential element in organic chemistry, and covalent bonds linking carbon atoms are
an extremely important concept in building the backbone of organic compounds such as
pharmaceuticals and proteins. In our previous studies, we have designed molecules with 7 single
bonds, in which carbon atoms are linked only by © bonds without ¢ bonds, and have attempted to
elucidate the formation of  single bond species and their electronic properties. © single bonds
have a small HOMO-LUMO gap and thus have absorption maxima in the visible light region. We
have found a high photoreactivity to visible light!!). In this study, we investigated the
photoreactivity of m-single bond compounds by irradiating them with visible light having an
energy corresponding to the HOMO-LUMO gap and analyzing the products of the photoreaction
in detail.

Keywords : mw single bond; singlet diradical; new bonding style; photophysical property;
photoreaction
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[1] Qian Liu, Keita Onishi, Yuki Miyazawa, Zhe Wang, Sayaka Hatano, and Manabu Abe
J. Am. Chem. Soc. 2023, 145, 27089—27094
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Effect of a Water Additive on Alcohol Oxidation Using Nitroxyl Radical Catalyst/Hypervalent
Iodine Reagent: An Experimental and Machine Learning Study (‘Graduate School of
Pharmaceutical Sciences, Tohoku University, *Faculty of Pharmaceutical Sciences, Tohoku
University, *Data Science Center, and Graduate School of Science and Technology, Nara
Institute of Science and Technology) OShuhei Akutsu,' Yusuke Sasano,' Hideya Tanaka,’ Riki
Yamakawa,? Haruki Shirnabayashi,1 Shu Saito,” Keita Kido,” Tsubasa Suzuki,? Yuki Tateishi,'
Shota Nagasawa,' Tomoyuki Miyao,® Yoshiharu Iwabuchi'

The oxidation of alcohols using nitroxyl radical catalysts and hypervalent iodine reagents is
a useful method for synthesizing carbonyl compounds, which are important intermediates in
the production of fine chemicals. Previous studies have reported that the addition of a small
amount of water significantly accelerates this reaction. However, the generality of this
acceleration effect and its underlying mechanism remain poorly understood. In this study, we
explored the generality of the water-induced acceleration effect under AZADOL/PhI(OAc)»
conditions and investigated its mechanism through experimental approaches and machine
learning analysis.
Keywords : Organocatalyst; Machine Learning; Kinetic Isotope Effect
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1) Stuart J. Mickel, et. al. Org. Process Res. Dev. 2004, 8, 1, 113-121
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Attempt of observation of triplet indenyl cation ('Department of Chemistry, Hiroshima
University, >Graduate School of Advanced Science of Engineering, Hiroshima University)
Yugo Takara,! Ma-aya Takano,” Manabu Abe,’

In general, carbocations possess closed-shell singlet ground states. However,
cyclopentadienyl cation (CPD*) has been experimentally revealed to have a ground triplet
state!. This is because CPD* has Hiickel's anti-aromaticity in the closed singlet state, whereas
the triplet state has the Baird's aromaticity stabilization?. In our laboratory, we have been
interested in indenes, which are derivatives of cyclopentadiene. Indenyl cation (Ind*) has the
closed singlet ground state, in contrast to CPD". This is due to the stabilization of closed-shell
singlet state by delocalization of the positive charge into the benzene ring. In our previous study,
we have disclosed that the ground state can be switched to triplet using electron-donating group
substituents.” Based on these results, we synthesized the Ind* precursor and investigated the
photoreaction to generate the triplet cation species. We will present the transient absorption
spectroscopy and low-temperature EPR measurements of the photoreactions.

Keywords : Barid's aromaticity, Transient absorption spectroscopy, EPR measurement
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1) J. Am. Chem. Soc. 1973, 95,9, 3017-3018, 2) J. Am. Chem. Soc. 1997, 119 (30), 7075-7083.
3) Eur. J. Org. Chem. 2024, 27, €202301226.
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Study on trityl radicals with curved cycloparaphenylene skeleton (' Department of Chemistry,
School of Science, Hiroshima University, >Graduate School of Advanced Science and
Engineering, Hiroshima University) OAmiri Shibata,! Manabu Abe?

The HOMO energy level of cycloparaphenylene derivatives becomes higher as the size of
its ring becomes smaller. This is attributed to the increase of the characteristics of quinoid when
the benzene rings become bent V. With this characteristic, the long wavelength absorption, and
the SOMO-HOMO conversion phenomenon, in which the energy level of SOMO becomes
lower than that of HOMO, is expected in the trityl radicals. Trityl radicals are rather stable due
to the spin delocalization and kinetic stabilization. Furthermore, some of trityl radicals show
luminescent characteristics depending on the substituents. In this study, a new chemistry of
trityl radical within the cycloparaphenylene skeleton will be discussed. Additionally, the
photophysical properties of cycloparaphenylene ketone that is precursor of CPP trityl radical
will be presented.

