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Learning health system and open science platform aiming for a new independent social security

system (' Facultyof Engineering, Kyushu University, *Center for Molecular Systems Science,
Kyushu University, *Center for Future Science, Kyushu University )O Yoshiki Katayama,"*?

Digital health technology has developed rapidly in recent years. These technologies have the
potential to change medical system itself in the future. However, rather than developing
individual technologies separatory, building a system that can sustainably generate innovation
by backcasting the future of medical care is more effective in ensuring social competitiveness
and achieving well-being. .

We have launched an open science platform to sustainably create value through DX-type
research methods that create value ideas from medical real-world data. In addition, we have
started working toward the realization of a future medical system. This system is a hyper-
individualized medical care system that uses a Learning Health System that connects
individuals with data and can improve feedback to individuals at high speed. Furthermore, by
combining this with the open science platform, we aim to establish a new model for developed
countries that will ensure industrial competitiveness and couple the new businesses generated
from this to make social security independent. Here, we will introduce these initiatives, the
ideal state of digital health, and the current results.

Keywords : Learning Health System; Real World Data; Medical DX, Patient Engagement,
Open Sciences
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HHED VAT LEEEST D Z EPEEOBSFIHERE T =L E— A T DOERIC
IR TH B,
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Saliva and intestinal flora check for health care (' National Institute of Advanced Industrial
Science and Technology, * University of Tsukuba) ORyoji Kurita,'* Ryo Nishihara,' Syunsuke
Tomita'

We have developed molecular recognition materials and analytical methods for specific and
semi-specific analysis of biological samples for easy and rapid identification of disease and
stress. In this talk, we will show the artificial luciferins that specifically emit light from human
and viral proteins, and stress discrimination using polymer probes and multivariate analysis,
focusing on saliva and feces.

We have succeeded in finding pseudo-luciferase activity in a human protein by designing
luciferin structure. This makes it possible to detect target proteins just by mixing. We believe
that pseudo-luciferase activity can be found in other proteins as well, and are exploring its
application to infectious disease testing.

On the other hand, there are not always biomarkers that can uniquely determine biological
information due to the complexity of living organisms. In contrast to the specific analytical
methods described above, we are also developing analytical methods that mimic human taste.
We have prepared various fluorescent probes, and perform discriminant analysis. In this
presentation, we would like to introduce stress discrimination from feces with the aim of
expanding the application to the discrimination where no clear biomarker is known.

PR A N L ADE S « Bl 7258 2 B 5 U, R0 & OVMERF BAY 12 ARG
B2 8T 5 12O D53 TR BRCIRITIE . 2 b DT A LI K B 31 A Y
B A D T D, ARFEE TIE, (KR ERICY v 7V ES AT BE 2R M0 #E0H Z2 Hhia T,
ERRTAINWAL R TRBIIZHEETDANT AT 7 =Y VAR E 7 e —
TREL BB A WA B L BN OWT TR 5,

Hxid, e RO FETLIX UV EIZBWCH LY 72 v () 2%ET
HZETRUM N Y 7 =7 —BIEEZ ARHT Z LI LTWaD, ZO3SEE %
ETHI LTI NREAET ) CHERGE S R T Ea T 5 Z ENAHEICR Y
BEAE O HE % B D R Z BRI CTE D EE X TCWVWDH, B FUAMIBWTHE
vy 7 =7 —BiENZ RHE 5 LB 2 BT BYEMRAE~DORMAZEZE L T\ D,

—J7. EMOBHS P 2T, EEREHRE —BICRES T OND A A ~—h
—FEIET D LIRS 720, BEIR U7z "—sf—" ORAUTIES < B A HTEICKT L
T, B FOBRREZEH LT "Zxt2" ONHEDRE LED T D, BIKPE/BKE,
NFF M T = A MR DT 0 — T AR L, IREEOEE AT b L
Bk T—2 ¥ v b & LIREHAMRNT s B EIBIAT 21T > TV 5, 3B O BRI 1E
D36 DHIBIAIH A AIREIZ 72 V) | BAREZR S A A~ — T D30 53 T 7RV IR BEHI B~ 3
MR Z BIE L, KRE#HE TIZEELD DR L ZHBNZOWT THEA L0,

1) R.Nishihara and R. Kurita et al., Bioconjugate Chemistry, 2020, 31, 2679-2684.
2) R. Nishihara and R. Kurita et al., ACS Central Science, in press
3) S. Tomita and R. Kurita et al., Chemical Science, 2022, 13, 5830-5837.
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The present and future of digital healthcare from a perspective of gut environment ('Microbial
Research Center for Health and Medicine, National Institutes of Biomedical Innovation, Health
and Nutrition (NIBIOHN)) OJun Kunisawa'

In recent years, the concept of 'health from the gut' has attracted a lot of attention, the key to
which is the 'gut environment'. The gut environment is mainly formed by the interaction
between food components, gut bacteria and the host, and defines our health. Related to this
issue, there is growing interest in the functionality of gut bacteria and food, but it is well
recognized that gut bacteria vary widely from individual to individual, and that there are also
individual differences in the effects of food. We are conducting research to elucidate the
molecular basis of these individual differences in the gut environment and to link them to the
maintenance of health and diseases, by integrating analysis of human samples and basic
research such as animal models. Furthermore, social implementation is also underway with the
aim of realizing a new society brought about by 'personalized and stratified nutrition' and
'precision nutrition'. In this presentation, I would like to introduce our research, including from
the perspective of digital healthcare, on the discovery of intestinal bacteria that affect health
effects, a system for predicting the effects of food, and efforts to realize a new society that
proposes food suitable for each individual.

Keywords : Commensal bacteria, Food, Immunity
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Precision analysis of the microbiome, from big data to manufacturing (‘bitBiome, Inc., *School
of Advanced Science and Engineering, Waseda University) OMasahito Hosokawa'*

Biomanufacturing is attracting attention as a means of both solving social problems and
achieving economic growth. To maximize the potential of biomanufacturing, the key to
development competitiveness lies in the ability to procure materials that can be processed and
manufactured from the vast number of microorganisms on the earth. We possess the technology
to sequence microbial genomes at the single-cell level (bit-MAP®), enabling us to obtain
precise genomic information from various microbiome samples. In addition, we have built the
microbial genome database (bit-GEM) consisting of 1.3 billion genes. We support next-
generation biomanufacturing by integrating synthetic biology, Al, and robotics technologies to
create bioproducts from big data. In this presentation, I will introduce our core technologies
and application examples.

Keywords : Microbe; Genome; Biomanufactruing
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Cycle performance of the lithium metal anode and solid-electrolyte interphase formation in
ionic liquids (Faculty of Science and Technology, Keio University) (ONobuyuki Serizawa,
Yasushi Katayama

The formation of the solid-electrolyte interphase (SEI) formed on a Li and Cu electrode and
the cycle performance of the Li anode were investigated in two bis(fluorosulfonyl)amide
(FSA™)-based ionic liquids containing a high concentration of LiFSA using X-ray
photoelectron spectroscopy (XPS), transmission electron microscopy, electrochemical
impedance spectroscopy, and the redox probe method. The aging of the SEI was detected by
the XPS spectra of the outermost surface of the SEI although the growth in thickness of the
SEI was negligible, suggesting that the SEI formed in the ionic liquids was a gelled layer
containing the decomposition products of the electrolyte components. The Li anode became
sparse and porous after the deposition and dissolution cycles, probably due to the
inhomogeneous reaction through the aged SEI accumulated in the anode.

Keywords : Lithium anode; lonic Liquids,; Secondary Battery, Solid-Electrolyte Interphase
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T 1:1 @ LiFSA % %fi# L 7= BMPFSA (BMP": 1-butyl-1-methylpyrrolidinium)3s & Of
MOEMPFSA (MOEMP": 1-methoxyethyl-1-methylpyrrolidinium) HZ331F % Cu B L
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FEOGHMN SR DN A LT (Fig. 1) Y.
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1) E. Peled, D. Golodnitsky, and G. Ardel, J. Electrochem. Soc., 1997, 144, 1.208. 2) G. M. A. Girard,
M. Hilder, D. Nucciarone, K. Whitbread, S. Zavorine, M. Moser, M. Forsyth, D. R. MacFarlane, and P.
C. Howlett, J. Phys. Chem. C, 2017, 121,21087. 3) R. Furuya, T. Hara, T. Fukunaga, K. Kawakami, N
Serizawa, and Y. Katayama, J. Electrochem. Soc., 2021, 168, 100516. 4) N. Serizawa, R. Yamashita, and
Y. Katayama, J. Phys. Chem. C, 2023, 127, 10434. 5) S. Kato, N. Serizawa, and Y. Katayama, J.

Electrochem. Soc., 2022, 169, 076509. 6) S. Okazaki, N. Serizawa, and Y. Katayama, Electrochemistry,
2024, accepted.
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Recent research progress on positive electrode materials for advanced lithium-ion batteries
(Department of Chemistry and Life Science, Yokohama National University, Yokohama, Japan)
Naoaki Yabuuchi

The demand for electric vehicles equipped with Li-ion batteries is growing to
develop low carbon society. Ni-enriched layered materials are used as electrode
materials of Li-ion batteries for electric vehicle applications. However, available
reversible capacity of Ni-enriched layered materials is approaching its theoretical limit.
Therefore, innovation and development of new positive electrode materials are
necessary. Recently, many cation-disordered rocksalt oxides have been proposed as
a new series of electrode materials. Nevertheless, insufficient electrode kinetics for the
cation-disordered rocksalt system limits its use for practical applications. One simple
strategy is synthesizing nanosized materials to overcome a problem of electrode
kinetics (for electrons, holes and ions), and electrode kinetics are significantly
improved through nanosizing.!* Structural disordering also triggers unique electrode
properties associated with different local environments for cations/anions.*” From
these results, we discuss the advantage and uniqueness of nanostructured cation-
disordered rocksalt materials for high-energy advanced Li-ion batteries.

References

1) Y. Kobayashi ef al., and N. Yabuuchi, Materials Today, 37, 43 (2020).

2) M. Sawamura et al., and N. Yabuuchi, ACS Central Science, 6, 2326 (2020).
3) J. Yun et al., and N. Yabuuchi, PNAS, 118, €¢202496911 (2021).

4) N. Yabuuchi, Current Opinion in Electrochemistry, 34, 100978 (2022).

5) R. Fukuma et al., and N. Yabuuchi, ACS Central Science, 8, 775 (2022).

6) I. Konuma et al., and N. Yabuuchi, Nature Materials, 22, 225 (2023).
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Development of lithium-ion batteries using oxide-based anode
(Corporate Research & Development Center Toshiba Corporation)
OKeigo Hoshina, Yasuhiro Harada, Norio Takami

Promising rechargeable batteries are required for the electrified society. Especially, the
batteries for so-called heavy-duty vehicle such as track, bus and taxi require fast charging and
long-life performance because those commercial vehicles are operated at high utilization rates.
Lithium-ion batteries using oxide-based anodes are good candidates for those applications. As
a representative oxide anode, lithium titanate shows ultra-fast charging and long-life
performance. And increasing energy density is an issue of the batteries. In order to increase
energy density of the batteries, we have developed niobium titanium oxide anode with high
capacity® 2. In this paper, we report that the character of the niobium titanium oxide anode and
electrochemical properties of lithium-ion batteries using the niobium titanium anode.
Keywords : Lithium-ion battery, Oxide-based anode
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1) N. Takami, K. Ise, Y. Harada, T. Iwasaki, T. Kishi and K. Hoshina, J. Power. Sources, 396, 429 (2018).
2) K. Ise, S. Morimoto, Y. Harada and N. Takami, Solid State lonics, 320, 7 (2018).
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Rational Creation and Stress Sensing Application of Mechanical-Stimuli-Responsive
Luminescent Organic Soft Crystals (‘Graduate School of Engineering Science, YOKOHAMA
National University, ’PRESTO, JST) OSuguru Ito'~

The mechanochromic luminescence (MCL) phenomenon, characterized by changes in
photoluminescence color in response to mechanical stimuli, represents a typical stimuli-
responsive behavior exhibited by soft crystals. However, the rational creation of soft crystals
expressing MCL is challenging. Furthermore, the difficulty of forming and processing single
crystalline and powdered soft crystals also poses a challenge for their practical application.
This presentation will discuss our molecular design strategies for obtaining MCL-expressing
organic soft crystals and luminescent organic crystalline thin films for stress sensing.
Keywords : Soft Crystals; Organic Crystals; Luminescence; Mechanochromism, Stress Sensing

FERREOHL I IGE U COREERF O RN ET 2 A /) 70 v 75t (MCL)
X, Y7 b7 U RZAPTRTREN RIS E B O —>Th 5 (Fig. 1), L L,
MCL #R$ Y7 7 URZNEZEHICHED Z LIZREETH Y | OB RO
V7 K7 URZNVORIEI TR LW RS FEAIZAT EREE o> T D,

KA TIE Fx DR LT R —PE e 7T 7 v 72—V OERER Z BT 5 0 7%
FHCES MCLEA#E Y 7 F 27 U A X )L ORI (Fig. 1b)37 L | R —« A8—H—.
7 727 H—T MCL 431 Ofb db I X 205 7185 (Fig. 10) I oW Cilgam 3 5.

©F Typical mechanism of MCL (c) O Donor Acceptor
Mechanical >_®_ _H
e s R ki
hv 11111 e N (] \ O Spacer
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(b) crystalline
Donor R?  Acceptor Donor Acceptor \ thin films
‘s’
Self-recovering MCL Versatlle MCL

Fig. 1 (a) Typical mechanism of MCL. (b) Donor—acceptor-type MCL compounds. (c) Stress
sensing by luminescent organic crystalline thin films.

1) S. Ito, Chem. Lett. 2021, 50, 649 (review). 2) S. Ito, J. Photochem. Photobiol., C 2022, 51, 100481
(review). 3) S. ITto, T. Yamada, T. Taguchi, Y. Yamaguchi, M. Asami, Chem. Asian J. 2016, 11, 1963. 4)
S. Ito, T. Taguchi, T. Yamada, T. Ubukata, Y. Yamaguchi, M. Asami, RSC Adv. 2017, 7, 16953. 5) S.
Nagai, M. Yamashita, T. Tachikawa, T. Ubukata, M. Asami, S. Ito, J. Mater. Chem. C 2019, 7, 4988. 6)
S. Takahashi, S. Nagai, M. Asami, S. Ito, Mater. Adv. 2020, 1, 708. 7) T. Yagi, T. Tachikawa, S. Ito,
CrystEngComm 2023, 25, 2379. 8) {FHiEfE, AR IL#A%, RilE 2023-92650.
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Development of industrial production processes using natural phenomena (Mitsubishi
Chemical Corporation’ Yoshihiro Uozu

Among natural phenomena, we will focus on the diffusion of substances. By controlling the
diffusion phenomenon through polymerization reactions, it has become possible to produce a
variety of phenomena. By using these phenomena, we have been developing various functional

materials.
In this lecture, I would like to explain the details of these development projects from the

basic concept to product development.
Keywords : self-organization, diffusion, polymerization, refractive index distribution, anti-
reflection
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1) MEELL, L —Z, SafimsCEE 2003, 60, 22

2) fEEL, EEHENL, &0 2004, 61, 51

3) oL, IREEI. JIRBR, BHERTT, S0 572 TR 2006, 55(2), 3413
4) I, BEHERE RS, IR, JJiMak ], 2006 4R 15 B Y v —#E T 4+ —
7 I, 2PBI12

5) P. B. Clapham & M. C. Hultley, Nature 1973, 244, 281

11) T. Yanagishita, K. Yasui, T. Kondo, K. Kawamoto K. Nishio, and H. Masuda, Chem. Lett.
2007, 36, 530
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Development of thermochromic vanadium dioxide nanoparticle composite films for smart
windows ('"KONICA MINOLTA, INC.)

