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Photon Upconversion Using Anthracene Dyad Linked by Troger's Base (Grad. Sch. of Eng.,
Osaka Metro. Univ.) (ORyoichi Miyachi, Yasunori Matsui, Takuya Ogaki, Hiroshi Ikeda

Photon upconversion (PUC) is a molecular technology that converts a low-energy light to a
higher-energy light by triplet energy transfer and triplet—triplet annihilation (TTA) using an
energy donor and acceptor. One idea to improve the efficiency of PUC is to link energy
acceptors, which provides an increment the efficiency of TTA due to the long lifetime of the
triplet state' and the concomitant occurrence of intra- and intermolecular TTA?. In this work,
we synthesized an anthracene (An) dyad possessing Troger’s base®* (TB), An—TB—An, and
evaluated its photophysical properties and PUC behavior.

According to density functional theory (DFT) calculations, the dihedral angle between the
two An parts in An—TB—An is 99.8° and the distance between the shortest benzene rings is 3.10
A. From this geometry, an efficient TTA is expected. In fact, when a CH>Cl, solution containing
an energy donor, platinum octaethylporphyrin (Por), and An—TB—An was irradiated with 532-
nm light to excite only Por, photoluminescence of An—-TB—An was observed at ca. 450 nm.
Keywords: Triplet Lifetime,; Energy Transfer, Triplet—Triplet Annihilation,; Dexter Mechanism
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1. Kanoh, M.; Matsui,Y.; Ikeda, H. et al. J. Phys. Chem. B 2021, 125, 4831-4837.

2. Tykwinski, R. M.; Guldi, D. M. et al. J. Am. Chem. Soc. 2023, 145, 18260-18275.
3. Troger, J. J. Prakt. Chem. 1887, 36, 225-245.
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Photon upconverting porous polymer monoliths for flow photochemistry (!Sch. Eng., Kyushu
Univ., 2Grad. Sch. Eng., Kyushu Univ., 3Grad. Sch. Sci., Kyoto Univ., “IMaSS, Nagoya Univ.,
3iCeMS, Kyoto Univ., °PRESTO, JST, ’CREST, JST) OSakura Nakagawa', Naoto Matsumoto?,
Masanori Uji?, Kazuyoshi
Kanamori**, Kazuki Nakanishi*®, Nobuhiro Yanai>’

Ultraviolet (UV) light is useful in driving various photochemical reactions.
However, it is impractical due to the limited UV light sources and the low UV
transmittance of reaction vessels. As an alternative route, triplet-triplet annihilation-
based photon upconversion (TTA-UC) is one of the methods to generate UV light
from visible light,” but photoreactions using UC from visible to UV light have only
been reported in solution systems. Here, we report on the development of solid-state
porous polymer monoliths that exhibit TTA-UC from visible to UV light for
application to flow photochemical reactions. The monolith is a porous material with
um-scale co-continuous structures, enabling the use of flow systems. It was
synthesized by polymerizing styrene dissolving a ketocoumarin derivative (donor)
and a naphthalene derivative (acceptor)? (Fig. 1). UC emission in the UV region was
observed when 445 nm CW laser was irradiated to the monoliths. Reactions requiring
UV light are expected to be driven by visible light.

Keywords : Photon upconversion; Triplet-triplet annihilation, Monoliths, Polymer
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1) M. Uji, et al.,, Angew. Chem. Int. Ed., 2023, 62, €202301506.

2) M. Uji, etal., J. Mater. Chem. C, 2022,10, 4558-4562.
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Excited-state dynamics of azulene dimers (' Fac. Eng., Kyushu Univ., *Grad. Sch. Eng., Kyushu
Univ, *Grad. Sch. Sci., Kyushu Univ,, ‘cMs, Kyushu Univ.) O Yuta Sawada' -+ Tlias
Papadopoulos > + Ami Takada® + Kiyoshi Miyata® * Ken Onda*® + Yoichi Sasaki** + Nobuo
Kimizuka®*

Azulene, an isomer of naphthalene, has been widely known as a molecule showing
fluorescence from a higher-lying excited state called anti-Kasha fluorescence. So far, various
azulene derivatives have been developed for applications such as organic field electronic
transistors and solar cells. However, the excited-state dynamics of azulene in
assemblies/conjugates have yet to be understood in detail. In this work, we designed and
synthesized an azulene dimer with a xanthene linker, and the excited-state dynamics were
investigated based on ultrafast spectroscopy.