Keywords : Cycloparaphenylene,; Triphenylmethyl radical; Highest Occupied Molecular
Orbital (HOMO); SOMO-HOMO conversion (SHC)
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Figure. The HOMO and LUMO energy of CPP and OPP
1) Iwamoto, T.; Yamago, S. et al. J. Am. Chem. Soc. 2011,133, 8354-8361.
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Positive Charge Delocalization and Aromaticity of a Carbocation Generated from Indolo[3,2,1-
Jjk]carbazole in Superacid ('Graduate School of Engineering, Mie University) O Takao
Okazaki,' Takuto Nomura'

Polycyclic arenium ions have attracted much interest due to their aromaticity and charge
delocalization mode. Indolo[3,2,1-jk]carbazole (1) is a polycyclic aromatic compound that
contains a nitrogen atom at an internal position of the m-system (Figure 1). We examined a
reaction of 1 in superacid by direct NMR observation and DFT calculations and elucidated
positive charge delocalization and aromaticity of the generated cation.

Direct NMR observation indicated that 1 was protonated at the C-6 position in CF3SO;H.
The most deshielded '*C and "N signals were observed at 159.0 ppm for C-12b, 153.6 ppm for
C-5 and C-7, and 180 ppm for N atom. The positive charge of the generated cation (1H") was
found to be delocalized into mainly C-5, C-7, C-12b, and N atoms according to changes in
chemical shifts from those of 1. The observed cation was found to the most stable protonation
cation by the DFT calculations. NICS(1)., values calculated by GIAO-B3LYP/6-311+G(2d,p)
suggested that its 5-membered rings are non-aromatic.

Keywords: Carbocation, Indolo[3,2,1-jk]carbazole, Superacid, DFT calculations, NMR
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Figure 1. A reaction of 1 in CF3SOsH and positive charge delocalization of 1H*. Red circles are roughly
proportional to changes in '*C and "N data (A3"*C and A8'°N) from those of 1 (threshold is 10 ppm).

© The Chemical Society of Japan - [F12301-1am-05 -



[F]12301-1am-06 BA{bE4 B1055SE2 (2025)

N-BHEOQA—I)ILDO Y7/ EZIERIGIZE T AAEZEIRME

(BEIRBERE |- WAL 2) OMRIE M1 ' - hx K BB - & KR2E2- A &
[ S AR/ N VNI

Regioselectivity and Reaction Mechanism on Tricyanovinylation Reaction of N-Substituted
Pyrroles ('Graduate School of Integrated Arts and Sciences, Kochi University, *Faculty of
Science, Kochi University) oAyako Hidaka,! Yoshiaki Sasaki,! Sora Takahashi,> Saori
Arisawa,” Ryota Tani,? Daisuke Kaneno'

We have investigated tricyanovinylation reaction of simple pyrrole and its derivatives
experimentally and theoretically. Our experimental results showed that reactivities and
selectivities of this reaction were significantly affected by substituents on the nitrogen atom
and solvent species.

Keywords : Pyrrole; Regioselectivity;, Reaction Mechanism; Solvent Effect; Electrophilic
Aromatic Substitution
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“Chloroform was used as the solvent. “Determined by integration ratio of '"H NMR spectroscopy.

[1]Vladislav N. Drichkov, Lyubov’ N. Sobenina, Tamara 1. Vakul’ skaya, Igor’ A, Ushacov, Al’bina I.
Mikhaleva, Boris A. Trofimov, Synthesis, 2008, /6, 2631-2635
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An electron-withdrawing substituent effect on imidazopyrazinone chemiluminescence for high
performance bioluminescence ('Graduate School of Informatics and Engineering, The
University of Electro-Communications) O Asuma Hyodo,! Genta Kamiya,' Shojiro Maki,'
Takashi Hirano'

Imidazopyrazinone derivatives including a bioluminescence substrate coelenterazine have
chemiluminescence (CL) and bioluminescence (BL) reactivities. To develop a high-
performance CL and BL imaging substrate, we investigated a substituent effect of electron
withdrawing groups (EWG) at C6 and C8 of the imidazopyrazinone ring on the CL properties.
Results indicate that the introductions of EWG groups induce slowing of the reaction rate, red-
shifted emissions, and increase of luminescence efficiency. We will talk about the mechanisms
of these substituent effects.

Keywords : Imidazopyrazinone; Coelenterazine;, Chemiluminescence; Substituent Effect;
Electron-withdrawing Group
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1) A. Shakhmin, M. P. Hall, T. Machleidt, J. R. Walker, K. V. Wood, T. A. Kirkland, Org. Biomol. Chem.,
2017, 15, 8559.