(OShoichi Yamamoto'

Smart windows are an energy-saving technology that provides advantages in both summer
heat management and winter heat utilization. This study focuses on the development of smart
window materials that utilize monoclinic vanadium dioxide (VO2(M)) nanoparticles dispersed
in a polymer matrix. These materials exhibit infrared thermochromism induced by the metal-
insulator transition.

Our approach integrates computational science and rapid synthesis processes to create
thermochromic vanadium dioxide nanoparticle composite films with excellent optical
properties. The development process can be reached by two synergistic factors: predicting
optical functionality for nanoparticle dispersion and controlling crystalline phase and
morphology in nanoparticle high-speed manufacturing.

Firstly, we developed a multi-scale optical calculation framework to predict the optical
properties of nanoparticle-dispersed materials. This framework amalgamated first-principles
calculations, electromagnetic optical calculations®, and theoretical geometric domain
equations. Verification was achieved by comparing the experimentally obtained data with the
calculated dielectric function and crystal distortion resulting from chemical doping.

Secondly, VO2(M) nanoparticles were obtained by a continuous hydrothermal flow synthesis
(CHFS) method?. This system enables rapid/high temperature heating by mixing the precursor
suspension with supercritical water in the flow reactor of CHFS, drastically reducing
crystallization time from hours to seconds. The method also allows precise control of particle
size (< 30nm) and confirmed the formation of mixed crystals through chemical doping.

VO,(M) nanoparticles composite films produced using our developed process exhibited high
visible light transmission and significant infrared thermochromism. This is attributed to the
small size of the crystalline nanoparticles and suppressed aggregation within the polymer
matrix. This work is expected to be an important step toward the development of nanoparticle-
dispersed materials with optical functions and the industrial application of smart windows.

Keywords : smart window, vanadium dioxide, nanoparticle, optical simulation, flow synthesis
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1) A. Varadwaj and T. Miyake, ChemistrySelect, 2022, 7, €202200171.

2) MJF IEA, TN R, F 13 [H, 57 R A= 2019.

3) D. Malarda et al., Chem. Rev. 2017, 117,17, 11125-11238.

4) S. Yamamoto and M. Fuji, 8th Asian Particle Technology Symposium APT2021 2021.
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Application of Computational Chemistry for Soft Crystals (CONFLEX Corporation) O
Naofumi Nakayama

In this presentation, I introduce the computational chemical researches for Soft Crystals
which are categorized by three divisions: 1) construction of force field parameters of metal and
ligand for reproducing molecular crystal structures, 2) stability analysis for crystal structure by
molecular crystal calculation, and 3) analysis for the behavior of molecules in crystal by
quantum chemistry calculation.

Keywords : Classical Force Field;, Quantum Chemistry;, Molecular Crystal; Metal-Organic
Complexes; Crystal Structure Optimization
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CGRRBE L) Om 5k
Redefining Battery Science Based on Electrolyte Energetics (Graduate School of Engineering,
The University of Tokyo),O Atsuo Yamada

We show that the “liquid Madelung potential” (Evrm) based on the conventional explicit
treatment of solid-state Coulombic interactions enables quantitatively accurate expression of
the electrode potential, with the Epm shift obtained from molecular dynamics reproducing a
hitherto-unexplained huge experimental shift for several electrode'?. Thus, a long-awaited
method for description of the electrode potential in any electrochemical system is now
available?.

Keywords : Electrode Potential; Liquid Madelung Potentail; Debye-Hiickel Theory
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(APB #r:Ux4t) O#fIT 2P
The study of All Polymer Battery (APB Corporation) (OHideaki Horie

Since the invention of the battery, batteries have evolved to the present day while retaining
their metal-based structure, including the case and current collector. A completely new battery
design concept, using resin as the basic structure, was proposed for the first time in the world
by the speaker, and is being created through research and development of the principle, design,
and mass production process in the past 20 years or more. By changing the battery backbone
to resin and adopting a bipolar structure, this new design concept aims to (1) end thermal
runaway in principle, (2) achieve higher battery performance, (3) lower cost through ultra-
simplification and acceleration of the manufacturing process, (4) greatly increase the degree of
freedom of shape and structure, and (5) create a completely new method of recycling.

Lithium-ion batteries have been applied to high-performance information equipment since
the 1990s, and have been a brilliant success in human history. In the future, they are expected
to be applied in earnest in the field of massive energy storage for large stationary devices and
EVs. The addition of the magnificent and solid science and technology of polymers as a new
pillar is expected to promote even greater development. We believe that this new design
concept will be applied to various applications in the future and will greatly expand the
concepts and domains of the various artifacts that will be created in the future.

Keywords : Polymer Current Collector; Gel Polymer; 3D FElectrode; Bipolar, Thermal
Runaway
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Development of Lightweight Organic Rechargeable Batteries
(National Institute of Advanced Industrial Science and Technology, AIST) OMasaru Yao

Using redox active organic compounds as positive electrode materials can be a solution for
the resource problem of the present rechargeable lithium batteries. Also, organic materials can
show high capacity based on their multi-electron redox reaction, which contributes to the
development of a light-weighted and high gravimetric energy density battery. We have been
working on cyclic compounds bearing carbonyl groups'? and have reported that some
materials show high capacities exceeding 400 mAh/g.* For further increase in capacity, the use
the redox reaction of nitrogen nuclei is effective. As an example, we synthesized a phenazine
analogue which shows a high capacity of more than 600 mAh/g. Also, the mechanism analysis
is important considering a practical application. In this presentation, some analytical techniques
will be explained in addition to the charge/discharge performance of our organic battery
compounds.

Keywords: Rechargeable Battery;, Heavy Metal-free; Benzoquinone, High-capacity,
Charge/Discharge Mechanism Analysis
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Figure 1: Charge/discharge reactions of (a) 1,4-benzoquinone and (b) naphthazarin Li salt,
along with (c) an initial discharge curve of a naphthazarin dimer.

VAL, BRI VR = VEORIFITINZ, A 2 VEMOBRILETZFH LZEs
BIEHCED A TWS, BERMICIE, 7= F P BRICH LRV EEA LY
BREERRLTEY ., 600 mAh/g X 2R EZfERE L TV A (Fig. 2)Y, AT, Fik
BRED A7 BT, RMEME LT OEE CTH Y | Fox L, BE OB EOSHT
ICHWBND X BRIEHTZ2 AW fEHT<e, 'H-NMR, IR, UV-Vis %D/ BTz,
'Li-NMR, EDX, XAS. EELS X°, DFT #lRIC K Hf5mkEBOE A HEES I 2 L—
a2 VEEHOTERZ ZRAREN D O R ZHTICIEN L TS, B EIT, FaEoFHLwn
FHEROFIE R T 5 LT, £ 5 LT FEIC OV THENT 5,

a b 47
] [
L L
Li _Li —a 3 F
~o Li (e} : % L
Discharge | > L
+6Li", +6e N > o L
oA [
20 L
Charge l?l 8 1 F
-6Li*, -6e* ) 3 C
0 Li O L
Li : SLi >
0

0 100 200 300 400 500 600 700
Capacity, mAh/g

Figure 2: (a) Charge/discharge reaction of phenazine-1,4,6,9-tetrone and (b) its initial

discharge curve.

1) M. Yao, H. Senoh, S. Yamazaki, Z. Siroma, T. Sakai, and K. Yasuda: J. Power Sources, 195, 8336
(2010).
2) M. Yao, S. Umetani, H. Ando, T. Kiyobayashi, N. Takeichi R. Kondo, and H.T. Takeshita: J. Mater.

Sci., 52, 12401 (2017).
3) M. Yao, N. Taguchi, H. Ando, N. Takeichi, and T. Kiyobayashi: Commun. Mater., 1, 70 (2020).
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Development of Photo-functional Softcrystal Molecular Materials Based on the Lanthanoid
Elements (Institute for Chemical Reaction Design and Discovery (WPI-ICReDD), and
Graduate School of Chemical Sciences and Engineering, Hokkaido University) Yasuchika
Hasegawa

Lanthanoid(III) complexes with organic ligands are well-known as attractive luminescent
materials with their characteristic narrow emission bands. The lanthanoid(IIl) complexes show
characteristic photophysical properties derived from the 4f-4f transitions. The 4f-4f emissions
from Tb(III), Eu(IIl), and Sm(III) complexes play a role in the design of monochromatic green,
red, and deep-red luminescent materials for displays and sensing devices. The lanthanoid(I1I)
clusters, and coordination polymers are also prepared by the combination of lanthanoid(III)
ions and organic ligands. In this presentation, development of photo-functional softcrystal
molecular materials based on the lanthanoid(Ill) complexes are introduced.

Keywords : lanthanoid; luminescence; complex, cluster; polymer
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1) Y. Hasegawa, S. Shoji, Y. Kitagawa, Chem. Lett. 2022, 51, 185.

2) P.P. Ferreira da Rosa, Y. Kitagawa, S. Shoji, H. Oyama, K. Imaeda, N. Nakayama, K. Fushimi, H.
Uekusa,K. Ueno, H. Goto, Y. Hasegawa, Nature Commun. 2022, 13, 3660.

3)S. Shoji, H. Saito, Y. Jitsuyama, K. Tomita, Q. Haoyang, Y. Sakurai, Y. Okazaki, K. Aikawa, Y. Konishi,
K. Sasaki, K. Fushimi, Y. Kitagawa, T. Suzuki, Y. Hasegawa, Sci. Rep. 2022, 12, 17155.
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2023, 62, 16794.
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Utilization of Machine Learning in Molecular Crystal Development (' Center for Data Science,
Waseda Univresity) OTakuya Taniguchi'

In this presentation, I discuss the development of molecular crystals utilizing machine
learning. Structural phase transitions, which occur upon heating and cooling, are difficult to
predict, and theoretical calculations are not suitable for material screening. I utilized machine
learning to screen for molecules with a high likelihood of exhibiting structural phase transitions
and discovered novel crystals. Furthermore, I evaluated the prediction accuracy of elastic
modulus calculations using machine learning potentials and screened molecular crystals with
various Young's moduli.

Keywords : Machine learning; Molecular crystals, FElastic modulus; Structural phase
transition, Materials informatics
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Filming molecular vibrational and rotational movies and its application to molecular science
studies (School of Science, Kitasato University and School of Science, Tokyo Institute of
Technology) OKenta Mizuse

Visualization of ultrafast molecular motions is one of the direct and powerful approaches to
understand dynamic properties of molecules. It has been, then, an ultimate purpose in physical
chemistry community to take clear snapshots of molecules of interest. Recently, advances in
ultrashort laser techniques and sophisticated imaging methods have made it possible to record
molecular movies, which are real-time structural and orientational motions of molecules as
vibrational and rotational wave packet dynamics. For example, we succeeded in observing
rotational wave packet dynamics in nitrogen molecules by applying a femtosecond time-
resolved Coulomb explosion imaging?. At this stage, new questions arise: What kind of
information can we learn from the observed molecular movies? How can we extend molecular
movie experiment to unexplored world of chemistry? In this talk, brief introduction of recent
progresses of our wave packet imaging studies will be given, followed by prospects of
molecular science studies based on molecular movies?.

Keywords : Molecular movie; Femtochemistry, Spectroscopy, Clusters
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IZOW TR FREELE OB B ORI R (R ¥ A I 7 ) & U TR B
THZENARRIZAR D Db b, Fl2IXTHE HIL, EHR0 FICIHFEIEREE LV A%
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1) K. Mizuse, K. Kitano, H. Hasegawa, Y. Ohshima, Sci. Adv. 1, €1400185 (2015).
2) K. Mizuse, U. Sato, Y. Tobata, Y. Ohshima, Phys. Chem. Chem. Phys. 24, 11014-11022 (2022); K.
Mizuse, K. Takano, E. Kakizaki, Y. Tobata, Y. Ohshima, J. Phys. Chem. A 127, 4848-4855 (2023).
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Effect of Structural Fluxionality of Gas-Phase Molecular/Metal Clusters on their Electronic
and Bonding States (Graduate School of Advanced Science and Engineering, Hiroshima
University) (OSatoru Muramatsu

In molecular and metal clusters, the flexible rearrangement of relatively loose intracluster
bonds allows for facile isomerization with low internal energies, such as at ambient temperature.
In this talk, I share our recent two studies related to such structural fluxionality of gaseous
molecular/metal cluster ions: (1) temperature-dependent shift of the charge-resonance band of
[(CS2)2]", and (2) collision-induced fission of the oblate superatomic core in [Aus(PPhs)s]*".
Keywords: Structural fluxionality, Molecular cluster, Metal cluster, Gas-phase spectroscopy,
Cryogenic ion trap
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DERR S A RN C TR LT D 2 s, RO Y AT 201727 T
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) TNV —TRBICEMEEL 2D 2L ("HEEODLE") NEFLND, Z0%
s & IREE - ZEMOMOMBEEH LML, O EITHR LTI D5
Sk R+ 2 &3, WOV AT AOBRICRAIRTHY, TDO=DIcFH 0N
B 2 M 6O T & To RABIINL A A T 2 0 oy (BIURIR A A2 b Z v 7L fg
By ek, ESHRMBEFE &oME) 3l 7 a—F Tho EB X LNDH, Al
BT, SNODOFEICK Y A LT/ &R T AX—A AN T 5L F OB
%%WDL#'%L@@%%WEAﬁ%m#m_kﬁb,ﬁm%ﬁoo
(1) “HibIRFE T T A X —TF P HNVIEA A U[(CS2).]” (K 1a) OERFILIBILIL N R

DI 7 M1]

(2) RAT ¢ R4 T A —[Au(PPhy)s]*" (X 1b) 23 3 2 IR - =2 7 O fff

ZE LB 2]

(b) [Aug(PPh,)g]**

(a) [(CS,),1

Fig. 1 Target cluster ions in this study. (a) [(CS2)2]* and (b) [Aug(PPhs)s]>*.

[1] Koyama, M.; Muramatsu, S.; et al. in revision. [2] Muramatsu, S.; et al. J. Phys. Chem. Lett. 2023,
14,5641.
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Cooperative hydration effect on ion recognition probed by cryogenic ion spectroscopy
(*Graduate School of Science, Tokyo Institute of Technology) OKeisuke Hirata'

Ionophores are molecules that selectively bind to certain ions and are applied to various
functional materials due to ion selectivity. Although ion recognition is thought to be determined
by the complementarity between the size of the ion and the shape of the host molecule, such a
simple understanding is sometimes faced with a contradiction to experimental results. For
example, 18-crown-6 selectively binds to K™ in an aqueous solution but strongly binds to Li*
in the gas phase.'? This indicates that water is deeply involved in the mechanism of ion
selectivity. In this study, we aimed to elucidate the hydration effect of ionophores on ion
selectivity using an original methodology combining mass spectrometry and cutting-edge gas-
phase laser spectroscopy. It was found that the conformation of 18-crown-6 changes from
closed-type to open-type by hydration with one/two water molecules. This conformational
change would be responsible for the ion selectivity and the cooperative structural effect among
an ion, an ionophore, and water molecules plays an essential role in ion recognition.
Keywords : Infrared spectroscopy, lon recognition, gas-phase spectroscopy
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Closed Open
1) Z. Jing et al., J. Mol. Liquids 2020, 311, 113305. 2) J. Oomens et al., J. Phys. Chem. A 2010, 114,
7048.
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Adsorbed Water on Glass: Its Structure Strongly Influenced by Cation Doping (Water Frontier
Science Research Center, Tokyo University of Science) OShu-hei Urashima

While physical/chemical properties of glass have usually been controlled by adjusting its
cation composition, it is still difficult to obtain desired surface properties such as wettability
and friction coefficient. The difficulty arises because the surface properties readily vary with
environmental humidity. Namely, a thin layer of adsorbed water non-negligibly alters the
macroscopic surface properties. However, the mechanism how the water layer changes the
properties and even the adsorbed water structure remain unclear, and hence the glass
composition to obtain desired properties should be empirically searched.