The anti-Kasha fluorescence of the azulene dimer was very weak compared to the azulene,
and the transient absorption of the dimer decayed rapidly on the pico-second timescale. These
results indicate the existence of fast relaxation processes due to the dimer structure. In the
presentation, we will discuss the possible decay processes with the results of DFT calculations.
Keywords : Excited-state dynamics, Azulene; Dimer; Higher-lying excited states, Transient
absorption spectroscopy
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Suppression of Xanthene Dye-Photosensitized Singlet Oxygen Generation by Indole
Derivatives ('Graduate School of Engineering Science, Yokohama National University)
ONorito Okajima,' Mikio Yagi,' Azusa Kikuchi'

Xanthene dyes are commonly used as dyestuffs in the food, cosmetics, and textile industries.
Xanthe dyes are efficient singlet oxygen photosensitizers. To prevent the deleterious effects of
singlet oxygen on health, quenching of singlet oxygen by various substances has been reported.
Singlet oxygen shows a characteristic phosphorescence band at 1274 nm. In this study, we have
studied the suppression of xanthene dye-sensitized singlet oxygen generation by indole
derivatives through the measurements of time-resolved near IR phosphorescence in phosphate
buffer solutions at pH 7.4. Xanthene dyes studied were eosin Y, phloxine B, and rose bengal.

Keywords: Xanthene dye; Indole; Singlet oxygen
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Figure 1. Molecular structures of xanthene dyes and indole.

1) H. Kato, K. Komagoe, Y. Nakanishi, T. Inoue, T. Katsu, Photochem. Photobiol. 2012, 88, 423.
2) D. C. Neckers, O. M. Valdes-Aguilera, Adv. Photochem. 1993, 18, 315.

3) J. R. Kim, S. Michielsen, J. Appl. Polym. Sci. 2015, 132, 42114.

4) F. Wilkinson, W. P. Helman, A. B. Ross, J. Phys. Chem. Ref. Data 1995, 24, 663.
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Synthesis and Singlet Oxygen Generation Ability of Corrole Monomers and Dimers ('Grad.
Sch. Nat. Sci. & Tech., Shimane University.) OYuki Zenta,' Takuya Fujimura,! Ryo Sasai’,
Takahisa Tkeue'

In recent years, various porphyrinoids have been used in the field of photodynamic therapy
(PDT). Corrole, one of the porphyrinoids, is expected to be used as a photosensitizer in
photodynamic therapy because it is known to generate singlet oxygen by photoirradiation. In
this experiment, monomers and dimers of corrole were synthesized and their spectroscopic
properties were examined. In this presentation, singlet oxygen generation ability by photolysis
reaction was examined, and it is also reported.

Keywords : corrole; photodynamic therapy, singlet oxygen; water solubility
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Singlet Oxygen Generating Ability of Phthalocyanine Metal Complexes with Palladium lons
at the Ring Center (\Grad. Sch. Nat. Sci. & Tech., Shimane Univ.) OShota Otohara', Hiroto
Tkeshita', Takuya Fujimura', Ryo Sasai', Takahisa Tkeue'

Phthalocyanine metal complexes produce 10, by light irradiation and are expected to be used
as photosensitizers in photodynamic therapy. A phthalocyanine metal complex was synthesized
by introducing a palladium ion into the center of the phthalocyanine ring and inserting eight
water-soluble substituents around the ring. In this report, singlet oxygen generation ability by
photolysis reaction is reported.