2) (a) R. Saito, T. Hirano, H. Niwa, M. Ohashi, Chem. Lett., 1998, 27, 95; (b) Y. Takahashi, H. Kondo,
S. Maki, H. Niwa, H. Ikeda, T. Hirano, Tetrahedron Lett., 2006, 47, 6057. (c¢) R. Saito, T. Hirano, S.
Maki, H. Niwa, J Photoch Photobio A, 2014, 293, 12.
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Deciphering Carbon—Sulfur Rotational Distribution in a Crystalline Host for Enhanced Eed
Persistent Organic Phosphorescence (' Department of Engineering Science, The University of
Electro-Communications) OSakuya Ueda,' Kazuki Fujita,' Bahadur Sk,' Shuzo Hirata'

Persistent room-temperature phosphorescence (pRTP) is promising technology for
bioimaging without detecting autofluorescence. However, the quantum yield of pRTP (®,) is
still poor for red and/or near infrared wavelength that pass through living organisms well. Here
we report polycyclic aromatic hydrocarbon substituted by phenylthio groups exhibit red pRTP
with a @, of 28.8% in a benzophenone crystalline host. The carbon (C) - sulfur (S) bond, one
of the elements of the dye, is expected to rotate easily at room temperature because it is a weak
bond. However, cooperative analysis of optical measurement and quantum chemical
calculations considering the phosphorescence rate constant (k,) and the non-radiative rate
constant from the lowest triplet excited state (ki) revealed that the distribution of the C-S
rotation could be confined in a crystalline host.

Keywords : Phosphorescence, Quantum Chemical Calculation, Structural Distribution, Sulfur,
Triplet State
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1) F. Xiao, et al., Nat. Commun. 2022, 13, 186.
2) S. Ueda, K. Fujita, B. Sk, S. Hirata, J. Mater. Chem. C doi.org/10.1039/D4TC04829F.
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Multistep photochromic reactions in Anthraquinone-Stilbene Conjugates ('College of Life
Sciences, Ritsumeikan Univ., 2PRESTO JST) O Kotaro Nakase,! Yuki Nagai,! Yoichi
Kobayashi'?

Photochromic reactions reversibly change the color and/or structure of materials by light,
acting as a basis of photoresponsive materials. Controlling the reactions between multiple states
under light with constant wavelength and intensity leads to advanced photofunctional materials,
however, it remains challenging. In this study, we synthesized an anthraquinone-stilbene
conjugate (AQ-St, Fig. 1a) to investigate its photochromic properties. We found a stepwise
photochromic behavior under 365nm-light irradiation with triethylamine as a reducing agent;
Photoreduction in the quinone moiety begins after trans-to-cis photoisomerization in the
stilbene moiety proceeded. Some spectroscopic results also suggested that cis-to-trans thermal
isomerization at the stilbene moiety occurred concomitantly upon the photoreduction.
Keywords : Photochromism,; Photoisomerization; Photoreduction; Induction period; Aerobic
oxidation
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Figure 1 (a) Plausible photochromic reaction scheme of AQ-St: (D trans-to-cis photoisomerization, @
photoreduction. (b) Absorption changes at 340 nm of 25 pM AQ-St and 2.5 mM triethylamine in
acetonitrile under 365-nm light irradiation.
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Circularly Polarized Emission Properties of Optically Active Bis-1,8-Naphthalimide
Derivatives and Their Analogues Based on Excimer Fluorescence ('Graduate School of
Humanities and Sciences, Nara Women's University, *Kindai University, *Osaka University,
*Nara University of Education, *Kyoto University) O Mami Naoe,' Hiroshi Takashima,'
Yoshitane Imai,” Norimitsu Tohnai,> Shoko Yamazaki,* Eiji Nakata’

Organic light-emitting dyes emitting circularly polarized light have been actively studied
due to their photophysical behavior. We have compared the luminescence properties of
optically active bis-1,8-naphthalimide derivatives (D,L-LybNI and D,L-LyMebNI) as shown in
Fig. 1 (a) and (b) in several solvents: in MeCN for D,L-LyMebNI the |gium| values were 1.9 x
10°(D) and 1.6 x 10°(L), and CPL derived from intramolecular excimer formation was
successfully observed”. In addition, with the aim of observing intramolecular excimer in
various solvents and CPLs exhibiting higher |gium| and Bcpr values (Bep= £P|guum|/2, € is the
molar absorption coefficient and @ is the fluorescence quantum yield), we further extended the
m-electron plane and synthesized analogues with controlled chirality (Fig. 1 (c), (d)) and
investigated their photophysical properties, which showed excimer emission in MeCN.
Keywords : Optical Properties; Fluorescence; Naphthalimide; Circularly Polarized
Luminescence, Excimer