One of the reasons of the unclearness of the adsorbed water structure is that it is difficult to
selectively probe the adsorbed water on the surface of glass. Because the glass generally
contains abundant water as H>O or OH groups in its bulk, signals from the thin adsorbate layer
obtained by ordinary experimental techniques (such as IR absorption) are totally overwhelmed
by those from the bulk. To overcome this difficulty, we have employed heterodyne-detected
vibrational sum-frequency generation (HD-VSFQG) spectroscopy, which is a surface-selective
nonlinear vibrational spectroscopy. Notably, previous studies of the adsorbed water on glass
mostly focused their attention only on silica (Si0O:), not the cation-doped glasses, with a few
exceptions.' This might be because (1) carefully made silica does not contain water in its bulk
unlike the general glasses, (2) it is difficult to prepare the glasses with arbitrary cation
composition because of crystallization, and (3) silica is prototypical materials for other silicate
glasses. In the present study, we studied the water structure on the undoped silica® as well as
Al-doped silica®, and found that the small doping of the Al gives rise to drastic structural change
for the adsorbed water molecules.

Figure 1 shows the HD-VSFG spectra of undoped and Al-doped silica obtained at the relative
humidity (RH) of 5%. While that for the undoped silica only exhibited positive bands in entire
OH region, a strong negative band appeared in the spectra of 6-13 atom% Al-doped silica.
Interestingly, the negative band gradually became weaken by further addition of Al. The same
trend was observed at any RH (measured up to 80%.) The non-monotonic change upon the Al
addition clearly indicates the importance of directly studying the multicomponent glasses, not
only the end member materials such as SiO, and Al,Os;. One of the characteristics of the
negative band is that it is very broad. By taking singular value decomposition analysis to 24
spectra (6 Al concentration x 4 RH), the negative band was found to expand to < 3000 cm™,
and was assigned to water molecules interacting with negatively charged 4-coordicated Al at
Si/ Al domain boundaries.

Keywords : Heterodyne-detected vibrational sum-frequency generation spectroscopy;
Adsorbed water structure; glass.
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[1]Y.-T Lin et al., J. Am. Ceram. Soc., 2020, 104, 1568. [2] S. Urashima et al., Phys. Chem.
Chem. Phys., 2020, 22, 27031. [3] T. Uchida et al., J. Phys. Chem. C, 2023, 127, 19055.
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Similarity scores for scoring the agreement of vibrational spectra and peak assignments
(RIKEN CPR)OKiyoshi Yagi

The assignment of spectral peaks and molecular species is performed by comparing new and
known spectra in vibrational spectroscopy. Conventionally, the comparison has been done by
visual confirmation. However, particularly for complex molecules, this task has been
formidable requiring a high level of knowledge and extensive experience. In this study, we
propose a similarity score that quantifies the degree of spectral agreement. The score makes it
feasible to carry out automatic peak assignments and molecular identifications without bias.
The method is demonstrated for a penta-peptide, Ser-Ile-Val-Ser-Phe, capped with acetyl and
NH-methyl groups (Ace-SIVSF-NHMe). Although two isomers of Ace-SIVSF-NHMe have
been measured in the previous work, their structures have remained unknown. Here, we carried
out replica-exchange molecular dynamics simulations and clustering analyses to search the
structure. Then, we calculated the vibrational spectra of candidate structures by anharmonic
vibrational calculations. The proposed similarity scores have been useful for structural
assignments by comparing theoretical and experimental spectra.

Keywords : Vibrational calculations; Anharmonicity; Spectral assignment, Polypeptides

BV EIETIE, RAASNY MVEBEIANY MV EIERT 52 & T, B —2 R
ERFRENTOND, ZAVETAY MUVHEIIAFEE A H TR TR L TV,
LorL, MR TR — 7 REDSHE 2 . 2 OEEITE VAR & B8 R ae 24
LIRS Tlhahoiz,

AIFFETIL, AT M O—HE L E (LT 5 similarity score 1R T D, 2 DD
E— 7 RS AT FVBRE @ & AR e — 7 5REE T Of L LT

(0 (521) - (212} 2
(219)(512) - (212} ®

EH 255 L&, similarity score ZLL FD X IZEFRT D,

Ny
1 2 2
o LY e - (@ -0)) o
=
S, = \/((w(z) — 0)2) — (@ — D), (4)

ST — 7 L BEN ENIEERR > TWDINERTHRIETH D, alI T A—%
T, ZORNIREE L BEDO EH HIZHEZEL ONERDTND, Fox DORERT

© The Chemical Society of Japan - A1424-2am-05 -



A1424-2am-05 BAL2S B1045SF2 (2024)

X, a=50ecm™ HIFRET HONE, SITRIEEICHT H2EERFEZTH D, 2 OD
ARY NUPRFEEIZ T DR, S, S bicErTH D, SHIC, DAY K
WG I R G EATBE L7200 THUE, SSixBrtid, /-, B—7 RN R
RHBE. RTITHABRDLEICKH LT, 2AaT7 258 L, &b/ SVWMEEZ 52 D7
BORERHT S, Aa7ZHWAZ LT, fETH A TR E—2IRRE & 1F
ENFIREE IR D,

BRI DHAaTEZHNT, 5 FRIETTF R Ser-lle-Val-Ser-Phe(SIVSF) DHRE) 2~ 7
MV ZEIR)E U=, LLRT, Kia 7 2 2 (NH2)HE T L 72 SIVSF OIREI AT kL%
JHE L7Z[2], SO, Bl SN RBEERIT LI TH -T2, Fex L7V B Ay 185
FIFREMD)GHE & 7 T A X Y U TRENTICE D . =R —WI TR TE i 1 & R R
L. FEFIREGRIC L D AT MRS ZFRE LTc, £O%, Kiigx LR =)L
(Ace) i & NH-Me H: TEAf L7 SIVSF HHIE 41, 2 DO BMEARD R S 72[3], L
ML, TOMEEITIRE CTERWEE &> T, ABFFETIL, Ace-SIVSF-NH,, Ace-
SIVSF-NHMe (Z%}9 % REMD FtH, 77 A%V 7 B L OIERFIREN R H 2317
L. similarity score Z T, A7 ML ERELZRET 5, H Oz 3 2D SIVSF
O A el LU, RIBOERNSTF FEIC G2 DA ZLRT 5,

1) Similarity scores of vibrational spectra reveal the atomistic structure of pentapeptides in multiple
basins, H. Otaki, S. Ishiuchi, M. Fujii, Y. Sugita, K. Yagi, ChemRxiv, 10.26434/chemrxiv-2023-qn9rc.
2) H. Otaki, K. Yagi, S. Ishiuchi, M. Fujii, and Y. Sugita, J. Phys. Chem. B 120, 10199 (2016).

3) T. Sekiguchi, M. Tamura, H. Oba, P. Carcarbal, R. R. Lozada-Garcia, A. Zehnacker-Rentien, G.
Grégoire, S. Ishiuchi and M. Fujii, Angew. Chem. Int. Ed., 57, 5626 (2018).
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Science of 2.5 dimensional materials: Frontier of materials science and advanced applications
(Global Innovation Center (GIC) and Interdisciplinary Graduate School of Engineering
Science, Kyushu University) oHiroki Ago

Recently, 2D materials have attracted great interest with the strong expectation of future
electronic applications, such as logic circuits, sensors, and flexible devices. In addition,
integration of multiple 2D materials, such as vertical and in-plane heterostructures, and 2D
nanospace formed between 2D materials offer new opportunities to explore materials science
and engineering. We call this new science as “2.5D materials” and have started the KAKENHI
project. Here, I will introduce our research activities based on this 2.5D materials concept.

Keywords :  2.5D materials; graphene, chemical vapor deposition; 2D nanospace; transistors
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1] https://25d-materials.jp/

2] H. Ago et al., Sci. Tech. Adv. Mater. (STAM), 2022, 23, 275.
3]Y. Takesaki et al., Chem. Mater., 2016, 28, 4583.

4] P.-S. Fernandez et al., ACS Nano 2020, 14, 6834.

51 Y.-C. Lin et al., Adv. Mater. 2021., 33,2105898.

6] Y. Araki et al. ACS Nano 2022, 16, 14075.

[7]1 Y.-C. Lin et al., Nat. Commun. in press.

[8] S. Fukamachi et al., Nat. Electron. 2023, 6, 126.

[9] M. Nakatani et al., submitted.
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Robust Artificial Olfactory Devices via Low Dimensional Nanomaterials (' Graduate School of
Engineering, The University of Tokyo, *Institute of Materials Chemistry and Engineering,
Kyushu University) O Takeshi Yanagida'? Tsunaki Takahashi', Takuro Hosomi', Wataru
Tanaka', Jiangyang Liu !

Low dimensional materials have proven their unique and useful properties and functionalities
for various device applications. One of interesting features in such low dimensional materials
is the significant amplification of interactive events with surrounding molecules on surfaces
due to the high surface/volume ratio. Here, I report robust artifitial olfactory devices utilizing
low dimensional metal oxide nanomaterials. In nature, biological olfactory systems (e.g.
olfactory receptors) are highly sophisticated, and can discriminate various odor molecules with
similar structural isomers in a wide concentration range. However, such biological olfactory
systems have faced their limitations for artificial olfactory sensor electronics, because of their
inherent vulnerability. Thus, it has been a long-standing scientific issue in material chemistry
to design robust but molecular selective odor sensing and artificial olfactory systems using
robust materials. In this talk, I will present some recent progress of my research group on robust
odor sensing and artificial olfactory devices by designing low dimensional metal oxide
nanostructures and their interfaces. ' I will also discuss that weak van der Waals interactions
between hydrophobic aliphatic alkyl-chains and hydrophilic metal oxide nanostructured
surfaces, which have been highly underestimated as interactions during molecular sensing, play
an important role on robust electrical sensing on metal oxide sensor surfaces.

Keywords : Low Dimensional Metal Oxides; Artificial Olfactory Devices, Surface Chemistry
on Metal Oxides,; Robust Molecular Recognition; van der Waals Interactions
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1) Nanoscale Thermal Management of Single SnO> Nanowire: pico-Joule Energy Consumed Molecule
Sensor, ACS Sensors, 1,997 (2016).

2) Rational Method to Monitor Molecular Transformations on Metal Oxide Nanowire Surfaces, Nano
Letters 19, 2443 (2019).

3) Thermally Robust and Strongly Oxidizing Surface of WO; Hydrate Nanowires for Electrical
Aldehyde Sensing with Long-Term Stability, Journal of Materials Chemistry A, 9, 5815 (2021).

4) Impact of Surface Cu* of ZnO/(CuixZnx)O Heterostructured Nanowires on Adsorption and
Chemical Transformation of Carbonyl Compounds, Chemical Science,12, 5073 (2021).

5) Edge-Topological Regulation for in Situ Fabrication of Bridging Nanosensors, Nano Letters, 22,
2569 (2022).

6) Water-Selective Nanostructured Dehumidifier for Molecular Sensing Space, ACS Sensors, 7, 534
(2022).

7) Impact of Lateral SnO2 Nanofilm Channel Geometry on a 1024 Crossbar Chemical Sensor Array,
ACS Sensors, 7,460 (2022).
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Development of Molecular Nanodevices Based on Single-molecule Junctions (!School of
Science, Tokyo Institute of Technology) OTomoaki Nishino!

Single-molecule junctions consist of a single molecule bridging a tiny gap between metal
electrodes (Fig. 1) and can be regarded as novel one-dimensional materials. Single-molecule
junctions exhibit a variety of unique electronic properties due to their low dimensionality, the
electronic structure of the molecules and the two molecule/electrode interfaces in close
proximity. Therefore, single-molecule junctions can be utilized for nanoelectronic devices and
are expected to become a promising building block in molecular electronics. On the other hand,
since the electron transport properties of single-molecule junctions reflect the chemical
structure of the molecules composing the junctions, they can be used for sensing applications,
and various single-molecule detection methods have been developed.

In this talk, we will present our recent results on the exploration of single-molecule junctions
for the realization of molecular nanodevices. For example, we have developed single-molecule
transistors and self-restoring single-molecule devices based on intermolecular interactions for
electronic device applications. We also report on the detection of single biomolecules such as
glucose and phosphorylated peptides for sensing applications.

Keywords : Single Molecule; Scanning Tunneling Microscope; Molecular Electronics;
Biosensors, Bioelectronics
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References. S. Fujii et al. Nat. Comm. 2017, 8, 15984. T. Harashima et al. Nat. Commun. 2021,
12, 5762. T. Harashima et al. J. Am. Chem. Soc. 2022, 144, 17449. T. Nishino et al. Chem.
Commun. 2017, 53, 5212.
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Future materials created by 2D inorganic nanosheets
(‘IMaSS, Nagoya University) OMinoru Osada’

Two-dimensional (2D) nanosheets, which possess atomic or molecular thickness and infinite
lateral lengths, have been emerging as important new materials because of their intriguing
physical and chemical properties distinct from those of their bulk counterparts. In particular,
the development of graphene has opened new possibilities of isolating and exploring the
fascinating properties of 2D nanosheets of other layered compounds. 2D inorganic nanosheets
are one of important targets in this regard due to their diversity in chemical compositions,
structures and functionalities beyond graphene. Here, we present recent progress made in the
synthesis, assembly and properties of 2D inorganic nanosheets, highlighting emerging
functionalities in electronic and energy applications.

Keywords : Inorganic nanosheets; Tailored synthesis; Controlled assembly
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1) E.Yamamoto et al., Small 2023, 19, 2300022.

2) K. Hagiwara et al., Adv. Electron Mater. 2023, 9, 2201239.

3) S.Ando et al., ACS Nano 2023, doi.org/10.1021/acsnano.3¢07861.

4) Y. Shiet al., ACS Nano 2020, 14, 15216; ACS Appl. Mater. Interfaces 2023, 15,22737.
5) H-J.Kim et al., Nano Lett. 2023, 23, 3788.

6) H. Tsunematsu et al., ACS Nano 2023, 17, 11396.
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Synthesis of polymeric materials assisted by large-scale language models and robotic devices

('Tokyo Institute of Technology, *Tohoku University)
Kan Hatakeyama', Hiroki Ishikawa', Shinya Takaishi?, Yuta Nabae', Teruaki Hayakawa'

Automating chemical research using deep learning models, such as GPT-4, is gaining
attention. One of its applications is collaboration with robotics, where precise control and
acceleration of material processes are expected. This presentation will introduce its
characteristics via polyimide synthesis. Additionally, we will discuss the status and challenges
of large language models and laboratory automation.

Keywords : Materials informatics, Deep learning, Robotics
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Exploration and Enhanced Performances of Functional Organic Materials by Small-Data-
Driven Materials Informatics (Faculty of Science and Technology, Keio University) OYuya
Oaki

Our group has developed materials informatics combining sparse modeling and chemical
insight for small data to optimize processes and explore new materials. I introduce the method
of spars modeling for small data (SpM-S) and its case studies to explore new functional organic
materials for energy-related applications, such as battery and electrocatalyst.

