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International Promotion of the Chemical Education System of the Japanese Model and Development of
the Experience-Based Chemical Experiment Teaching Materials (Faculty of Education, Kagawa
University) Yumiko Takagi

Pioneering the development of chemistry teaching materials and utilizing Ionic liquids
resources to promote chemistry education, It had expand these activities nationwide and
internationally via the internet. Furthermore, science exhibitions both domestically and
internationally, alongside outreach lectures, have been implemented to promote chemistry
education. The contributions have been made to activities encouraging female students to
pursue careers in science.

Keywords : Teaching Materials;, Micro Scale Chemistry; Science Fair, Nutrition Education
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Materials Development Based on Inter-Element Fusion and Expansion into Multi-Element Ma-
terials (Graduate School of Science, Kyoto University) OHiroshi Kitagawa

Multi-element solid-solution alloys and nanomaterials have been explored using combina-
tions of elements that do not mix in bulk, employing non-equilibrium synthesis methods such
as the hydrogen process, spray simultaneous reduction, and subcritical/supercritical flow meth-
ods. A lot of new materials have been successfully synthesized, and highly active catalysts have
been developed.

Keywords : Multi-element; Solid-solution alloy; Non-equilibrium synthesis; Flow synthesis
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Versatile Synthetic Strategy for Architecturally Complex Polymers

(Faculty of Engineering, Hokkaido University, *List Sustainable Digital Transformation
Catalyst Collaboration Research Platform (ICReDD List-PF), Institute for Chemical Reaction

Design and Discovery, Hokkaido University, *National Central University, Taiwan)
OToshifumi Satoh'-*?

The application of polymeric materials has expanded beyond conventional uses into cutting-
edge fields, necessitating precise molecular design tailored to specific target applications. In
the design of such functional polymers, control over polymer chain architecture has gained
increasing recognition as a crucial structural element in polymer design, as it enables the
emergence of physicochemical properties and functions distinct from those of linear polymers.
In particular, architecturally complex polymers, such as cyclic, star-shaped, graft, and
(multi)block polymers, have attracted considerable attention due to their unique properties and
functionalities. However, existing methodologies for the precise synthesis of these
architecturally complex polymers remain limited. To address these issues, our group has
synthesized well-defined architecturally complex polymers through various approaches. In this
presentation, I will introduce our recent efforts toward the efficient synthesis of architecturally
complex polymers.

Keywords : Architecturally complex polymer,; Polymerization; Polymer synthesis
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Figure 1. Cyclopolymerization of linear bifunctional macromonomers to synthesize
multicyclic polymers.
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Figure 2. Self-switchable polymerization of mixed cyclic anhydrides, cyclic ethers, and cyclic
esters with alkali metal carboxylate as a catalyst and alcohol as an initiator.

1) Macromolecules 2018, 51, 3855, 2) Macromolecules 2021, 54,9079, 3) Chem. Sci. 2019, 10, 440, 4)
Commun. Chem. 2020, 3,97, 5) Polym. Chem. 2023, 14, 3099, 6) ACS Catalysis 2021, 11, 5999, 7) J.
Am. Chem. Soc. 2022, 144, 1790, 8) Nat. Commun. 2022, 13, 16, 9) Macromolecules 2024, 57, 3741,
10) Polymer J. 2025, 57, 1153, 11) Bull. Chem. Soc. Jpn. 2023, 96, 1003.
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Functional Material Design based on the Exchange Interaction in Multi-radical Systems
(Graduate School of Engineering, Kyoto University) Daiki Shimizu

The properties of discrete molecular systems are determined by their structure, charge, and
spin state. Therefore, it is important to comprehensively design the three factors (structure,
charge, and spin) for novel functional materials. The spin-property relationship is less explored,
while structure-property and structure-spin relationships have been extensively studied. From
such a perspective, we have investigated the spin-state-dependent properties of molecules and
the exchange-interaction-driven molecular design approach for functional materials. In this
presentation, two of our recent research topics will be reported.
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The first topic is the spin-state-dependent optical properties of organic multi-radical systems.
Organic diradicals generally exhibit a small singlet-triplet energy gap, leading to a significant
population of excited spin states even at room temperature. However, it has been considered
that such an interaction as weak as the thermal energy does not make a significant difference
in the photophysical properties of the different spin states. We found a diradical with a weak
through-space spin-spin interaction, exhibiting absorption spectra that are strongly dependent
on its spin state. The spin-dependent absorption feature allowed spin-selective photoexcitation,
revealing spin-dependent excited-state dynamics. The second topic is exchange-interaction-
based molecular design for exceptionally small optical band gaps. Near- to mid-IR responsive
chromophores, characterized by their ability to produce an exciton across the electronic
transition to the vibrational energy region, hold significant potential for various applications.
We experimentally established a linear correlation between the exchange interaction of
diradicals and the optical band gap of their 1e-oxidized radical cation state. By leveraging the
relationship, we designed a chromophore with only 590 Da, exhibiting a mid-IR electronic
transition at 2000 cm™' (5000 nm). Finally,