Keywords : phthalocyanine; photodynamic therapy; singlet oxygen; water solubility

TEABRYT = ERBEERIT. SR A A BRI A S AR T
D, RN o T n SR Sk DAL R E MR T W I A AR R i R
DEVITRANEIRICH LT b, £, BRHEICL D 'O BRSNS Z &R
BN TEY ., M ZEIEBEEDT)O R AI L L CoSAAHRA ST
Do L, 72837 = 3K RIEL

P TOBRRAEOMEERICL288H ‘ ’

AT L0 wES B EIEE L, R A

LLTOBEN KPR D L\ - s ﬁjﬁjﬁyh\
bdHDH, AR TIZ. K1ICRT 74 R tkﬁid ﬁj

T = VBORLINIRNT T NA T
%éﬂbkm%ﬁ7&nv7*yéﬁ Tgﬁﬁ

SR EGRT D Z LI C O R R

“mmm%a%kbto X 1. 74 vy 7 =8B IRPdPe)

AKEBRTIZ. K ILICRT 77X 0y 7 =

VEROBLIZ 8 DOATFAUMEBELEAL, FLOEBIZNNT VY AL F
ALTEKEN,EZ2u T =0 &8 %

SR (PdPe)Z &k Lz, M 2 12k - o
DMSO W TOHF A MHNT VD 10

LAT7HOVT = ORI AT K o

LNERLTWS, =27 L LT 04
PdPCli661nn1596nmﬁ%ﬁlbfto iy

i f: . DPBF a NP /\ﬁﬁF}im zb TT 300 400 sotvaveles::thln":oo 800 900
. —HA @%;{%i bR LT [ 2. PdPe 2351F % DMSO
=, i THET D, DWIL 227 kL

661 nm

596 nm

£11.0x10° M 'em™”

© The Chemical Society of Japan -E1132-2am-06 -



E1132-2am-07 AAEa B1045S52 (2024)

AT 4 TFERIZBETHAIRIILT—ELMOBERIEMES VI L
v kT4 va bl

(JURT ' JURBET. 2« JUKREEEE 3 - JUK CMS* - A K 3) OIER] #ifg ! - Sipim
Masis Marcel® + Ilias Papadopoulos® = & #i3E3 - = H &3 - BH @3- xR 5
_.24, %‘@ ,fgje 2,4

Controlled energy landscape of indigo derivatives and their singlet fission characteristics (* Fac.
Eng., Kyushu Univ., ?Grad. Sch. Eng., Kyushu Univ., *Grad. Sch. Sci., Kyushu Univ., *CMS,
Kyushu Univ., 3JGU) O Aki Masaoka!, Sipim Masis Marcel®, Ilias Papadopoulos?, Ami
Takada’®, Kiyoshi Miyata®, Ken Onda®, Yoichi Sasaki**, Nobuo Kimizuka®*

Singlet fission (SF) is a multiple exciton generation process that produces two triplet
excitons from a singlet exciton that occurs in certain organic molecular assemblies. Although
SF has attracted much attention in recent years as a strategy to double the efficiency of
photovoltaics and photocatalysis, its practical application has not progressed much due to the
limited selection of molecules with suitable energy levels (E(S1) > 2E(T1)). In this study, we
evaluated the SF properties of N N -disubstituted indigo compounds which can be easily
synthesized from indigo in a maximum of two steps and whose energy levels can be precisely
controlled by substituents. In this presentation, we will report magnetic field-dependent
photoluminescence and transient absorption spectra of N, N’-disubstituted indigo compounds
with different energy levels designed based on quantum chemical calculations.

Keywords : Singlet Fission, Indigo; Magnetic field effect; Transient absorption spectroscopy
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2010, 110, 11, 6891-6936.
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High-Yield Intramolecular Singlet Fission in Headland-to-Bay-Linked Perylenediimide

Assemblies (Faculty of Science and Technology, Keio University)
(OTakumi Oneda, Hayato Sakai, Taku Hasobe

Although perylenediimide (PDI) satisfies the energy matching conditions between excited
singlet and ftriplet states for occurrence of singlet fission (SF), research examples of
Intramolecular SF (ISF) using PDI dimers are quite limited because of the occurrence of
excimer and symmetry-breaking charge separation in most systems. This suggests that
appropriate structural control between two neighboring chromophores is required for efficient
ISF. In contrast to conventional PDI dimers bridged at the same linkage positions, we newly
synthesized headland-to-bay-linked PDI dimers to achieve the efficient ISF.