Keywords : Small Data; Materials Informatics, Sparse Modeling; Conjugated Polymers;
Energy-related Applications

YT UTIWNAAL T 4+=T 4 7 AMDDPER S THHH 10 D, JA b
BB~ AN EA TV D, ML 215 L72BREEEREM B OMFE & 3% A T T
%o WHETIH, ARy b7 —7vvA0FH, 7o —X KLV—7OAKIZL D H
AHEENRHITEA TND, —FF, AR A~D MI OEH X, KR E L
THEA R ENFAET D, Iz, T— X BEREN Y TRWEENRSZ N &, o1
D DITEHC T B B 72 A fr — L OF 1 & FSREO MBI N EMEZR 2 & | BAME & 2244k
Ze WL LI HTEMBEOHOR LA EE L 2 & BFZEE OB L RN ERA Lic < »
ZEREPETOND, ERILFETHLF A 1T, WP RERRO TR THLNLD
FEEE D/ NIRRT — & 2 b L0 7 1 R A LSO B TR 2 N RACAT D Toh | AN —

ZEFY LS L Small data » mp New materials
HFOEBELEEMAE LT — — Spa[sisrgodelinﬁ " ; J/.,«::;mg :u Structures
INBUET — 111 MI ] E ] le=RE
% Fﬂ"ﬁEJ:FE LT/ (Fig. ‘ ;Trenzlnln? da}ase:t 1 = h e ] MoleCules JHERE
n, AxEcE, ¢z LT LI @%?KIE&
DFEBLI R L o Prediction model .'Accurac.y -
FBHBE DD L Ll e Yo ax s by s o ::i':sf;f;::.:?.:?;yj
L Ui A SRR B -

~ @iﬁ)ﬂ %{ﬁl] Iz Researchers  -Experience -Intuition :Chemical insight

TR 5, Fig. 1. Schematic illustration of our materials informatics

Fe % 1%, 20-100 {§ combining machine learning and chemical insight for small data."
FREE D HINES & G ie/ MR 72 7 — 2 A G b LT & 72 W19, HIAESUL, IURED
BRK 23O YA REOHEE Y, BESRICENMNF O "I 5T A= LT
%o HIEEMEN S D L Z 2 DN HMIAEHEZ | HEHEORBROBEELZ S LI
2T, T — 2y NEERT 5, it T B EHATEH L7TcAR—2ET U
IR0 FEPRERBALE LR s LTt 2%, 61T, MiEE ok

© The Chemical Society of Japan - G02-2pm-02 -



G02-2pm-02 BAL$4 H104EFES (2024)

BB 2% 15 TR Y etk 72 8E L, B i D8 O ARE 1 72 5078 12> B AR
SN DMEIEFO FRE T VARG T 5, AFIETIE, SO MEF-CFLR 5 E
DRI, FFREORBRLB R L WEICHMAT 52 L T, thoFIEL AT TREE,
TAEYE GBS o) | FERRME 2 B8 (23 U7 TRIE T )V OREE N AIRE L 72 5 12,
O TRET VAW BGET L2 OS06M & 72 281k L TR RN E-S<
WA ) —= T 5275 Z & T, EREEZHOT ZENTED,

AR O FE, /INFNLT — 2\ Zk3 D A/X—AEF U 7 (Sparse modeling for small
data (SpM-S)ZFIH L. U F U LA F 2 ZIREMOEEIE « BRRIEYE ORF L IO
KB LD KRFERAEDTZ DD A XV T ) —BRIBEDOREZ 21T - 72 71, EBRLL
BN D0y T & SOSENL « B - TRV X—HKE | KERABEL R & OVEREM
20~40 2 BRI E & LTRSS L, LB EN CmEMEIK & OB & o 20 {ERiZ D
LI A Y L 7o, SpM-S IZ & » TIEMOEN « HE - TXLX—FEHE ) BLO
BMOZ R T80 KRR EREEDOTFHET VAMER LY, MELLETHET VA
HElz, i 720 D DI THEA
Morie s TRl L7 ECERKE
HID L CEBREIT o 72, ZDOFER,
WTNDRIZBWT Y, BEH# & Lk

Prediction' models

L TR Z R T HHIEY y=axp b + ..
FRMT - ERCET (Fig 2). A e
FEIT A RTO/NEBLT — Z 1210 ‘
TWHZENnD, FxrnEHTWS  Fig. 2. Exploration of new anode active
K2 IO R IT - E 4 TH%FERS  materials and metal-free electrocatalysts using
B~ b IR T & 5 19, SpM-S.71

1) Y. Oaki, Y. Igarashi, Bull. Chem. Soc. Jpn. 2021, 94, 2410 (Account). 2) G. Nakada, Y. Igarashi, H.
Imai, Y. Oaki, Adv. Theory Simul. 2019, 2, 1800180. 3) K. Noda, Y. Igarashi, H. Imai, Y. Oaki, 4dv.
Theory Simul. 2020, 3, 2000084. 4) R. Mizuguchi, Y. Igarashi, H. Imai, Y. Oaki, Nanoscale 2021, 13,
3853.5) Y. Haraguchi, Y. Igarashi, H. Imai, Y. Oaki, Adv. Theory Simul. 2021, 4, 2100158. 6) K. Noda,
Y. Igarashi, H. Imai, Y. Oaki, Chem. Commun. 2021, 57,5921. 7) H. Numazawa, Y. Igarashi, K. Sato, H.
Imai, Y.Oaki, Adv. Theory Simul. 2019, 2, 1900130. 8) T. Komura, K. Sakano, Y. Igarashi, H. Numazawa,
H. Imai, Y. Oaki, ACS Appl. Energy Mater. 2022, 5, 8990. 9) K. Sakano, Y. Igarashi, H. Imai, S.
Miyakawa, T. Saito, Y. Takayanagi, K. Nishiyama, Y. Oaki, ACS Appl. Energy Mater. 2022, 5,2074. 10)
H. Tobita, Y. Namiuchi, T. Komura, H. Imai, K. Obinata, M. Okada, Y. Igarashi, Y. Oaki, Energy Adv.
2023, 2,1014. 11) W. Hamada, M. Hishida, R. Sugiura, H. Tobita, H. Imai, Y. Igarashi, Y. Oaki, J. Mater.
Chem. A 2024, in press (DOI: 10.1039/D3TA06447F). 12) Y. Haraguchi, Y. Igarashi, H. Imai, Y. Oaki,
Digital Discovery 2022, 1, 26. 13) J. Suzuki, A. Ishizone, K. Sato, H. Imai, Y. J. Tseng, C. H. Peng, Y.
Oaki, Chem. Sci. 2020, 11, 7003. 14) M. Nakamitsu, K. Oyama, H. Imai, S. Fujii, Y. Oaki, 4dv. Mater.
2021, 33, 200875. 15) N. Ono, R. Seishima, K. Okabayashi, H. Imai, S. Fujii, Y. Oaki, Adv. Sci. 2023,
10,2206097. 16) N. Shioda, R. Kobayashi, S. Katsura, H. Imai, S. Fujii, Y. Oaki, Mater. Horiz. 2023,10,
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Co-creation of polymer properties data platform by automated molecular simulation through
industry-academia collaboration ('The Institute of Statistical Mathematics, Research
Organization of Information and Systems) (O Yoshihiro Hayashi'

In recent years, data-driven materials design techniques, known as materials informatics,
have been rapidly introduced into the field of materials research. Needless to say, the most
important resource of data-driven research is data. However, the amount of data on polymeric
materials is overwhelmingly small, and at present there is practically no polymer property
database that contributes to data-driven research. In order to develop a database of polymer
properties based on molecular simulations, we have developed RadonPy,"» a Python library
that supports the automation of polymer property calculations based on molecular dynamics
(MD) simulations. RadonPy fully automates a series of processes required to perform MD
calculations, including initial structure generation, charge and force field assignment,
equilibration and nonequilibrium MD calculations, and calculation of physical properties. The
vast computational resources of Fugaku and the industry-academia collaboration of 5
universities and 30 companies, led by the Institute of Statistical Mathematics, are producing
data with the aim of constructing a database that includes more than 103 polymer skeletons.

Equilibration calculations for about 77,000 (3 mp simulation

polymers were completed by the end 0f 2023 ce (oo xpansion conticient
using RadonPy, of which thermal .. o3 g“_mmg s
conductivity calculations for about 71,000 :*= ;i' 5 oo

polymers and Tg calculations for about ¥ i : ’

40,000  polymers  were  completed. == m,ar

Comparison ~ of the calculated —and " o s s v oo oo o
experimental values showed that there were {b) Transfor leaming Reducing biss and variance

large systematic biases and wvariations in c Linear expansion coefficient

specific heat and coefficient of linear N

20001 Llcr o

expansion. The gap between the calculated <

and experimental values can be corrected by a -
machine learning method called transition .. / g ool f "

learning, as shown in Fig. 1. To quantify the —— ) “°°°3%:TH:T:2' o e |
value of the database from simulations, we

observed a scaling law for the prediction
accuracy of transition learning with respect to
the number of simulated data. This scaling law has been shown to theoretically follow a power
law, and we observed that the prediction accuracy improves in accordance with the power law
for the RadonPy simulation data, as shown in Fig. 2. This scaling curve enables us to estimate
the number of data required for the database and the achievable prediction performance, which
is an important guideline for constructing the database.

Figure 1. Calibration of MD calculated values by

the transfer learning.
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In addition’ Bayesian Prediction of refractive index Prediction of thermal conductivity

optimization and automatic "
simulation using RadonPy
are combined to design
polymers with desired
properties. An example of
molecular  design  of
polymers with both a hlgh Number of simulation data Number of simulation data
refractive index and a high Figure 2. Scaling law of transfer learning using simulation data.

Abbe number, which are required for optical polymers, will be presented.

Keywords : Materials Informatics; Polymer Informatics; Molecular Dynamics Simulation;
Transfer Learning; Industry-Academia Collaboration
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F7o, A Aifb & RadonPy IC KA HEN U I 2 L—a U EA L, ITLEOFHE
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o NEEWNLT D DR E O FEF R 5,

1) Y. Hayashi, J. Shiomi, J. Morikawa, R. Yoshida, npj Comput. Mater. 2022, 8, 222.
2) https://github.com/RadonPy/RadonPy
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EFLFHRELRBFEEZERL-AKEL MHORFRE

(FBrRBEL ") OffEE ER '
Development of OLED materials with Inverted Singlet and Triplet Excited States (' Graduate
School of Engineering, Osaka University) ONaoya Aizawa'

Organic light-emitting diodes (OLEDs) are highly valued for thin, flexible displays but are
limited by a maximum 25% efficiency due to the 1:3 singlet to triplet exciton ratio in electron-
hole recombination. Researchers are addressing this limitation by using thermally activated
delayed fluorescence (TADF) materials, which convert non-emissive triplet excitons into
emissive singlet excitons through reverse intersystem crossing (RISC).! However, challenges
such as slow RISC and efficiency roll-off at high currents persist. To screen TADF materials
with fast RISC, this study combines density functional theory calculations and a machine
learning technique, Bayesian optimization. The presentation will cover the virtual screening
process, experimental validation, and an analysis of feature importance on fast RISC.
Keywords : OLED; TADF; DFT; Bayesian optimization; Virtual screening
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1) H. Uoyama, K. Goushi, K. Shizu, H. Nomura, C. Adachi, Nature 2012, 492, 234,
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BEREMEY D M T UTILDELE - YRR HEREET—42F
FI2KB7IO0—F

(JEEARET ! - KISTEC?) Ol 5t 2

Elucidation of Structure and Physical Properties of Functional Soft Materials: A Computational
and Data Science Approach

('School of Frontier Engineering, Kitasato University, *)KISTEC) ()Go Watanabe ">

In general, functional soft materials are composed of organic molecules, so that they have high
external field response and high flexibility. For these materials, computational science
approach is one of the useful methods to understand the structure and physical properties
between a single molecule and its molecular assembly. Data science is expected to play an
important role in the development of novel high-performance functional materials. The
presentation will highlight the new insights into the functional soft materials that have been
using computational and data science methods.

Keywords : Soft Materials, Molecular Dynamics Simulation; Data Science; Organic

Semiconductors

R NARE Y T CTH Y EBENTISEREE 7 LB ) 7 4 28T DEREN: Y
TR T U T MIBWT, EBROALTII G+ A — )V COMB BT 5 2 L I3RS
TRV, 2T, R0 TOEBEAZIE) ZENTEL I NF I —T3
ANRFEENDFHEARZHTIECEENET > TS, ITHED CPU A E U OFEHE
B91E . GPU &2 1EMH L- @t B R EOMHNLIC LY . fix REBE TICEI NS
FHEAERDOLEIRZTA T I AZHALNITH I ENAREIZ > TE TV 5,

RFEWREEENE Y 7 b~T U 7LV TH DA ER, BRI S FRI1E, R, &
Bl MBHDOE SR E OO T MRS FHEEDOENHESHSE, BIOWM I KE R E
BERITTZ < mbnTnd, ZOERERHT L7720, Fex i35y
Ra2b—va e fnT, MaMETORTF LNV TOFELE, Wb dynamic
disorder D E EHIMEATIZEL Y fHA TE 72 Y,

F 72 RO IR AR AL 72 60 (21, BESR D EER T E O 4y R E DAL,
Oy TAEE DI DG 240D LT A EA G E TR T 2 5B AR R TH D,
BT, P FHE LTI NFE Y I 2 b—a Ly AL E DY TIET, n BAK
LERDESEHEETHINFRETHLZ EERH LTS Y, &5, REE%2HE
ATZHZLT R ERBECRERICESREEZIRET 2 TEORBICLET LT
Do
ZLT, AT LY ha=g AT 34 2OERL - SHEIIZB W T, HERR Y vtk
ADWEBELHRTHZ LITTERY, ZNETIZ, BEZEAFETER-INDTELT
7 AFAOETERC, BERROEREE L L, ~T e~ Y 7 2B 5N
FOREMEZ TN L, 4SS OMBERE#ER L TWD Y,

AHHETIX, Bk X Hc, V7 =TV 7 A ExBE L CRHER ST — 2 Bl
ko THELNTEH LWHREZHENT 5,

1) T. Okamoto, S. Kumagai, E. Fukuzaki, H. Ishii, G. Watanabe, N. Niitsu, T. Annaka, M. Yamagishi, Y.
Tani, H. Sugiura, T. Watanabe, S. Watanabe, J. Takeya, Sci. Adv. 2020, 6, eaaz0632.
2) R. Ito, S. Sato, T. Seki, J. Takeya, T. Okamoto, and G. Watanabe, in preparation.
3) S. Shikita. G. Watanabe, D. Kanouchi, J. Saito, and T. Yasuda, Adv. Photonics Res. 2021, 2, 2100021.
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Exploring the Frontiers of Low-Valent Carbon: Isolable Carbyne Anions and Carbenes with
Inverted Electronic Configurations

OLiu Leo Liu" (1. Southern University of Science and Technology)
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Exploring the Frontiers of Low-Valent Carbon: Isolable Carbyne
Anions and Carbenes with Inverted Electronic Configurations

(!Department of Chemistry, Southern University of Science and Technology)
OLiu Leo Liu'
Keywords: Carbenes; Carbyne Anions; Phosphino Substituents; Electronic Structures

Phosphino groups serve as versatile m-donor substituents, playing a pivotal role in
stabilizing various unusual main group species. In our recent research, we explored the
chemistry of phosphinodiazomethylide salts grounded in bulky diazaphospholidine
frameworks, yielding several remarkable results: 1) We isolated (auro)(phosphino)carbenes,
representing one of the isomeric forms of well-established transition metal carbyne
complexes;' 2) We achieved the isolation of copper carbyne anion complexes, marking the
first-ever instance of a carbyne anion complex in the condensed phase;? 3) We isolated a ketenyl
anion, providing a powerful synthon for the generation of unconventional anions;® 4) We
isolated a free stannyne, an unprecedented main group species featuring diverse adjacent
ambiphilic main group centers;*and 6) We isolated a stable carbene with an inverted electronic
configuration.’ These findings offer valuable insights into the potential of phosphino groups
for the stabilization of unique chemical species and open up new avenues for exploration in the
field of main group chemistry.

