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Mechanistic Investigation of Halogen Bonding Interaction Mediated Photochemical
Transformations: An Integrated Study through Experimental and Theoretical Approaches

Eiji Yamaguchi' , Akichika Itoh' (1. Gifu Pharmaceutical University)

Halogen bonding, a unique type of non-covalent interaction, is formed through electrostatic
interactions between Lewis bases and a positively charged region called a 6-hole on halogen
atoms. Recent studies have established that when complexes formed through these halogen
bonds are exposed to light irradiation, they undergo photoinduced electron transfer (PET)
between the donor and acceptor components of the complex, leading to various photochemical
transformations.

In our previous studies, we have discovered that aryl radicals can be efficiently generated via
PET in a system utilizing phenol as a halogen bond acceptor and iodobenzene as an electron
donor. This finding presents a novel approach to radical generation under mild conditions.
However, the detailed reaction mechanism of this process, including the nature of the
intermediate species and the role of the halogen bond in facilitating electron transfer, remains
insufficiently understood. Elucidation of these mechanistic aspects is essential for further
development and optimization of this synthetic methodology.

Against this background, we conducted a comprehensive investigation of the reaction
mechanism using complementary experimental and computational approaches. Our
experimental studies employed various spectroscopic techniques, while computational
analyses provided insights into electronic structures and energy profiles. In this presentation,
we will report our findings regarding the characteristic features of halogen bonds in these
systems and their influence on photochemical reactivity, with particular emphasis on the factors
controlling the efficiency of electron transfer and subsequent radical formation.

Keywords : Halogen-bonding, PET: mechanism; computational chemistry
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1) Halogen-Bonding-Promoted Photoinduced C-X Borylation of Aryl Halide Using Phenol Derivatives
K. Matsuo, E. Yamaguchi, A. Itoh J. Org. Chem. 2023, 88, 6176-6181.
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Optical Properties Based on Intramolecular Charge Transfer of Novel Naphthalene-based n-
Electron Conjugated Compounds and Elucidation of Their Mechanisms (' Graduate School of
Human and Science, Nara Women s University, 2Facully of Science, Nara Women s University,
3Nara University of Education) OYui Manabe,' Hiroshi Takashima,> Shoko Yamazaki®

Optical properties based on intramolecular charge transfer (ICT) were investigated for
various novel naphthalene-based m-electron conjugated compounds with electron-donating
amino or electron-withdrawing carbonyl groups. UV-visible absorption spectra, emission
spectra, absolute quantum yields, and fluorescence lifetimes were measured in six solvents with
different polarities. As a result, it was found that the solvatofluorochromism shows significantly
different behavior depending on the substituents. In particular, significant differences were
observed in the properties of compounds with methyl ester groups and those with carboxy
groups. To consider the mechanisms of them, DFT and TD-DFT calculations were conducted.
Keywords :Solvatofluorochromism,; Solvatochromism; Intramolecular Charge Transfer; Fluorescence;
DFT Calculation
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[1] Z. Wang, S. Yamazaki, Y. Mikata, M. Oba, H. Takashima, T. Morimoto, A. Ogawa, J. Org. Chem.,
2022,87,11148-11164. [2] Z. Wang, S. Yamazaki, T. Morimoto, H. Takashima, A. Nakaoku, M. Shimizu,
A. Ogawa, Org. Biomol. Chem., 2023, 21, 2172-2187.
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Spin-correlated photoabsorption and emission of a carbazole-
containing Kekulé-type diradical

(!Sokendai, *Grad. Sch. of Eng. Sci., Osaka Univ., *IMR, Tohoku Univ., *JST-FOREST, *OTRI-
Spin, Osaka Univ.) O Yoshika Takewaki,'> Asato Mizuno,”> Ryota Matsuoka,> Shojiro
Kimura,? Tetsuro Kusamoto?*?