Keywords - Perylenediimide; Singlet Fission, Photophysical Property
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R TSI QW RICERAL COERE TlE7e<, Fig. 1 DX, ~yRTUR(h) fLl~A
(b) PrlmfEaflAf b7 PDI & E G /3 R A 1T 572, & DR,
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o0-b,h-(PDI), m-b,h-(PDI), p-b,h-(PDI),

Fig. 1 AW THWIZALEW

1) Hasobe, T. et al. ACS Energy Lett. 2022, 7, 390.
2) Horinouchi, H.; Sakai, H.; Hasobe, T. et al. Chem. Eur. J. 2016, 22, 9631.
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Syntheses and Photophysical Properties of Perylene Dimers for Singlet Fission (Faculty 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 problems is 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 between chromophores for occurrence of intramolecular SF
and evaluated the photophysical properties.

Keywords : Singlet Fission, Perylene

—HIA 472 (Singlet Fission)
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VERDNEMIRICHEERE LT
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Iy L. B SF D% Fig. | AW CTH KA DILE WtEE
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L6, MEERE OIS T T O L X —TK T L, ED%OIFERIL~D
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F 2T AR TIEARY L URIER VS D BRAN AR Y v — & L TEED
R EZFT, FTEXT TR U — LT T BIROGRICEY AT (Fig. 1),
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n = 0: Xan-(0,0)-(PDE),
n = 1: Xan-(0,EPh)-(PDE),

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.

© The Chemical Society of Japan -E1132-2am-09 -



E1132-2am-10 AZ(b2a B1045SE2 (2024)

KIRIINX—ZHEHETET7ILTE FETILO—IILDFEE R
(FLRBEE SR |+ LR R 2) OZHERA | - HP A 2 - EAEE - fED) !

Light-induced condensation reactions of aldehydes with alcohols ('Department of Chemistry,
Graduate School of Natural Science and Technology, Okayama University, >Research Institute
for Interdisciplinary Science, Okayama University) O Haru Ando,' Kenta Tanaka,> Hiroyoshi
Takamura,' Isao Kadota'

Esters and lactones are important structural motifs found in a wide range of natural products
and biologically active compounds. The conventional esterification mainly focuses on the use
of carboxylic acids as a substrate in the presence of condensation reagents, whereas it needs to
use the quantitative condensation reagents and synthesize carboxylic acids from the
corresponding alcohols via 2 steps oxidation process.

We have developed light-induced various organic synthesis reactions. Based on above, herein,
we report the light-induced condensation reaction of aldehyde with alcohol. When we carried
out the reaction of aldehydes with alcohols in the presence of radical initiator under light
irradiation, the desired esters were obtained in good yields. It was found that the reaction can
be applied to not only aromatic aldehydes but also aliphatic aldehydes.

Keywords : Condensation; Aldehyde, Light; Ester,; Lactone

TATNRT V7 N aGT HRIBITES AFE L., & OBEBREOAEFIEMEN B 42
BRI SN TWS, 2 E TOZ 2T UGS FEIC VR R YT
JLa— Tkt U CHESAIZ R LI FENBRR ST E 208, @H I LR VRIS
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YIFEETIEIINE TR AT —Z2FH LTk & 72 GBS O BRI L
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— Xt LT T P VBREEITE(E T, 380nm O YA B+ % 2 L T, ks T b= 27
NWaEEKRT D Z LTI LTz, ARSIE, FEBET VT & ROZIe LT NRRT vT
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O
radical initiator
J + ron -
R H

380 nm R OR'

1) a) Neises, B.; Steglich, W. Angew. Chem Int, Ed. Engl. 1978, 17, 522-524. b) Shiina, I.; Kubota, M.;
Ibuka, R. Tetrahedron Lett. 2002, 43, 7535.