1) Hu, C.; Wang, X.-F.; Wei, R.; Hu, C.; Ruiz, D. A.; Chang, X.-Y.; Liu, L. L., Chem 2022, 8,
2278-2289. 2) Wei, R.; Wang, X.-F.; Hu, C.; Liu, L. L., Nat. Synth. 2023, 2, 357-363. 3) Wei,
R.; Wang, X.-F.; Ruiz, D. A.; Liu, L. L., Angew. Chem. Int. Ed. 2023, 62,¢202219211. 4) Wang,
X.-F.; Wei, R.; Li, J.; Hu, C.; Zhang, X.; Liu, L. L., in revision. 5) Hu, C.; Wang, X.-F.; Li, J.;
Chang, X.-Y.; Liu, L. L., Science, in press. DOI: 10.1126/science.adk6533
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Organocatalytic Asymmetric Hydrofunctionalizations

(\Institute for Chemical Reaction Design and Discovery (WPI-ICReDD), Hokkaido University)
ONobuya Tsuji'
Keywords: Organocatalysis, Asymmetric catalysis

Alkene is unarguably one of the most ubiquitous functional groups in chemistry and can be
obtained in one step from crude oil. While the activation of olefins for asymmetric synthesis
has traditionally depended on transition metal catalysts,' recent advancement in highly
confined and strong chiral Brensted acids have enabled the activation of simple alkenes in a
highly stereoselective manner. The talk will cover recent progress in Bronsted acid-catalyzed
asymmetric hydrofunctionalization of unbiased alkenes.** Additionally, we will discuss our
recent work utilizing automated systems and machine learning for optimizing catalysts and
conditions.’

IDPi-catalyzed asymmetric hydrofunctionalizations: H
-~

o)

LM
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91%, 97.5:25 e.r.
(21 examples)
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J\/\W IDPi
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H
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(21 examples)

1) J. L. Kennemur, R. Maji, B. List, Chem. Rev. 2021, 121, 14649. 2) N. Tsuji, J. L. Kennemur, T.
Buyck, S. Lee, S. Prévost, P. S. J. Kaib, D. Bykov, C. Farés, B. List, Science 2018, 359, 1501. 3) P.
Zhang, N. Tsuji, J. Ouyang, B. List, J. Am. Chem. Soc. 2021, 143, 675. 4) R. Maji S. Ghosh, O.
Grossmann, P. Zhang, M. Leutzsch, N. Tsuji, B. List J. Am. Chem. Soc. 2023, 145, 8788. 5) N. Tsuji,
P. Sidorov, C. Zhu, Y. Nagata, T. Gimadiev, A. Varnek, B. List, Angew. Chem. Int. Ed. 2023, 62,
€202218659.

© The Chemical Society of Japan -A1422-2am-02 -



A1422-2am-03 The 104th CSJ Annual Meeting

Rare-Earth Catalyzed Hydrofunctionalization of Alkenes

(Key Laboratory of Green Chemistry & Technology, Ministry of Education, College of
Chemistry, Sichuan University, Chengdu 610064, China) O Shiyu Wang, Chenhao Zhu, Dawei
Li, Da Li, Xiaoming Feng, Shunxi Dong*
Keywords: Asymmetric Catalysis; Rare Earth; Alkene; Hydrofunctionalization, C—H
Activation

The rare earth (RE) ions exhibit distinct characteristics such as strong Lewis acidity,
regular changes in radius, adjustable coordination numbers, and non-compliance with the 18-
electron rule. These properties enable them not only to be used as highly efficient Lewis acid
catalysts in a series of organic reactions'® but also to serve as unique catalysts for important
transformations such as C-H functionalization, hydrogenation, and olefin polymerization'>,
promoting the development of highly efficient and selective synthesis. Among them, auxiliary
ligands significantly influence the stability and catalytic performance of rare earth organic
complexes, and the development of efficient auxiliary ligands is the core and key in the field
of rare earth metal catalysis. Recently, our research group synthesized and characterized a
series of novel imidazolin-2-imine-based rare earth alkyl complexes, successfully applying
them to a set of hydrofunctionalization reactions of alkenes [2a-b]. In addition, we developed
a chiral bisoxazolinato-rare earth amido catalyst system, successfully applying it to the
asymmetric hydrosilylation of internal olefins® and the addition/hydroamidination reaction of
allylamines and nitriles?®. The methodologies developed above provide concise and efficient
new pathways for the synthesis of functional organic molecules.

Rare-Earth Organic Complexes Application

Ar : [ Hydroarylation of Alkenes with Pyridines,

. Anisoles, Amines, Sulfides

@; N ;@ S(\K\r\} [ Hydroalkylation of Alkenes with Alkenes
\N‘ \ ﬁ \N‘ \ : M Isomerization of Alkenes

R
Me;S! N N SiM .
(Me;Si)z (Si e3)2 : [ Asymmetric Hydrosilylation of Terminal

RE-NHI RE-BOX g and Internal Alkenes
Imidazolin-2-iminato (NHI) Bis(oxazolinato) (BOX) ™ Asyn.m}etric Additi.oanydroamidination
Rare-Earth Complexes Rare-Earth Complexes of Nitriles Allylamines

1) For selected reviews, see: (a) Feng, X. M.; Wang, Z.; Liu, X. H. Chiral Lewis Acid Rare-Earth Metal
Complexes in Enantioselective Catalysis. In: Chiral Lewis Acids. Topics in Organometallic Chemistry,
Mikami, K. Ed.; Springer: Cham, 2017; Vol. 62, p 147. (b) Roesky, P. Molecular Catalysis of Rare-Earth
Elements. Berlin: Springer-Verlag, 2010. Vol. 137. (¢) Nishiura, M.; Guo, F.; Hou, Z. Acc. Chem. Res.
2015, 48, 2209. (d) Sun, Q.; Xu, X.; Xu, X. ChemCatChem, 2022, 14,¢202201083. (¢) Cong, X.; Huang,
L.; Hou, Z. Tetrahedron 2023, 135, 133323.

2) (a) Li, D. W.; Ning, L. C.; Luo, Q. L.; Wang, S. Y.; Feng, X. M.; Dong, S. X. Sci. China Chem. 2023,
66, 1804. (b) Wang, S. Y.; Zhu, C. H.; Ning, L. C.; Li, D. W.; Feng, X. M.; Dong, S. X. Chem. Sci. 2023,
14,3132. (¢) Zhu, C. H.; Zhou, Y. Q.; Yang, J.; Feng, X. M.; Dong, S. X. Org. Chem. Front. 2023, 10,
1263. (d) Zhu, C. H.; Zhou, Y. Q.; Zhang, J.; Li, J. F.; Wang, F.; Feng, X. M.; Dong, S. X. Submitted.
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Old dogs, New tricks: New Horizons in Group-1 Metal Chemistry
and Applications in Sustainable Synthesis

(*Chemistry - School of Natural and Environmental Sciences, Newcastle University, UK.)
OErli Lu,' Nathan Davison, '
Keywords: Alkali Metal; Organosodium; Olefination; Electride; Reduction

Despite their long history, ubiquitous natural presence (e.g., NaCl) and widespread
applications in synthetic chemistry (e.g., "Buli), our understanding of alkali metal
chemistry is far from well-developed. Herein, we are reporting new frontiers in this field:
(1) Li vs Na: Distinct Organosodium Reactivity in C=0 Bond Olefination

Li versus Na _ : .
A paradigm in organo-alkali
/\f/ /\’/\L . .

LA ZNN metal chemistry is that the

AN LiCH, N—~Na-CH, . . . .

M \/ L e j\ N sives CH, metal identity underpins their
o - \" :

/)_\ Silte, — R | — = reaction rate (fast or slow), but

RR' a Nucleophilic Methylenation R plays less important roles in

2 Addition - [NaOSiMe,] : .

their  reactivity

determining

pattern. Our recent work changed the paradigm by reporting the first “sodium-only”
reactivity: C=0 methylenation.! Follow-up works from the Lu Group expanded the

olefination methodology,? and mapped out the metal identity-ligand relationship.
(2) Room-temperature Stable Electride (RoSE) in Solvent-free Organic Synthesis

Mechanochemistry-enabled Sustainable Synthesis

&
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Traditional chemical reductants, such
as Li/Na-NHjs(liquid), suffer from
sustainability disadvantages and high
cost. And, after all, almost all the
reductions have to be conducted in
bulk organic solvents. Recently, the
Lu Group reported a new concept
reductant RoSE, which unlocked the
first solvent-free Birch reduction and
mild benzene coupling.? Moreover,
using the RoSE as a gateway, the Lu

group proved the concept of
selectively reduction of alkali metal
cations, unlocked the route to

zero-valent alkali metal chemistry.’

1) N. Davison et al., J. Am. Chem. Soc. 2023, 145, 6562. 2) N. Davison et al., Chem 2023, 9, 576. 3)
N. Davison et al., J. Am. Chem. Soc. 2023, 145, 17007.
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Exploring the Influence of Structure and Chemical Properties in Metal-Organic Framework for
Photocatalysis

OSareeya Bureekaew'. Ladawan Pukdeejorhor!. Kanyaporn Adpakpang'. Yollada
Inchongkol'. Taya Saothayanun (1. Vidyasirimedhi Institute of Science and Technology
(VISTEQ))
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Organic Synthesis by Cooperative Metal Catalysis

(Graduate School of Engineering, Kyoto University) OKazuhiko Semba
Keywords: Cooperative Catalysis, Transition-Metal Catalyst, Synthetic Organic Chemistry

Csp’-enriched molecules are increasing their importance in drug discovery due to their
target specificity.! Cross-coupling reactions with alkylmetal reagents enable rapid access to
Csp’-enriched molecules in a modular fashion.” Typically, these reactions require
pre-synthesized alkylmetal reagents. However, common alkylmetals such as
alkylmagnesium, alkylzinc, and trialkylboron reagents are sensitive toward moisture and O,
leading to laborious operations in handling them. In contrast to the typical method, a
method based on catalytically generated alkylmetals from alkenes offers several advantages:
1) Laborious operation for the reactive alkylmetals is not required. 2) Stable and abundant
alkenes serve as alkylmetal surrogates. 3) Decorated alkylmetals, which are rarely used
under the typical cross-coupling conditions, can be utilized.

Our group has contributed to developing the cross-coupling with alkenes by taking
advantage of cooperative transition-metal catalysis (Scheme 1).> In this line, we have
successfully developed hydroarylation, carboboration, dicarbofunctionalization of alkenes
that are unattainable by single metal catalysis. In this presentation, we will share recent
progress on the cross-coupling with alkenes as alkylmetal surrogates by cooperative
transition-metal catalysis.

1) F. Lovering, Med. Chem. Commun. 2013, 4, 515.
2) R. Jana, T. P. Pathak, M. S. Sigman, Chem. Rev. 2011, 111, 1417.
3) K. Semba, Y. Nakao, J. Synth. Org. Chem., Jpn. 2017, 75, 1133.
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Photocatalytic CO2 Reduction Using Mononuclear Metal
Complexes as Self-photosensitized Catalysts

(‘Graduate School of Science, Nagoya University) OlJieun Jung'
Keywords: Molecular Complexes; Carbon Dioxide; Photoreduction; Laser Flash
Photolysis; Mechanism

Photocatalytic reduction of carbon dioxide (CO,) is recognized as an important
research area owing to problems related to the depletion of fossil fuels and environmental
problems. Typical examples of CO; photoreduction by transition metal complexes were
achieved by a combination of a photosensitizer (PS) and a catalyst (Cat). On the other hand,
development of self-photosensitized metal complexes acting as both PS and Cat is
advantageous in terms of lowering the activation energy of the catalytic reaction and
controlling its selectivity. However, the development of robust homogeneous photocatalysts
has remained challenging, as most exhibit low turnover numbers (TONs).

Herein, 1 introduce structurally robust tetradentate PNNP-type metal complexes,
(PNNP)M (M = Ir, Ru, and Os), as efficient homogeneous self-photosensitized catalysts for
photocatalytic CO; reduction. The (PNNP)Ir and (PNNP)Ru complexes' are able to reduce
CO; to mainly formic acid (HCOOH) and carbon dioxide (CO) under photoirradiation (4 >
400 nm) in the presence of a sacrificial electron donor, giving the products continuously for
over 1 week. Especially, (PNNP)Ir complex furnished HCOOH with 87% selectivity
together with CO to achieve the highest TON of > 10400. Meanwhile, (PNNP)Os complex
acts as a panchromatic self-photosensitized catalyst for CO; reduction that allows the use of
a broader range of visible light. CO, photoreduction proceeded under irradiation with blue
(4o = 405 nm), green (Lo = 525 nm), or red (4o = 630 nm) light to give CO with >90%
selectivity. It is worth noting here that the major product changed from HCOOH to CO
upon replacing the metal center coordinated to the PNNP-type ligand from Ir (group 9, 5d)
to the adjacent element Os (group 8, 5d).

: L
el HOOOH | (N =Ny
CO, > coO : P~ P
hv (A =400 nm) H, : L
(PNNP)M

1) a) K. Kamada, J. Jung*, T. Wakabayashi, K. Sekizawa, S. Sato, T. Morikawa, S. Fukuzumi, S.
Saito*, J. Am. Chem. Soc. 2020, 142, 10261. b) K. Kamada, J. Jung*, Y. Kametani, T. Wakabayashi,
Y. Shiota, K. Yoshizawa, S. H. Bae, M. Muraki, M. Naruto, K. Sekizawa, S. Sato, T. Morikawa, S.
Saito*, Chem. Commun. 2022, 58, 9218.

2) K. Kamada, H. Okuwa, T. Wakabayashi, K. Sekizawa, S. Sato, T. Morikawa, J. Jung*, S. Saito*,
Synlett 2022, 33, 1137.
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Co-NHC Catalysts Promoting Hydrogen Evolution from Water with
High Turnover Number and Frequency

(Kyushu University) OKosei Yamauchi
Keywords: Artificial Photosynthesis; Alkaline Hydrogen Evolution; N-heterocyclic
Carbene Cobalt Complexes; Turnover Frequency; Turnover Number

Artificial photosynthesis based on splitting water into H, and O, with solar energy has
attracted recent years. In order to realize overall water-splitting reaction (2H,O + 4hv —
2H, + O,) on the basis of molecular systems, it is crucial to ensure sufficient driving force
for both H, and O, evolution reactions (HER and OER). We have previously studied on
molecular photosystems in which HER is driven by oxidative quenching of [Ru*(bpy)s]*",
but the reaction rates and turnover numbers were relatively low when Co-NHC1 and other
molecular catalysts were employed [1,2]. On the other hand, the reductive quenching of
[Ru*(bpy)s;]** [3,4] provides large driving force for HER but insufficient driving force for
OER in the acidic to neutral pH range. In this study, we focus on a new strategy to maintain
the driving force for both HER and OER by carrying out the reductive quenching process of
[Ru*(bpy)s]** under highly alkaline conditions.

A large amount of H, (turnover number = 40000 at pH = 12.8) evolved when using a
[Ru(bpy);]**/ascorbate photochemical system in the presence of a newly synthesized new
Co-NHC catalyst for HER even under highly alkaline conditions (Figure 1). Furthermore, it
was found that the new catalyst is more durable than Co-NHC1. More interestingly, as the
pH is increased, sustained evolution of H; takes place in larger amounts (pH < 12.8).

On the other hand, the turnover frequency (TOF) of Co-NHC1 has been also
determined by conducting the electrochemical studies. Importantly, the TOF in the aqueous
phosphate buffer solution (pH = 7) was estimated as tens of million s™', which will be also
discussed in the presentation.