MmIEHE (CPL) 2T 2 AWM IEARIL, T OB X 0 IER I
ENTWD, ZTHETIT, Figl (@), OIIRT X 5 2 REtE e 2-1,8-F 7 X L1
REBE(R(D,L-LybNI, D,L-LyMebNI)DFESLRFEIZ DN T, W < DD IEIEH T D b
@ﬁ%ﬁotoDLwam ZF1F 5 MeCN H TD|gum/fEiE 1.9 x 10°(D), 1.6 x 107
WWTHY, HFANTF T~ —RHEKD CPL OBNCKII L= Y, £72. Hx e
BT TR v~—BK E . L0 EW|gun/ER X BorL 1B (BerL= e®|gum|/2+

SAFTENRSNARI, D ITHETIER) 27T CPL 28T 522 2 HME LT, #
BV EE S SIIEL, 7V T 0 —OHE SRR (Fig.1 (c), (d)) DAL
ATV, T OXMMEE IR Z A MeCN I T v~—3 a2 /R LT,

o}
a b C C4H9\N O d
O‘ 0 o o o O 0 o) 0
N

0o O N_O O N_O
D,L-LybNI(R=OH) D,L-LybNDI(R-OH) OO OO

D,L-LyMebNI(R= OCH3) D,L-NorNI O D,L-LyMebNDI(R=OCH}5) D,L-NorNDI
o T 0 O0”°N"0
CqHg C4Hg

Fig.1. Bis-1,8-naphthalimide derivatives and their analogues.

1) S. Eguchi, M. Naoe, A. Kageyama, Y. Imai, N. Tohnai, S. Yamazaki, E. Nakata, H. Takashima,
Org. Biomol. Chem., 2024, 22, 4318-4325.
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Solvent dependent CPL behavior of imide-fused [7]helicene derivatives (Graduate School of

Environmental, Life, Natural Science and Technology, Okayama University, *Graduate School
of Engineering, Osaka University, *Graduated School of Science and Technology, Gunma

University, *Institute for Materials Chemistry and Engineering, Kyushu University) OXKeito
Nose,! Tadashi Mori,”> Minoru Yamaji,* Fumito Tani,* Kenta Goto,* Hideki Okamoto'

Helicenes show unique photophysical and chiroptical properties due to their helical n-system.
Recently, we demonstrated that the photophysical properties of PAHs are controlled by utilizing
the PAH n-system as an electron donor and imide moiety as an accepter, A-D-A architecture.
According to the strategy, we synthesized a series of imide incorporating [7]helicenes to
develop new chiral fluorophores. The spectroscopic as well as chiroptical behavior of the
[7]helicenes were investigated after optical resolution. The fluorescence spectra of compound
1 were little affected by the solvent polarity. In contrast, those of compounds 2 and 3 showed
appreciable positive solvatofluorochromism. Accordingly, red shift of the peak of CPL spectra
was observed depending on the solvent polarity. The present results demonstrate that the imide-
fused [7]helicenes served as multicolor CPL emitters.

Keywords : Helicene, Chiroptical property, CPL, Solvatofluorochromism
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[1] K. Nose et. al., RSC adv., 2023, 13, 4096.
[2] K. Nose et. al., J. Photochem Photobiol. A: Chem., 2024, 452, 115613.

© The Chemical Society of Japan - [F12301-Tam-11 -



[F]2301-1am-12 A4 B105ESF2 (2025)

SRAFTEERT7 S VEBRT V)OI LFEARDOAYBIEER T

(BRI A2 ) Ot B ' - ALK A

Photophysical and Chemical Properties of Polycyclic Aromatic Amine-Substituted Acridinium
Derivatives (‘Institute for Open and Transdisciplinary Research Initiatives, Osaka University)
OYauki Itabashi,! Kei Ohkubo,!

The acridinium skeleton has attracted considerable attention as an organic photoredox
catalyst due to its unique photophysical properties, exemplified by 9-mesityl-10-
methylacridinium, which has been applied to a variety of redox reactions. In this study, we
aimed to further expand the photochemical properties of acridinium by synthesizing novel
derivatives via copper-catalyzed C—N coupling and bromination of acridone, introducing
polycyclic aromatic amines at the 2- and 7-positions. We evaluated the absorption, emission,
and electrochemical properties of the synthesized compounds to investigate how
intramolecular steric and electronic interactions influence their photophysical characteristics.
Our findings demonstrated how incorporating polycyclic aromatic amines can enhance the
functionality of the acridinium framework and provided new insights for designing organic
photoredox catalysts.

Keywords : Acridinium,; Copper catalyst; Acridone; phtochemical property; Photoredox
catalyst
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1) Fukuzumi, S.; Kotani, H.; Ohkubo, K.; Ogo, S.; Tkachenko, N. V.; Lemmetyinen, H. J. Am. Chem.
Soc. 2004, 126, 1600.
2) Romero, N. A.; Nicewicz, D. A. Chem. Rev. 2016, 116, 10075.
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