Keywords : Stable radical; Exchange interaction; Spin-Property relationship, Diradical; Mid-
IR absorption
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Catalysis of Frustrated Lewis Pair under Photoirradiation
(*Graduate School of Engineering, Nagoya University) Yoshitaka Aramaki'

Reactions involving Lewis acid and base have traditionally been understood as two-electron
transfer process, including those mediated by sterically hindered Lewis pairs known as
frustrated Lewis pairs (FLPs). Meanwhile, with the development of FLP chemistry, it has been
reported that certain FLP systems can operate via single-electron transfer (SET) mechanisms.
!'Since such SET process can simultaneously generate two reactive radical intermediates, they
represent a potentially powerful strategy for radical generation in organic synthesis.? However,
owing to the inherent structural limitation of FLPs capable of undergoing SET, their synthetic
application had remained limited to stoichiometric reactions, and the catalytic execution had
not been achieved.

We hypothesized that alleviating these structural constraints would enable the catalytic
utilization. This consideration led us to explore photoinduced SET as a means to access such
reactivity. In this lecture, I will represent the discovery of photoinduced SET within an FLP
and its catalytic application. In addition, I will discuss the design and its catalytic functions of
p-borylthiophenol, which generates photoactive intramolecular FLP.

Keywords : Single-Electron Transfer (SET), Frustrated Lewis Pair, Photocatalyst;, Radical;
Hydrogen Atom Transfer (HAT) [#&K 5 words]

AREEALFICRBNT, VA A - HEMTOKNT _ETBEZE > DL LT
EOHEHMINTE 2, —H., 2000 FRIHEALSINTZENAEEZER LI WEE
UNVLA AR - HEFEk frustrated Lewis pair (FLP) O SSHEFEMEATIZ L O . 7€k 8B T8
BISIC LV HEITT D LB OGN TWEROHRIZ, —EFBEIRIL (SET) 24 LT
HEITTHRBIFEETH 2 &M 2015 FEELSRESN>DOH S ', FLP [Bd SET %,
M7 T O h N &[RRI RERAE S ) 28T AL RICBIT D872 T Vb
NWHREIEE L TCRERAREMEEZ A LT 5, LivL, SET 23EITT D0 A AR - L
RHZ VX e 7o & RO IR MFAE T B 7 O UGAl & L COFIFCHE £ 0 | fillfrd)s
IZE > T o 7= 2, A L. FLP N SET Z LAt om W HEilfE~ L FAiETEh
X, ZOfEERIFIHANATREIZ /2 D DO TITRnW it 2, 2ol LT DEEE SET
FIHL &V EFBICE -7, AGEE CIIOERH FIZH1F 5 FLP N SET O% Falfe(C
B DR & OfEAL A~ OIS AR OW i T 5,

FI9. A AL L CTIHA SN TV D B(CFs)s, VA AL LT p-T BEV AT
N7 =V DFET IV FLP RICEBWTHEFHR SET OMGEEZIT 572, AR TIEIEEIREE
\ZBWWT SET 13H#EFT L7223, 405 nm LED OS2 1T -7- & Z A SET LT3
FHNCHER C& 7o, B2 DA OfE R, 2 SET |LEMBEIEEA (EDA
PEIR) gRPREARE 52 LB B L7257 (Scheme 1a)’, T D3R Ut % il IEEAIIZ
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ZIB 2 OORKEITHIRE T CTO FLP W CO SET Z IR FI A L 72 SEBRIg i ¢
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bEFARET VT 4 ~D T IS RE ST e, £ 2 Tl 13V A
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I AEES i A = AN

Scheme 1
a) FLPRTOXFE—EF FALMERRER - REBEEBBRG
(a) *EE EFBEHZE R R R - RERER & EDASEHE (it B i
R B(CeFs)s el N P
(10 mol%) TP ' L 2 2y —— BGFo)s
~. A + | o _— \N/ —T \N/‘Q —_— \N R A _
N 405 nm LED I -H I A o L1
Ar R MeCN, RT Ar Ar r <Y G
. ) B(CsFs)s 3 R s 67573
up to 95%