_ Asct [Ru(bpy)s]* H,0 Q\
AscH- Ascz 7\ [Ru*(bpy)el? <— [Ru(bpy)sl?* YoH, Cr

\

HO
HO o ‘_ Ho\)\s_f N N=
/4
J,\q pK — 116 . bpy: {9 hv Co-NHC1

OH

Figure 1. Photochemical hydrogen evolution from alkaline water.
[1] Kawano, K.; Yamauchi, K.*; Sakai K.*, Chem. Commun. 2014, 50, 9872-9875.
[2] Yatsuzuka, K.; Yamauchi, K.*; Kawano, K.; Ozawa. H.*; Sakai, K.*, Sustainable
Energy Fuels 2021, 5, 740-749.
[3] Zhang, X.; Yamauchi, K.; Sakai, K.*, ACS Catal. 2021, 11, 10436-10449.
[4] Sueyoshi F.; Zhang, X.; Yamauchi, K.; Sakai, K.*, Angew. Chem. Int. Ed. 2023, 62,
€202217807.
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Supramolecular Chemistry of Macrocyclic Oligomers of Metal
Chelating Units

(Institute of Pure and Applied Sciences, University of Tsukuba) OTakashi Nakamura
Keywords: Supramolecular Chemistry; Macrocycles; Coordination Bonds; Molecular
Recognition; Dynamic Covalent Bonds

Macrocyclic oligomers of metal chelating units serve as unique ligands to synthesize
multinuclear complexes that assemble coordination sites in the cavity (Fig. 1a)."® Such
metallomacrocycles can realize precise molecular binding by utilizing multi-point
coordination and rigidity of the metal complex units. Desymmetrization of macrocycles is
another approach to create functional molecules, because they can employ their
unsyrnmetrically arranged interaction moieties (Fig. 1b).' "

e

Coordination site

Concept: Concept:
maggg"&’ﬁ; gg"ma' lex Assembly of A symmetric macrocycle Desymmetrization
4 P coordination sites of macrocycles

Figure 1. (a) Assembly of coordination sites. (b) Desymmetrization of macrocycles.

Pyridylmethylene-aminophenol (pap) hexamer and its Pd complexes as a metallohost*®

We have developed multinuclear complexes of hexapap, macrocyclic ligands with six
pyridylmethylene-aminophenol (pap) units.”> A hexanuclear Pd" complex of hexapap
[1PdsL6](OTf)s (L: exchangeable ligand) has six inward coordination sites. Because of the
planarity of one monomeric [Pd(pap)L] unit, [1PdsLs](OTf)s can take two conformations.
One is an Alternate conformation, in which six coordination sites of pap alternatively point
to Up-Down-Up-Down-Up-Down. The other is a Twisted conformation, in which the
coordination sites direct Up-Middle-Down-Up-Middle-Down (Fig. 2).

Heteroleptic
Short Middle Long NN
2
H
HoNSNN"NH, HZN’\N\/\’NHE +
H M HZNW\/\/\/\’ NH,
M
R: tert-Oct Up

H R
((’T [u _T:O\N;N’.l R - [ B :

%"I i *0

d
|‘o N7 10 .NI n

\' =N Up AN S Mlddle ’
X R
[1PdsAB3)(OTf)s [1PdeAB2Lo|(OTH)s il PdeA1 23](0Tf)s [1PdsA82A1 2](0@
T~
Alternate conformation | Twisted conformation|

Figure 2. Site-selective ligand bridging of [1PdsLs](OTf)s and its conformational regulation.
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It was found that o,w-diaminoalkanes HoN(CH:),NH. (Amn) bridged the inner
coordination sites of [1PdsLs](OTf)s in different binding modes according to the number of
methylene groups (7). A4—A7 linked adjacent pap units to form [1PdsAns](OTf)s (n = 4-7)
with Alternate conformation. A8 connected 2 next pap units to yield [1PdsA8:L,](OTf)s
with Twisted conformation. Al2 connected diagonal Pd centers to result in
[1PdsA125](OTf)s, again with Twisted conformation. Furthermore, in the case of A8:A12 =
2:1, heteroleptic bridging was achieved to give [1PdsA8,A12](OTf)s (Fig. 2).

Pyridylbenzoxazole (pbo) trimer and its unsymmetric conversion®

Synthesis of macrocycles with unsymmetric frameworks often suffers from multi-step
reactions and low yields to sequentially connect different units. The use of dynamic
covalent bonds is usually not effective for the synthesis of an unsymmetric macrocycle as a
single product. We have achieved a high-yield 3-step synthesis of an unsymmetric
macrocycle composed only of irreversible bonds (Fig. 3).

NH,
p-TsOH
e
THF/H,0 = 3/1 (viv)
oM 60°C,22h HO

€ a0%

/o

Figure 3. Synthesis of pcap-pbo mixed macrocycle 5 utilizing dynamic covalent bond

The three steps are comprised of macrocyclization, oxidation, and unsymmetric
conversion. The first step is the macrocyclic oligomerization of the bifunctional monomer 2,
which has o-aminophenol and 2-formylpyridine subunits, utilizing imine bonds formation to
yield the pap macrocycle 3. The second step is the
oxidation of the pap units of 3 to benzoxazole (pbo) units
to yield the macrocycle 4 composed only of irreversible
bonds. The last step is the unsymmetric conversion, that
is, the selective addition reaction of water to only two of
three pbo units of 3 to convert them into
pyridylcarboxamidephenol (pcap) units, to obtain the
unsymmetric macrocyclic ligand 5. Moreover, the
unsymmetric macrocycle 5 forms an interesting 2:1

complex with Zn", which holds the metal ion like a pearl Figure 4. Structure of [52Zn(H20)2]**
in bivalve shells (Fig. 4). determined by X-ray crystallography

1) T. Nakamura, Chem. Lett. 2021, 50, 1822. (Highlight Review)

2) a) T. Nakamura, Y. Kaneko, E. Nishibori, T. Nabeshima, Nat. Commun. 2017, 8, 129. b) A. Nagai,
T. Nakamura, T. Nabeshima, Chem. Commun. 2019, 55, 2421. c¢) T. Nakamura, R. Y. Feng, T.
Nabeshima, Eur. J. Inorg. Chem. 2021, 308. d) T. Nakamura, S. Watanabe, Inorg. Chem. 2023, 62,
12886.

3) Y. Hokimoto, T. Nakamura, Chem. Commun. DOI: 10.1039/D3CC06216C

4) a) T. Nakamura, Y. Kawashima, E. Nishibori, T. Nabeshima, Inorg. Chem. 2019, 58, 7863. b) T.
Nakamura, S. Tsukuda, T. Nabeshima, J. Am. Chem. Soc. 2019, 141, 6462.

5) a) T. Nakamura, S. Yonemura, T. Nabeshima, Chem. Commun. 2019, 55, 3872. b) S. Yonemura, T.
Nakamura, T. Nabeshima, Chem. Lett. 2020, 49, 493. ¢) T. Nakamura, S. Yonemura, S. Akatsuka,
T. Nabeshima, Angew. Chem. Int. Ed. 2021, 60, 3080.
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Triggering Catalytic Activity by the Decoration of N-Heterocyclic

Carbenes on Transition Metal Incorporated Cerium Oxides
(!Department of Chemistry, Graduate School of Science, Nagoya University)
(OSatoshi Muratsugu'

Keywords: Mixed Metal Oxide; NHC Ligand; Rhodium; Ceria; 1,4-Arylation

Cerium dioxide (CeQ>) is a class of metal oxides with a redox property of Ce ions
(Ce** - Ce*"); however, it is still difficult to achieve reversible redox performances with the
reduction of Ce*" below 373 K. The incorporation of additional transition metal ions to
CeO is one of the promising methods not only to reduce the redox reaction temperature of
CeO,, but also to generate/construct unique metal structures (ex. very small metal
nanoclusters) directly on the surface of CeO,, and the combination of additional metal ions
are important.

We prepared a ceria-based oxide incorporated with Cr and a trace amount of Rh ions
(denoted as Cro.19Rho0sCe0O;), and achieved reversible redox activity at low temperature
below 373 K, together with the formation of very small Rh nanoclusters on its surface.! The
surface structures and redox mechanisms of Cro 19Rh0sCeO. were fully characterized by in
situ spectroscopic techniques; the formed very small Rh nanoclusters facilitated the
reduction of Cr and surface Ce species at the very close temperature. !

Attachment of N-heterocyclic carbene (NHC) ligands to Rh nanoclusters prepared by
the H» reduction of Cro.19Rho.06CeO: (denoted as r-Cro 19Rho.06CeO:) newly emerged catalytic
activity for 1,4-arylation of a,B-unsaturated ketones, which did not appear without NHC
attachment (Figure 1).> Surface characterization clarified the existence of the interaction
between NHC and Rh nanoclusters, which played a key role for this catalytic activity
emergence. DFT calculations suggested the possible origin of this catalytic activity
emergence; the coordination of NHC on the Rh nanocluster would switch the adsorption site
of aryl group from arylboronic acid, facilitating the C-C bond formation.>

1) S. Ikemoto, et Triggering Catalytic Activity m,n N\M Rh nanocluster
’ of r-Cry 49Rhg 06CeO, by NHC Cr(OH), - ‘
al" PhyS Chem" 0.9 0.06 y N-heterocyclic carbene

CeO,

Chem. Phys. (NHE ) -W
2019 57 ICy as a carbene
> > on Rh nanocluster B(OH),
20868-20877. 2) ™™ @ o p
S. Ikemoto, et al., C I o\“
J. Am. Chem. eron: e i z ¢
Soc. 2023, 145, 4 G (%%:y o
1497-1504. ICy-r-C Rh, ..CeO e A
Yo ooc e oYY

Figure 1. A schematic image of the attachment of a NHC ligand on
7-Cro.19Rh 06CeO; and the emergence of catalytic 1,4-arylation.?
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Enantioselective Bromocyclization Reactions Enabled by
Lewis/Bragnsted Base Concerted Catalysis of Chiral Bisphosphine
Oxide

(1. School of Pharmaceutical Sciences, University of Shizuoka) OKenji Yamashita'
Keywords: Organocatalyst; Halogenation; Asymmetric Reaction; Lewis Base; Brensted

Base

Electrophilic halo-functionalizations of carbon—carbon unsaturated bonds are one of
the most synthetically attractive transformations that allow for simultaneous incorporation
of two heteroatom functionalities across these unsaturated bonds. In this context, we
recently reported the desymmetrization of bisallylic amides via an enantioselective
bromocyclization using (S)-BINAP monoxide (1) (Scheme 1a).' However, the catalytic role
of 1 has remained elusive. Then, the catalytic mechanism of the above reaction was
examined in detail by several control experiments, X-ray analysis, NMR studies, and
CryoSpray MS analysis. 1 was transformed to a key catalyst precursor, proton-bridged
bisphosphine oxide complex “POHOP” (Scheme 1b). The thus-formed POHOP further
reacts with N-bromosuccinimide (NBS) to afford BINAP dioxide (2) and molecular
bromine (Brz) simultaneously. While the resulting Br: is activated by NBS through halogen
bonding interaction to form a more reactive brominating reagent (Br.-NBS),? 2 serves as a
bifunctional catalyst, acting as both a Lewis base that reacts with Br,-NBS to form a chiral
brominating agent (P=0"—Br), and also as a Bronsted base for activating the substrate.’

Scheme 1. Bifunctional Catalysis of Chiral Bisphosphine Oxide

a) Our previous work

R O Br
o o e @ orho
P CH20I2 -78°C Br PAr \V\j

up to 92% y|e|d NBS
dr=16:1,95% ee | B|NAP monOX|de 1)

b) Identification of POHOP and concerted Lewis/Bransted base catalysis by BINAP dioxide

Al ar r
Q O, @ O+ 0
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(chiral brominating agent)
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This novel catalysis of the chiral bisphosphine oxide was applicable to various highly
challenging asymmetric bromocyclization reactions. For example, we have successfully
developed regiodivergent parallel kinetic resolution (PKR) of racemic allylic amides 3a via
bromocyclization (Scheme 2a).> When 3a having two different alkenes was employed as a
substrate, 3a was transformed into two distinct cyclization products (4a and 5a) in a highly
stereoselective manner via concurrent resolution processes. The catalysis could also
promote chemodivergent PKR of racemic ene-yne 3b to provide the corresponding products
(4b and 5b), regardless of the electronic difference between alkene and alkyne. To our
knowledge, these are the first examples of regio- and chemodivergent PKRs via
halocyclization. Furthermore, regio- and enantioselective bromocyclizations of
difluoroalkenes 6* were also demonstrated (Scheme 2b).> Owing to the extremely high
electrophilicity of P=O"-Br species, the cyclization of less reactive 6 proceeded smoothly
even at low temperature. A particularly noteworthy feature is that regio- and
enantioselectivity were greatly influenced by the solvent, the catalyst structure, and the
brominating reagent. Consequently, both the 5-exo and 6-endo selective bromocyclizations
became feasible, providing the corresponding oxazolines 7 or oxazines 8 bearing a
tetrasubstituted  difluoromethylated stereocenter in high yield with excellent
enantioselectivity. Moreover, a gram-scale synthesis of chiral oxazoline 7 was also achieved
with as little as 1 mol% of the catalyst, highlighting the synthetic utility of our protocol.

Scheme 2. Enantioselective Bromocyclizations Using POHOP as a Catalyst Precursor

a) Regio- and chemodivergent Parallel Kinetic Resolution (PKR) via bromocyclization

Ar NBS ‘ Br: 7
o ‘ )
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07 NH o B * R N ’
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\MR = ’ — 1 M o
B OO P\_O 1 =0 A>:
' r

3ab 4ab R 5a,b e
up to 99% ee up to 98% ee Ph red catalysi
dr = >20:1 dr = 16:1 concerted catalysis
POHOP a by bisphosphine dioxide
b) Regio- and enantioselective bromocyclization of difluoroalkenes
1
A' A R1 DBDMH NBP J“\ A’ AT
OO POHOP b (cat.) JL /\H\ POHOP ¢ (cat ) N7
O -~
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OO TVO i 5-exo 6-endo R® Br < O [
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1) Y. Nagao, T. Hisanaga, H. Egami, Y. Kawato, Y. Hamashima, Chem. Eur. J. 2017, 23, 16758. 2) T.
Horibe, Y. Tsuji, K. Ishihara, Org. Lett. 2020, 22, 4888. 3) K. Yamashita, R. Hirokawa, M. Ichikawa,
T. Hisanaga, Y. Nagao, R. Takita, K. Watanabe, Y. Kawato, Y. Hamashima, J. Am. Chem. Soc. 2022,
144, 3913. 4) E. Miller, S. Kim, K. Gibson, S. J. Derrick, D. F. Toste, J. Am. Chem. Soc. 2020, 142,
8946. 5) a) R. Hirokawa, Y. Nakahara, S. Uchida, K. Yamashita, Y. Hamashima, Chem. Asian. J.
2023, 18, €202300141. b) Y. Nakahara, R. Hirokawa, S. Uchida, K. Yamashita, Y. Hamashima,
Synlett 2023, 34, 2476.
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Anion-encapsulating sodium alkoxide clusters (X@RONa):
structure and function as multi-functional Lewis acid catalysts

(!School of Physical Science and Technology, ShanghaiTech University) OZhi Li!

Keywords: sodium alkoxide clusters; benzyne; aryl amines; polyprenylquinones; Lewis
acid catalysis

Sodium salts are able to aggregate into various types of polymeric or molecular
substances depending on anions. We discovered that sodium fert-butoxide formed
thermodynamically favored dodecameric anion-encapsulating molecular clusters
(NaO#-Bu)12NaX, or X@¢-BuONa, where X is the encapsulated anion. The synthesis could
be as simple as heating NaO#-Bu and fine powder of NaCl together in a non-polar solvent.
The structures of these substances were studied by X-ray crystallography and NMR. Unlike
their well-known oligomeric clusters or amorphous ionic polymers, its structure consists of
12 alkoxide anions located at vertices of an icosahedron, a halide or other anion at the center,
and 13 sodium cations dynamically distributed at 13 of the 20 faces.