2) a) Nohara, S.; Iwai, S.; Yamaguchi, N.; Asada, Y.; Kamiyama, Y.; Tanaka, Y.; Tanaka, K.; Hoshino,
Y. Synlett 2023, In press. b) Tanaka, K.; Kishimoto, M.; Tanaka, Y.; Kamiyama, Y.; Asada, Y.;
Sukekawa, M.; Ohtsuka, N.; Suzuki, T.; Momiyama, N.; Honda, K; Hoshino, Y. J. Org. Chem. 2022,
87,3319.
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Organophotoredox Catalyzed [2+2] Cycloadditions for the Synthesis of Halocyclobutanes
(!School of Science, Okayama University, *Research Institute for Interdisciplinary Science,
Okayama University, *Department of Chemistry, Graduate School of Natural Science and

Technology, Okayama University) O Asuka Mizutani,' Kenta Tanaka,” Hiroyoshi Takamura,’
Isao Kadota®

Cyclobutane is an important chemical structure found in various natural products and bioactive
compounds. Due to the utility of cyclobutanes, a number of transition metal catalyzed synthetic
reactions have been developed. More recently, Liu and co-author reported the [2+2]
cycloadditions of vinylboronate esters for the synthesis of boron containing cyclobutanes,
which can convert to various functional groups. Meanwhile, we have developed the design and
synthesis of thioxanthylium organophotoredox catalyst (TXT), which can be activated by
green-light irradiation. Based on the above, herein, we report organophotoredox catalyzed
[2+2] cycloadditions for the synthesis of halocyclobutanes.

Keywords : Photoredox catalyst; [2+2] cycloaddition; Halocyclobutane, Visible light
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1) Liu, Y.; Ni, D.; Stevenon, B. G.; Tripathy, V. ; Braley, S. E.; Raghavachari, K.; Swierk, J. R.; Brown,
M. K. Angew, Chem. Int. Ed. 2022, 61, €202200725.

2) a)Nohara, S.; Iwai, S.; Yamaguchi, N.; Asada, Y.; Kamiyama, Y.; Tanaka, Y.; Tanaka, K.; Hoshino,
Y. Synlett 2023, In Press. b) Tanaka, K.; Kishimoto, M.; Tanaka, Y.; Kamiyama, Y.; Asada, Y.;
Sukekawa, M.; Ohtsuka, N.; Suzuki, T.; Momiyama, N.; Honda, K; Hoshino, Y. J. Org. Chem. 2022,
87,3319.
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Generation of alkyl radicals by photo-excitation of boron complex-supported polymers and
their applications ('School of Materials and Chemical Technology, Tokyo Institute of
Technology, *Institute for Chemical Research, Kyoto University) ORyosei Ishii!, Tomoki
Hirohata!, Kosuke Sato!, Hirohisa Ohmiya?, Shinsuke Inagi'

2,2'-(Pyridine-2,6-diyl)diphenol (PDP) boron-ate complexes are readily excited by blue light
irradiation to undergo carbon-boron bond cleavage, resulting in the generation of alkyl radicals.
Although this method can easily generate alkyl radicals useful for organic synthesis under mild
conditions, it has the disadvantages that purification after complex formation is complicated
and that by-products having a PDP skeleton are generated after alkyl radical generation. In this
study, we aimed to simplify the isolation and purification steps by designing polymer-supported
PDP boron-ate complexes. When a polymer with PDP in the side chain was irradiated with 440
nm blue light in dichloromethane in the presence of the radical scavenger (TEMPO), a
phenylethyl radical-TEMPO adduct was obtained with a yield of 48%. It was found that the
synthesized polymer could act as an alkyl radical source. Furthermore, the polymer components
could be easily separated after the reaction.

Keywords : Photo-responsive polymer, Boron complex, Generation of radicals, Photo excitation
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Poly(PDP borate) Phenylethyl radical-TEMPO adduct

1) (a) H. Ohmiya, ef al., J. Am. Chem. Soc. 2020, 142,9938-9943. (b) H. Ohmiya, et al., Org. Lett.,
2021, 23, 5865-5870.
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Creation of fluorescent nanogels capable of CO; detection by photo-induced electron transfer
of amines and anthracene ('School of Engineering, Kyushu University, 2JCCL, *Graduate
School of Engineering, Kyushu University) O Tomoka Kimura,' Masaya Ifuku®, Ryutaro
Honda?, Toshikazu Ono®, Yu Hoshino®

In recent years, exploration of CO; sensing materials is in high demand because of the efforts
to realize decarbonized society. In the field of CO, concentration visualization, optical sensors
based on functional dyes have been studied extensively. However, optical sensing of limited
CO; concentration range is difficult and impractical, so it needs to be improved.