Keywords: Luminescent Radical, Diradical

Diradicals have electronic ground and excited states with both singlet and triplet spin
multiplicities, which differ from those of organic closed-shell molecules and monoradicals.
This unique electronic structure enables thermal equilibrium between the singlet and triplet
electronic ground states, leading to spin-correlated photofunctions. An example of such
photofunction is spin-state-dependent absorption reported particularly in Kekulé-type
diradicals, which could realize selective excitation of the singlet or triplet state. As another
example, we have reported spin-correlated emission of non-Kekulé-type diradicals.? We
envisioned that a combination of spin-state-dependent absorption and emission allows a more
comprehensive understanding of the relationship between the molecular structure and the spin-
correlated photofunctions. In this study, Kekulé-type diradical 27R, was synthesized, and its
magnetic and photophysical properties were compared with those of the non-Kekulé-type
counterpart 36R,, which was previously reported to exhibit triplet-specific emission (Fig. 1a).>

27R; was shown to exhibit both spin-correlated absorption and emission. 27R; displayed
emission at 701 nm in cyclohexane (Fig. 1b). A noteworthy observation is the difference
between the absorption and the excitation spectra of 27R,, whereas those of 36R; show no such
discrepancy. By measuring the absorption, emission, and excitation spectra at various
temperatures (i.e. at various singlet-triplet ratios), 27R, was suggested to show spin-state-
dependent absorption and triplet-specific emission. This was also supported by theoretical
calculations and the magnetic-field effect on the luminescence. The detailed comparison of

27R; and 36R; revealed the impact of substitution position on their photofunctions.
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Fig. 1 (a) Chemical structures of 27R2 and 36Ra. (b) Absorption, emission, and excitation spectra of
27Rz in cyclohexane (Aex = 375 nm, Aem = 770 nm).

(1) R. Matsuoka et al., J. Am. Chem. Soc., 2023, 145, 13615. (2) A. Mizuno et al., J. Am. Chem. Soc.,
2024, 146, 18470.
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Anti-Stokes Emission Utilizing Reverse Intersystem Crossing

(‘Grad. Sch, Eng., Kyushu Univ., *OPERA, Kyushu Univ., *WPI-I2CNER, *AIST, °IAS, Kyushu
Univ.) O Shintaro Kohata,"> Hajime Nakanotani,>* Takuya Hosokai,* Takuma Yasuda,'?
Youichi Tsuchiya?, and Chihaya Adachi'*?

Keywords: Photon-upconversion, Anti-Stokes emission, Thermally activated delayed
fluorescence, Dexter-type energy transfer, Forster-type energy transfer

Photon-upconversion (PUC) processes in organic molecular systems, such as triplet-
triplet upconversion, two-photon absorption, and hot-band absorption, are promising
technologies for future energy harvesting. One of the unique applications utilizing PUC
processes is thermal energy harvesting, leading to optical cooling in matters.[] Although these
processes can generate high-energy excitons compared to excitation energy, a PUC process
with a high yield and no energy loss has not been established and, therefore, is highly desired.

Here, we propose an alternative PUC mechanism that uses reverse intersystem crossing
on thermally activated delayed fluorescence (TADF) molecules.?! This process combines a
triplet sensitizer and a TADF molecule, generating a triplet in the former and transferring it to
the latter. Specifically, the triplet energy transfer from Ir(ppy)s (sensitizer) to CzBSe (TADF)
results in anti-Stokes emission with an anti-Stokes energy of 0.18 eV. We found that the triplet
energy transfer rate strongly depends on the triplet radiative decay rate of the TADF molecules
and the difference in the Gibbs energy between the energy acceptor and donor. Our findings
will contribute to understanding triplet energy transfer dynamics in organic energy donor-
acceptor systems and will lead to various applications, such as future optical cooling systems.
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Fig. 1: Schematic illustration of the proposed ASPL mechanism utilizing the RISC process
on the TADF molecules, and the chemical structures of energy donor and accept molecule
used in this study.

[1] M. P. Hehlen, J. Lumin. 2022, 252, 119270.
[2] S. Kohata, H. Nakanotani, T. Hosokai, T. Yasuda, Y. Tsuchiya, and C. Adachi, Angew. Chem. Int.
Ed. 2024, €202419323.
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The Double Closed-Ring Isomer of a Diarylethene Fused Dimer ('Graduate School of
Engineering, Kyoto University, > Fukui Institute for Fundamental Chemistry, Kyoto University)
OKenji Higashiguchi,' Kurumi Satake,' Naoto Ootsuki,' Kenji Matsuda >

Diarylethene dimers with a long spacer connecting the units can form the double closed-ring
isomer, of which both the units are the closed-ring structure. However, the photochemical
properties are estimated to be similar to the sum of comprising units due to the small electronic
correlation. In this study, we discuss the near-infrared absorption character and its
photoinduced ring-opening reaction of the double ring-closed product, which is a fused dimer
in which two diarylethene units are connected by a conjugated structure.