The multi-level composition of these clusters allowed us to design clusters by changing
the tert-butoxide to other alkoxide ligand RO as X@RONa, thus enabling their catalytic
activities. The RO ligand, encapsulated X, and substrates coordinated to Na were all Lewis
basic ligands that interacting with the cluster as well as each other, thus we consider the
X@RONa as a new type of Lewis acid catalyst. The catalytic activity will be illustrated in
the following two cases.

First, X@RONa was able to promote transition-metal-free polyprenylation of quinones
through redox chain mechanism we discovered earlier.! Many biologically important
polyprenylquinones were synthesized from corresponding parent quinone and polyprenyl
halide as precursors and NaH as base in one step and high yield.

Second, X@RONa was applied in catalytic transition-metal-free C-N bond formation.
Aryl amines are usually synthesized from transition metal-catalyzed cross coupling or C-H
activations from aryl halides, triflates, or arenes. Although these methods are effective, the
costs of precursors, reagents and catalysts are often too high for them to be applied in large
scale synthesis. We recently discovered that X@RONa was capable of catalytically
promoting benzyne formation from simple aryl chlorides, as well as the subsequent
arylation of amines. From very simple and cheap aryl chlorides, alkyl amines and NaH, aryl
amines can be easily synthesized in large scale. This is also a very rare case of large-scale
application of benzyne.

© The Chemical Society of Japan -A1422-2pm-02 -
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Formation and Structure of X@RONa
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1) X.-L. Xu, Z. Li Angew. Chem. Int. Ed. 2017, 56, 8196.
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Computation-based Strategy for the Development of
Fluoroalkylation Reactions with Difluorocarbene

(WPI-ICReDD, Hokkaido University & JST-ERATO) OHiroki Hayashi
Keywords: Quantum Chemical Calculations; Reaction Development; Fluoroalkylation;
Difluorocarbene; Dearomatization

Quantum chemical calculations have been an indispensable tool in synthetic
methodology development. The progress of computational methods as well as computer
technology has enabled the systematic exploration of reaction pathways, and their current
primary role is to gain the mechanistic insight into established reactions. In this context, our
group has developed an artificial force induced reaction (AFIR) method, an automated
reaction path search algorithm that can explore the possible reaction pathways from single
input structure. This method can create reaction path networks comprising computationally
estimated reaction intermediates and products without any prior knowledge of organic
transformations, showcasing its ability to predict even unknown chemical processes.'

Here, we report a strategy that leverages computational reaction simulations for the
development of three-component reactions with difluorocarbene using the AFIR method.
Difluorocarbene, an electrophilic carbene species useful not only for incorporating the
difluoromethylene unit into organic molecules but also in the calculations due to its
relatively small character, is used for in silico combinatorial reaction screening with two
unsaturated compounds containing C=0, C=N, C=C, or C=C bonds. These simulations
suggested that the less explored three-component cycloaddition of methanimine,
difluorocarbene, and the other unsaturated component would proceed preferentially to
furnish a,a-difluorinated N-heterocyclic skeletons. Based on the computational results, we
realized the identified reaction mode experimentally, leading to a diverse dearomative
cycloaddition of pyridines with difluorocarbene and a series of unsaturated compounds
(aldehydes, ketones, imines, alkenes, and alkynes).?

In Silico Reaction Screening Experimental Realization
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1) H. Hayashi, S. Maeda, T. Mita Chem. Sci. 2023, 14, 11601.
2) H. Hayashi, H. Katsuyama, H. Takano, Y. Harabuchi, S. Maeda, T. Mita Nat. Synth. 2022, 1, 804.
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Asymmetric Carbene-Transfer Reactions Catalyzed by Low
Coordination State Rhodium(l)

Ming-Hua Xu

Shenzhen Grubbs Institute and Department of Chemistry, Southern University of Science
and Technology, Shenzhen 518055, China

Keywords: Asymmetric Catalysis; Carbene-Transfer; Rhodium(I); Chiral Diene; Carbene
Insertion

Transition metal-catalyzed asymmetric carbene insertion reactions have been
recognized as one of the most powerful methods for the construction of C-C or
C-heteroatom bonds. In recent years, our group has been interested in Rh(I)—carbene
chemistry, and achieved the first asymmetric metal—carbene insertion into B—H and Si-H
bonds using Rh(I)/Ci-symmetric diene complexes as catalysts.' With the established
Rh(I)—carbene chemistry, we also discovered that C-H insertion reaction of
styryldiazoacetates with aniline derivatives could be achieved in a highly region- and
enantio-selective manner.” Moreover, the rhodium(I)/chiral diene catalytic system also
enables efficient asymmetric Rh(I)-carbene-directed S-H, C(sp*)-H, N-H, O-H insertions, as
well as intramolecular cyclopropanations.’ In this presentation, these results together with
some new achievements will be described.
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1) a) Chen, X. Zhang, W.-Y. Qi, B. Xu, M.-H. Xu, J. Am. Chem. Soc. 2015, 137, 5268; b) D. Chen,
D.-X. Zhu, M.-H. Xu, J. Am. Chem. Soc. 2016, 138, 1498. 2) a) D.-X. Zhu, H. Xia, J.-G. Liu, L.W.
Chung, M.-H. Xu, J. Am. Chem. Soc. 2021, 143. 2608; b) D.-X. Zhu, J.-G. Liu, M.-H. Xu, J. 4m.
Chem. Soc. 2021, 143, 8583; c) Wang, T.-Y.; Chen, X.-X.; Zhu,D.-X.; Chung, L. W.; Xu, M.-H.
Angew. Chem. Int. Ed., 2022, 61, €¢202207008. 3) Zhang, J.; Xu, W.; Xu, M.-H. Angew. Chem. Int.
Ed., 2023, 62, ¢202216799.
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One-handed Helical Polymers: From Controlled Synthesis to
Chiral Functions

(State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin
University) OZong-Quan Wu

Keywords: Living Polymerization; Chirality; Self-assembly; Asymmetric Catalysis;
Circularly Polarized Light

Inspired by the exquisite helical structures and functions of biological polymers, e.g., a-
helix of proteins and double-helix of DNA, artificial helical polymers have attracted significant
research attention. Helical polymers can exhibit optical activity solely owing to the excess of
one-handed helix. Precise syntheses of helical polymers involve not only the control over the
chain length and dispersity, but also the helicity of the backbone. To solve these challenges, we
have developed a series of chiral catalysts, which initiate the living polymerizations of various
achiral monomers such as isocyanides, allenes, and diazoacetates, lead to the formation of one-
handed helices with defined helicity, controlled molecular weights, and narrow dispersity.*?

Through modification on the catalysts and monomers, a variety of topological helical
polymers have been successfully realized, including hybrid block copolymers, bottlebrush
polymers, core- or shell cross-linked polymer, and cyclic helical polymers as well. Owing to
the chirality of helices, these polymers have showed broad applications in chiral recognition
and resolution, chiral drug delivery, and asymmetric catalysis.®* Incorporating helical polymers
onto semiconducting n-conjugated polymers could control the self-assembly process, resulting
in well-defined single-handed supramolecular helical architectures with tunable optical
properties, such as white-light emission and circular polarized luminescence CPL).>® The one-
handed helical polymer have been utilized in asymmetric catalysis by incorporating catalytic
moieties onto the pendant of helical polymers. Such helix-based chiral catalysts show high
activity and enantioselectivity with combined advantages of homogeneous catalysts and
heterogeneous process.’
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1) N. Liu, L. Zhou, Z.-Q. Wu, Acc. Chem. Res. 2021, 54, 3953. 2) N. Liu, R.-T. Gao, Z.-Q. Wu, Acc.
Chem. Res. 2023, 56, 2954. 3) L. Zhou, X.-H. Xu, Z.-Q. Jiang, L. Xu, B.-F. Chu, N. Liu, Z.-Q. Wu,
Angew. Chem. Int. Ed. 2021, 60, 806. 4) J.-H. Chu, X.-H. Xu, S.-M. Kang, N. Liu, Z.-Q. Wu, J. Am.
Chem. Soc. 2018, 140, 17773.5) Y.-X. Li, L. Xu, S.-M. Kang, L. Zhou, N. Liu, Z.-Q. Wu, Angew. Chem.,
Int. Ed. 2021, 60, 7174. 6) L. Xu, C. Wang, Y.-X. Li, X.-H. Xu, L. Zhou, N. Liu, Z.-Q. Wu, Angew.
Chem., Int. Ed. 2020, 59, 16675. 7) Z.-Q. Wu, X. Song, Y.-X. Li, L. Zhou, Y.-Y. Zhu, Z. Chen, N. Liu,
Nat. Commun. 2023, 14, 566.
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Defect-Free Ladder Polymers with a One-Handed Helical
Geometry: Synthesis and Application

(‘Graduate School of Engineering, Nagoya University, *JST PRESTO) OTomoyuki Ikai,'?
Keywords: Chirality; Ladder  polymers; Helical  polymers; Secondary
structures; n-Extension

Advances and modifications in a practical synthetic methodology expand the repertoire
of molecules and polymers accessible to chemists and would lead to dramatic innovations in
the materials science.

Ladder polymers are ladder-shaped macromolecules, in which the adjacent cyclic
monomer units are linked by two or more chemical bonds, and their conformational
freedom is severely restricted by the ladder framework, resulting in their shape-persistent
nature and thermal/mechanical stability.'> Structurally well-defined ladder polymers
without undesired branching structures and/or imperfect ladder structures remain
challenging synthetic targets for organic and polymer chemists. Recently, we have
succeeded in the defect-free synthesis of a series of ladder polymers with a rigid helical
geometry, namely, helical ladder polymers,”” and the optically-pure single and multiple
helicenes® and their analogues'® using acid-promoted intramolecular alkyne
benzannulations'' with or without combining chromatographic enantioseparations. In this
presentation, we will introduce the design and synthesis of such chiral ladder architectures
along with their chiral functions, particularly in relation to circularly polarized
luminescence and chiral recognition.

1) J. Lee, A. J. Kalin, T. Yuan, M. Al-Hashimi, L. Fang, Chem. Sci. 2017, 8, 2503. 2) Y. C. Teo, H. W.
H. Lai, Y. Xia, Chem. - Eur. J. 2017, 23, 14101. 3) T. Ikai, T. Yoshida, K. Shinohara, T. Taniguchi, Y.
Wada, T. M. Swager, J. Am. Chem. Soc. 2019, 141, 4696. 4) W. Zheng, T. Ikai, E. Yashima, Angew.
Chem., Int. Ed. 2021, 60, 11294. 5) W. Zheng, K. Oki, R. Saha, Y. Hijikata, E. Yashima, T. Ikai,
Angew. Chem., Int. Ed. 2023, 62, €202218297. 6) T. Ikai, S. Miyoshi, K. Oki, R. Saha, Y. Hijikata, E.
Yashima, Angew. Chem., Int. Ed. 2023, 62, ¢202301962. 7) T. Ikai, A. Tanaka, T. Shiotani, K. Oki, E.
Yashima, Org. Mater. 2023, 5, 184. 8) T. Ikai, S. Yamakawa, N. Suzuki, E. Yashima, Chem. - Asian J.
2021, 716, 769. 9) T. Ikai, K. Oki, S. Yamakawa, E. Yashima, Angew. Chem., Int. Ed. 2023, 62,
€202301836. 10) W. Zheng, T. Ikai, K. Oki, E. Yashima, Nat. Sci. 2022, 2, €20210047. 11) M. B.
Goldfinger, T. M. Swager, J. Am. Chem. Soc. 1994, 116, 7895.
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Alkenyl Boronates as a New Class of Vinyl Monomers for Tackling
the Synthetic Limitations through Side-Chain Replacement in
Polymer Reaction

(Graduate School of Engineering, Kyoto University) OTsuyoshi Nishikawa
Keywords: Boron; Radical Polymerization; Post-Polymerization Transformation; Tacticity
Control; Monomer Design

Chain-growth polymerization abilities of vinyl monomers are dependent on the
element attaching to vinyl group. Therefore, there are numerous limitations in conventional
vinyl polymer synthesis. If we find out novel vinyl monomers bearing replaceable side
chains for introduction of various element on the main chain in polymer reaction through
side chain replacement, it will enable breakthrough in conventional polymer synthesis
toward flexible polymer design according to our wills. Boron is promising as the candidate
of replaceable side chain with considering the emerging development of organic synthesis
through carbon-boron bond transformation. Herein, radical (co)polymerization ability of
alkenyl Boronates was discovered, and transformations of carbon-boron bond on the
resulting polymers were performed for synthesis of conventionally inaccessible polymers
through introduction of various element on the polymer backbone [1-8]. The vacant
p-orbital of boron is the key to high radical (co)polymerization ability of boron monomers;
moderate stabilization of chain growth radical by boron was essential for efficient chain
growth reaction with suppressing side reactions. The introduction of various element
(oxygen, nitrogen, proton) was possible through carbon-boron bond cleavage for synthesis
of various polymers such as poly(a-methyl vinyl alcohol), poly(a-methyl vinyl amine),
enthylene-acrylate copolymer, and branched poly(vinyl alcohol)s.
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[1] Nishikawa, T.; Ouchi, M. Angew. Chem., Int. Ed. 2019, 58, 12435. [2] Nishikawa, T.; Ouchi, M.
Chem. Lett., 2021, 50, 411. [3] Nishikawa, T.; Ouchi, M. J. Synth. Org. Chem. Jpn. 2023, 8, 313. [4]
Makino, H.; Nishikawa, T.; Ouchi, M. ACS Macro Lett. 2020, 9, 788. [5] Makino, H.; Nishikawa, T.;
Ouchi, M. Chem. Commun. 2021, 57, 7410. [6] Kanazawa, T.; Nishikawa, T.; Ouchi, M. ASC Macro
Lett. 2022, 11, 706. [7] Suzuki, H.; Nishikawa, T.; Makino, H.; Ouchi, M. Chem. Sci. 2022, 13,
12703. [8] Makino, H.; Nishikawa, T.; Ouchi, M. Chem. Commun. 2022, 58, 11957.
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Development of Organic Thermoelectric Materials and Devices

('Department of Materials Science and Engineering, National Taiwan University, >
Advanced Research Center for Green Materials Science and Technology, National Taiwan
University) OCheng-Liang Liu'*

Keywords: Thermoelectric; organic electronics; doping; composites; conjugated polymers

Organic thermoelectric materials can directly transform the waste heat into electrical power
without causing any pollution, but their development is limited due to poor performance,
especially low conductivity. In my talk, we outline the design strategies which aim to develop
high-performing organic semiconductors and their materials in organic thermoelectrics. A series
of solution-processed organic semiconducting molecules are reported. These results indicate that
these materials can be modulated through successive changes in conjugation length/side chain
substituent length and molecular interaction based on a combination of molecular design and
solution-processing techniques. Doping organic semiconductors, conjugated polymer
composites, and gels with ionic salt or redox couples are used to achieve enhanced
thermoelectric performance. Flexible/wearable thermoelectric generator based on these
materials will be demonstrated.