In this study, anthracene-amine moiety was incorporated into the PNIPAm-based amine-
containing nanogels, which are known as CO, absorption materials, to realize a photo-induced
electron transfer (PeT)-based fluorescent nanogel that visualizes the presence of CO». The pK.
of the amine moiety could be changed by controlling the micro-environment around the amine
site by changing the polymerization conditions, and the concentration range that responds to
CO; could be changed. This result shows that the pK, of amines in nanoparticles can be
optimized by polymerization conditions, and that higher-resolution sensors can be expected in
terms of CO; sensing in the limited concentration range.

Keywords : nanogel, carbon dioxide, photo-induced electron transfer, anthracene, sensor
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Development of Water Detection System Using Chemiluminescence of Luminol Induced by
Phenazine-Based Photosensitizers ('School of Engineering, Hiroshima University, >Graduate
School of Advanced Science and Engineering, Hiroshima University) OYuto Ida,! Kazuki
Ohira,? Keiichi Imato,?> Yousuke Ooyama?

Rapid detection system of diverse chemical species is required in various aspects of human
life. Detecting and quantifying water in samples are particularly important for hygiene and
product quality control. The Karl Fischer method is well known as a typical water detection
method. While this method has advantages of high accuracy and a wide measurement range of
0.0001-100 wt%, it has disadvantages of time-consuming and labor-intensive measurement and
of not being materializable. In this study, we aim to develop a water detection system using
chemiluminescence of luminol induced by a phenazine-based photosensitizer as a new method
to detect water easily and quickly.

We have succeeded in inducing chemiluminescence of luminol in basic aqueous solutions
using a phenazine-based photosensitizer. Indeed, photoexcitation of photosensitizer by light
irradiation at 509 nm resulted in chemiluminescence of luminol with a maximum at ca. 440
nm. It was suggested that the chemiluminescence was observed due to the reaction of luminol
with singlet oxygen generated by the light-excited photosensitizer. In this presentation, we
report on the chemiluminescence properties of luminol with phenazine-based photosensitizers
in response to water.

Keywords : Chemiluminescence; Photosensitizer, Water Detection; Singlet Oxygen,; Luminol
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Development of ICT/FRET-based Fluorescent Sensor for Detection of Water (‘Under Graduate
School of Engineering, Hiroshima University, *Graduate School of Engineering, Hiroshima
University) OKousuke Okutani,' Kazuki Tao,? Keiichi Imato,? Yousuke Ooyama?

A technique for detecting and quantifying water in solids, liquids, and gases is important for
environmental conservation and human life, including leak detection and quality control for water.
The Karl Fischer method (KF method) is well known as a typical moisture detection method.
Although this method is highly sensitive, it is time-consuming and labor-intensive to measure, and
cannot be used as a material for water detection. Therefore, we continue to develop fluorescent dyes
that expression or change their fluorescence emission properties by recognizing water molecules,
as an alternative moisture detection method to the KF method.

Previously, we have developed a fluorescent sensor YNI-2 based on intramolecular charge
transfer (ICT). However, the change in fluorescence emission properties of YNI-2 with detection
of water was not effective for visual observation of water. Therefore, to effectively observe the
change in fluorescence properties associated with the detection of water, we invented an ICT/FRET-
based fluorescent sensor which combines intramolecular charge transfer (ICT) and forster
resonance energy transfer (FRET) characteristics. In this work, we have designed and developed an
ICT/FRET-based fluorescent sensor KOY-1 which composed of BODIPY fluorophore and an ICT-
based fluorescent sensor YNI-2. In this presentation, we will report the optical sensor properties of
KOY-1 to water.

Keywords: Fluorescent sensor, Water, Forster resonance energy transfer, Intramolecular charge
transfer, Stokes shift
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1) S. Tsumura, Chem. Commun, 2018, 54, 10144-10147
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