Keywords : Diarylethene,; Photochromism; Electrochromism; NIR absorption; Quantum yield
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Fig. 1. Diarylethene fused dimer and the isomerization upon photo- and redox stimuli.
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Fig. 2. An NIR-induced back reaction from the isolated 1-cc to 1-co in CH,Cl..

1) K. Satake, K. Higashiguchi et al., under revision.
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Construction and Singlet Fission Properties of Molecular Assemblies Based on
Tetracenothiophene Dimers (Faculty of Science and Technology, Keio University) OTaiga
Okamoto, Hayato Sakai, Taku Hasobe

Singlet fission (SF) is a photophysical process, in which one singlet excited state is converted
into two triplet excited states. One of the typical chromophores for SF is a pentacene and
intramolecular singlet fission was observed in its dimeric and oligomeric forms. On the other
hand, tetracenothiophene (TTh) is one of the pentacene analogs, which has a higher energy of
the triplet excited state, and the unique linker positions derived from the terminal thiophene
unit. However, there are only a few reports on SF using TTh. We newly synthesized a series of
TTh dimers and oligomers to evaluate the detailed structural and photophysical properties.
Keywords : Singlet Fission; Tetracenothiophene; Molecular Assembly
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Controlled Orientations of Perylene Dimers for Intramolecular Singlet Fission ( 'Fuculty of
science and Technology, Keio University) ORyoko Shimbo,' Hayato Sakai,' Taku Hasobe'

Singlet Fission (SF) is a multi-exciton generation process that produces two individual triplet
excitons from one-photon absorption in two nearby chromophores. SF has been widely studied
using acenes, whereas one of the serious issues includes the extremely weak reduction
properties of the triplet excited states due to the small excitation energies. In contrast, perylene
has the relatively higher excitation energies and the stronger reduction properties of the triplet
excited states. In this study, we synthesized a series of cofacial perylene dimers through
xanthene linker with different electronic coupling and conformational flexibility between
chromophores for intramolecular SF and evaluated intramolecular singlet fission properties.
Keywords : Intramolecular Singlet Fission; Perylene
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1) Hasobe, T.; Nakamura, S.; Tkachenko, N. V.; Kobori, Y. ACS Energy Lett. 2022, 7, 390.
2) Korovina, N. V.; Chang, C. H.; Johnson, J. C. Nat. Chem. 2020, 12, 391.
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Synthesis and Singlet Fission Properties of Supramolecular Polymers Based on Scissor-Shaped

Acene Dimers (Fac. Sci. Tech., Keio Univ., *Grad. Sch. of Sci. and Eng., Chiba Univ., *Grad.

Sch. of Eng., Chiba Univ., *Grad. Sch. of Eng. Sci., Osaka Univ., ’IAAR, Chiba Univ.) O

Hayato Sakai,' Arisa Ino,> Hiroki Hanayama,* Hikaru Sotome,* Shiki Yagai,’ Taku Hasobe'
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We have been exploring supramolecular polymers with unique structural and functional
properties based on scissor-shaped chromophoric dimers. On the other hand, acene derivatives
such as tetracene and pentacene are one of typical chromophores for occurrence of singlet
fission (SF), and various molecular systems on covalently linked acene dimers with high triplet
quantum yields have already been reported. However, little attention has been drawn to SF in
acene-based supramolecular polymers. In this study, we newly synthesized supramolecular
polymers based on scissors-shaped acene dimers and evaluated their triplet exciton generation
and migration processes through SF.

Keywords : Acene; Dimer,; Supramolecular Polymer; Singlet Fission
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1) K. Tashiro, S. Yagai, et al., Chem. Rec. 2022, 22,¢202100252.

2) T. Hasobe, et al., ACS Energy Lett. 2022, 7, 390—400.
3) G. Lavarda, A. Rao, E. W. Meijer, et al., J. Am. Chem. Soc. 2024, 146, 28985—28993.
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