O) RYLFA T/ —LBEERN1,2-SF— LA RUNTA T ==

SH
F F
OH o MRYLFATz/—N OH /P\-OH OH
)\ Jl\ L )‘\/ 1J\ 2 |— R2
+  RI"SR2 Ar R" 'R Ar F F
Ar H 470 nm LED b o 1
4 5 DMF, 40°C, 1h HAT H &R HO R BMes,
6 ILURTy RE
up to 85% HAT
=Tl
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Development of Functional Macrocycles Enabled by Heteroatom Incorporation (Graduate School of
Engineering, Kyoto University) OShunsuke Ohtani

Macrocyclic molecules exhibit unique properties, such as molecular recognition via an
internal cavity and supramolecular assembly enabled by their high symmetry, and they play
important roles in host—guest and supramolecular chemistry. To date, many macrocyclic
molecules have been developed. However, most of them are constructed primarily from
hydrocarbon frameworks. Therefore, introducing heteroatoms to diversify the electronic
properties and conformations of macrocycles remains largely unexplored, even though it could
lead to unusual assemblies and new electronic/optical properties. In this work, we introduced
heteroatoms into the bridging units of carbon-based macrocycles. Incorporation of silicon
increased conformational flexibility owing to longer bond lengths and also enhanced electronic
communication within the cyclic framework (Figure 1a).' Partital incorporation of nitrogen
caused a pronounced red-shift in the emission spectrum and enabled solid-state luminescence
(Figure 1b).? In addition, dense incorporation of sulfur atoms into cyclic scaffold induced a
dimer formation in the crystal, driven by twelve S---S interactions (Figure 1c).?

Keywords : Macrocyclic Molecule; Heteroatom, Supramolecular Chemistry
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B EBE O TITIERLe Q Jjj i i
FrR B 2R d, €D, KA - s s
h-7 A b ﬂj%i) KOS B Figure I\Chemlcal structuresEg)f the macrocycles reported
BWCTHELRKREZH> T, Z in this presentation.
VVES T%E'%fifﬁzﬂ( RGN AR ENTE—F T, %@%’7< TRAGKFZERE D B
2%, LIzRoT, AT urILHEDEANZ L > TERIRD TOE 1 - SLIRIMEE 2 24k
b9 2% Lo BURTIL, KR L LT?EF%F]TE?‘@%E@M?% < ﬁ;*%ézhfia 0. ~TrILED
HEONR, BRROE IS HRT DR AR ES IR, H LWET - LFREEDIFHIC S22
INDAREMEDN B Do FEIHF 1L ZAVE T RFEAEDN D 72 2 BAF DB IRE# D ZRAEHL
AT B IEROEANEIT> TE PIZNLRFEPO T A B FICEES X 52 & T,
EAROMEICERT2arvhA—ya v HREEDOR L BREBNOILEILIESL =
Bk L7z (Figure la) ', F72, ZEBBIICE R F 200 EATLZ LICED, H
AR MVOBEE R ERE Y 7 b EBIRIEMZ L L7z (Figure 1b) 2, X 512,
MR A2 B ERL=y F2BREETICEEEICRET S L. T T 12 1
@E;ILE Wi AAER DRI S 1L, 2 DOBRBEN ALY v 7 LI

BIEREENSGOND Z EEH LT L (Figure 1) 2,

[1] Ohtani, S.; Akine, S.; Kato, K.; Fa, S.; Shi, T.; Ogoshi, T. J. Am. Chem. Soc. 2024, 146, 4695. [2]
Ohtani, S.; Nakaguchi, K.; Kato, K.; Ogoshi, T. Chem. Asian J. 2024, 19, ¢202400106. [3] Ohtani, S.;
Murakami, K.; Nakaguchi, K.; Kato, K.; Koo, Y.; Seki, S.; Ogoshi, T. J. Am. Chem. Soc. 2025, 147,
24793.
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Nitrogen-Doped Triptycenes: Synthesis and Applications in Chiral Materials (Graduate School
of Science, University of Hyogo)ORyo Inoue

Nitrogen atom doping (NAD) into n-conjugated systems has emerged as a powerful strategy
for tuning electronic structures and introducing basicity, and has been widely applied in n-type
semiconductors and emissive materials. However, NAD in three-dimensional (3D) =-
conjugated systems has remained largely unexplored due to synthetic challenges, despite its
potential to generate advanced functions through the synergy between molecular topology and
nitrogen atom properties. We successfully developed key precursors and synthetic methods to
introduce NAD into triptycene, a representative 3D molecular scaffold. The resulting
compounds exhibited NAD-induced chirality, leading to the first ternary circularly polarized
luminescence (CPL) switching based on acid—base titration, as well as highly unique molecular
assembly behaviors. These results establish a new design principle for functionalizing 3D =-
conjugated systems and demonstrate an original approach to advanced photofunctional
materials.

Keywords : Triptycene; Azatriptycene,; Chirality, Circularly Polarized Luminescence
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