1) C.-H. Tsai, S.-H. Tung, J.-M. Lin, C.-L. Liu, J. Mater. Chem. A4, 2023, 11, 24890. 2) Y.-C. Hsiao,
L.-C. Lee, Y.-T. Lin, S.-H. Hong, K.-C. Wang, S.-H. Tung, C.-L. Liu, Mater. Energy Today, 2023, 37,
101383. 3) Q.-B. Zheng, Y.-C. Lin, Y.-T. Lin, Y. Chang, W.-N. Wu, J.-M. Lin, S.-H. Tung, W.-C.
Chen, C.-L. Liu, Chem. Eng. J., 2023, 472, 145121. 4) W.-N. Wu, K. Sato, J.-H. Fu, Y.-T. Chan, J.-M.
Lin, S.-H. Tung, T. Higashihara, C.-L. Liu, J. Mater. Chem. A, 2023, 11, 17091. 5) P.-S. Lin, S.
Inagaki, J.-H. Liu, M.-C. Chen, T. Higashihara, C.-L. Liu, Chem. Eng. J., 2023, 458, 141366.
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Bifacial Polymers: From Concept to Synthesis, Property and
Applications

(‘Graduate School of Engineering, Osaka University, >JST-PRESTO)

OFumitaka Ishiwari'?

Keywords: Ladder Polymer, Chiral, Self-Assembly, Perovskite Solar Cell, Circular Polarized
Luminescence

Ladder polymer is an interesting class of polymer having two bonds in their main chains.
As an interesting structural feature, the ladder polymers possess the “face” along the main chain
due to the two bonds over the entire mainchain. To develop ladder polymers with new structural
concept, focusing on the “face” of the ladder polymers, in this work, we designed “bifacial”
fully conjugated ladder polymers that have contrasting moieties on each face, which might
exhibit particular self-assembling and electronic properties in solution and solid state.

To synthesize the bifacial ladder polymers, we synthesized and polymerized an
enantiopure bifacial C,-chiral indenofluorene monomer (Fig. a) with a regioregular ladder-
polymerization technique developed by Ikai and Yashima!'. Enantiopure monomer (S,5)-1 was
polymerized with acetylene-appended diboronic ester to give the corresponding polymer P-
(8,5)-1. Then, this precursor polymers were regioselectively cyclized by trifuluoroacetic acid"
to afford the target bifacial fully conjugated ladder polymer LP-(S,S)-1 (Fig. a). Furthermore,
as an interesting application of bifacial structure, we developed bifacial donor-m-donor
passivation molecule (Fig. b) for organic—inorganic lead halide perovskite solar cells (PSCs)
and achieved the enhancement of power conversion efficiency and device lifetime. In the
presentation, we will detail the synthesis and characterization of the bifacial ladder polymers,
their self-assembling and electronic properties, and further scopes for bifacial polymers.
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1) T. Ikai, E. Yashima, ef al., Angew. Chem. Int. Ed. 2021, 60, 11294. 2) F. Ishiwari, A. Sacki et. al., ACS
Appl. Mater. Interfaces 2023, 15, 6708.
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Precise Design of Star Polymers for Controlling the Interactions
with the Target Biomolecules

(‘Graduate School of Engineering, Kyushu University) OMasanori Nagao'
Keywords: Synthetic polymers, Star polymers, Controlled polymerization, Molecular
recognition.
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form synthetic nanostructures (Figure 1). However, in contrast to the biomacromolecules,
the structures of synthetic polymers are heterogeneous in terms of their molecular weight,
monomer sequence. Recently, controlled polymerization techniques including living radical
polymerization have provided synthetic polymers with well-defined structures.' Herein, we
demonstrate the design of synthetic polymers using the living radical polymerization to
control their biological function (biomolecular recognition). The target biomolecule is
hemagglutinin (HA) of the influenza virus, which binds to carbohydrates on cell surfaces
through the three binding pockets on their surfaces. To realize multivalent interaction with
HA, a tri-arm star polymer with the optimal structure was designed.

Prior to the synthesis of the star polymers, the degree of polymerization (DP) required
to achieve multivalent binding to the three pockets of HA was estimated using classical

Hydrophlllc monomer Alkyne monomer

(b)
<Y Glycounlt
/ﬂ :
x> —>

Trifunctional
RAFT agent 5'3: DMA polymer Star glycopolymer
X n=2241,84
o

.~ N IGyroid raidus
50 ! \
! |
[N 2

Gyroid radius of the star polymer (nm)

t . oo R=
201 o Distance from the center I ISW S(\o)\(" /j:
Oo to the pockets of HA X DP =40 < OSE\O)‘O\/SYSW 9 o COONa
100 (d.=2.6 nm) Multivalent o 13 oY HOy j
. S S oH N
, L ‘ interaction s Y Ry ’“S\‘s‘/sw -—( o—g,y
0 3050 700 150 o W ée
Number of monomer units per arm (-) 455 nm N

Figure 2. (a) lllustration of hemagglutinin and the designed star polymer. (b) Schematic illustration of the synthesis of
star polymers by RAFT polymerization and functional modification onto the polymer terminals.
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theoretical polymer models. The three binding pockets of HA are located at the vertices of
the triangle formed on the HA surface (Figure 2). The distance from the center of the
triangle to the pocket (d;) is 2.6 nm. The relationship between the number of monomer units
of the polymer arm and the gyroid radius is shown in Figure 2a. The theoretical prediction
suggested that a star polymer with a DP of 40 would have a comparable gyroid radius to the
arrangement of pockets on the HA surface.

The star polymer was designed with 6’-sialyllactose (6’-SALac) at the terminals of the
polymer arms. The hydrophilic star polymer with trivalent arms was synthesized by
reversible addition-fragmentation chain transfer (RAFT) polymerization of DMA with a
trifunctional RAFT agent (the polymer is abbreviated to SD below). The DP of the SD
polymer was calculated to be 41 from the 'H NMR measurement (SD41). As control samples,
SD polymers with different DP (SDi; and SDs4) were synthesized. The terminal
trithiocarbonate groups of the SD polymers were converted to alkyne groups in a one-pot
procedure. 6’-SALac azide was conjugated to the alkyne terminals of the polymer arms
(SDyG). To evaluate the precision of the molecular design of the glycopolymers, their
hydrodynamic radii (Ry) in phosphate buffer saline solution were measured using dynamic
light scattering. The Ry of the star glycopolymers were 2.0, 2.8, and 3.9 nm for SD2:G,
SD4G and SDssG, respectively (Figure 3a). The R, of the synthesized glycopolymers
increased with the DP of the polymer arms, and the Ry of SD#1G was close to the distance
from the center of the triangle to the CRD of HA (d: = 2.6 nm) as expected in the Gaussian
model calculated before the synthesis. The interaction of the star polymer with the influenza
virus was evaluated by the hemagglutination inhibition test (Figure 3b). As anticipated, the
star polymer with optimal length of polymer arms (the degree of polymerization = 41)
showed the strongest interaction with the virus among the synthesized polymers,
demonstrating that precise design of synthetic polymers enables to control the biological
function.

Reference: (1) J.-F. Lutz et al., Nat. Rev. Mater. 2016, 1, 16024.
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Figure 3. (a) Hydrodynamic radius (R.) of star glycopolymers with different numbers of monomer units
per polymer arm. (b) K against hydrodynamic radius (R.).
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Linear and Nonlinear Dynamics of Reversible Polymer Networks

(State Key Lab of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences) OQuan Chen, Shilong Wu, Xiao Cao, Jian Tang and Shuang
Liu

Keywords: Reversible Polymer networks; Linear viscoelasticity; Nonlinear rheology

Reversible polymer networks are networks formed by both chemically and physically
reversible bonds, which can be broken and reformed within observable time scales, granting
these polymers the ability to recover their original state. Over the past two decades, there has
been significant progress in comprehensively understanding the dynamics of these networks.

In this presentation, we will overview the recent developments in interpretating the
rheology of reversible polymer networks. Our discussion will encompass the behavior of these
networks under both small and large deformations. Initially, we will explore the linear
viscoelastic properties under small strain or slow flow conditions, which reflect the dynamics
of the reversible networks when they are close to equilibrium. The influence of various factors
on linear viscoelasticity, such as the concentration, strength, and distribution of binding sites,
as well as the polarity and topological structure of the polymer chains, will be detailed. Special
attention will be given to the sol-to-gel phase transition and the viscoelastic properties across
different regimes of this transition.

Moving on to more extreme conditions, we will delve into the structural changes that
reversible networks undergo, including the orientation, stretching, fragmentation, and re-
formation, when subjected to intense shear and elongational flows, and how these changes
manifest in the material’s nonlinear stress responses. We will highlight the mechanisms
underlying the brittle-to-ductile transition.

1) S. Wu, Q. Chen Macromolecules 2022, 55, 697. 2) H. Yang, S. Wu, H. Chen, Z. Zhang, Q. Chen,
Scientia Sinica Chimica. 2023, 53, 580.
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Bio-based polymer design based on oligosaccharide
(Faculty of Engineering, Hokkaido University) OTakuya Isono!
Keywords: bio-based polymers, polysaccharides, block copolymers, elastomers

Polysaccharides and their derivatives have long been utilized as thermoplastics
and fibers. However, despite the long history of utilizing polysaccharides in commodity
polymers, their range of applications has been limited due to their intrinsically hard and
rigid properties. Here, we report that the integration of a rubbery hydrophobic polymer and
oligo/polysaccharide hard segments into a block copolymer (BCP) can create a novel
bio-based elastomer, in which the microphase-separated carbohydrate hard domains act as a
physical cross-link for the rubbery chains.

A series of “hard-b-soft-b-hard” BCPs consisting of maltooligosaccharides
(maltose, maltotriose, maltotetraose, and maltohexaose; A block) and poly(d-decanolactone)
(PDL; B block), with ABA-, AxBA»-, AsBAs-, A(BA),-, and Ax(BA),-type architectures,
were synthesized by combining living ring-opening polymerization and Cu-catalyzed
azido-alkyne click reaction.! To understand the correlation between the BCP molecular
structure and material properties, the BCPs were designed to have comparable molecular
weights (around 12 kg mol™) and total numbers of glucose units (12 units). Morphological
analysis revealed the formation of well-ordered body-centered-cubic sphere and
hexagonally close-packed cylinder (HEX) morphologies depending on the branched
architecture (interdomain distance 9.7—14.4 nm). While the PDL homopolymer is a viscous
liquid due to its low 7, and amorphous nature, all BCPs exhibited elastomeric properties,
confirming that the oligosaccharide blocks acted as the hard domains to cross-link the
rubbery PDL chains. Tensile testing revealed that the mechanical properties of the BCPs
were mainly determined by the microphase-separated structure and less affected by the
length of each oligosaccharide chain. The HEX-forming A;BA>- and A3BA;-type BCPs
exhibited Young’s moduli of ~6 MPa, which is comparable to well-known styrene-based
thermoplastic elastomers.

To avoid possible competition with food supply, we are recently trying to replace
the amylose-derived maltooligosaccharide block by inedible cellulose-derived
oligosaccharides. By applying the above-established molecular design, we have designed
and synthesized the ABA-type triblock copolymers with acetyl celloologosaccharide
blocks.>* Interestingly, the acetyl cellooligosaccharide-based BCPs outperformed its
maltooligosaccharide counterparts in the mechanical properties.

These results demonstrate that oligosaccharides are a sustainable alternative to the
petroleum-derived synthetic hard segments (e.g., polystyrene).

1) Isono, T. et al., Macromolecules 2020, 53, 5408. 2) Katsuhara, S. et al., ACS Sustainable Chem.
Eng. 2021, 9, 9779. 3) Katsuhara, S. et al., Carbohydr. Polym. 2023, 316, 120976.
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Flux Synthesis and Separation
Application of Porous Organic

Materials

Zhenjie Zhang' (1. Nankai Unversity)
Keywords: covalent organic framework, Flux synthesis, Separation

The synthesis strategy of porous organic materials especially
covalent organic frameworks (COFs) mainly employs the
solvothermal method which usually results in unscalable powders
and environmental pollution that seriously limits their practical
applications. We created a new synthesis method based on a green
and melt-fluxing synthesis strategy without needing any organic
solvent. The generality of melt-fluxing synthesis approaches has
been applied in the preparation of various types of COFs, including
olefin-linked, imide-linked, Schiff-based COFs on both gram and

kilogram scales, and self-shaped neutral COF foams.
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Photomechanical effect and photochemical reaction kinetics in
organic molecular crystals

(*Graduate School of Engineering, Osaka Metropolitan University) ODaichi Kitagawa!
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Photomechanical materials that directly convert light energy to mechanical energy have
been attracting much attention for application to photoactuators.® Liquid crystalline
polymers and molecular crystals incorporating photoresponsive molecules are known as
typical photomechanical materials. Especially, molecular crystals have shown superior
actuator performance such as fast response speeds, high energy densities, and photon-to-
work conversion efficiencies.>* Therefore, photomechanical molecular crystals are
promising candidates for future actuators used in the real world.

Photomechanical molecular crystals can exhibit a various light induced motions (bending,
twisting, coiling, peeling, and hopping) that are driven by a wide range of photochemical
reactions, including cis-trans isomerizations, ring opening closing isomerizations, linkage
isomerizations, and [2+2] and [4+4] photodimerizations.> In most cases, their
photomechanical responses have been interpreted by a static method using the unit cell
dimension changes revealed by X-ray crystallographic analyses for crystals before and after
photochemical reactions. Therefore, it has been difficult to elucidate the dynamic nature of
photomechanical responses. In this paper, we introduce our recent research on
photomechanical molecular crystals, focusing on the kinetics of photochemical reactions
within the crystal.®®
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Bowl and Butterfly-like Shape Effects on the Formations and the
Properties of Molecular Crystals

(!Graduate School of Engineering, Osaka University, 2ICS-OTRI, Osaka University) O
Yumi Yakiyama'?

Keywords: Sumanene; Indanedione; Crystal engineering; Dielectric property; 1D-channel
structure

It is quite obvious that the molecular structure largely affects its aggregated structure as
well as the resulting physical properties. Especially, some specific structural motifs generate
characteristic packing patterns, which cannot be reached by the simple chemical
functionalization. In this context, we focused on two types of non-planar molecular shapes,
namely, bowl and butterfly-like structures, which possess clear structural features, showing
1D-column formation and 1D-channel construction, respectively, as the main building units
of the functional molecular crystals (Figure). Here we show our recent works using bowl
shaped sumanene derivative! and butterfly-shaped indanedione dimers® as well as their
structural and physical properties.

“Bowl” shape molecule: Sumanene

Sumanene (1) is one of the representative buckybowls and is known to show unique
properties such as bowl inversion behaviour derived from its unique bowl shape.' Especially
1 affords unidirectionally arraigned m-stacking columns in the solid state.> We focused on
the possible in-plane motion of 1 in this 1D-stacking column structure and to confirm that
we investigated the series of fluorinatedsumanenes via their dielectric properties. The
representative one, difluorosumanene (2) possesses two fluorine atoms on the same benzylic
carbon of pristine sumanene to have a large dipole moment along the in-plane direction.
Thermal analyses, variable temperature X-ray diffraction and IR measurements indicated
the presence of in-plane motion of 2 although no clear phase transition caused by the bowl
flipping was involved.*® This thermal property of 2 realized an anisotropic dielectric
response with a Debye-type dielectric relaxation in the single crystalline state. This
dielectric property was further arranged by making solid solutions with pristine 1 and 2.%
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Meanwhile, mono-substituted molecule, monofluorosumanene 3, exhibited bowl
inversion in the solution state, to be a diastereomeric mixture of the outer (exo)- and the
inner (endo)-side F-substituted derivatives. The population ratio of the two conformers of
monofluorinated derivatives in single crystals drastically changed depending on the
crystallization solvents and the resulting exo/endo ratio emerged the significant change in
the dielectric properties of the crystalline powder.*

“Butterfly” shape molecule: Indanedione dimers

4-pyridylindanedione dimer (4PID) is a distorted X-shape, in other words,
“butterfly”-like molecule and affords high quality single crystals possessing 1D-channel
structure with ca. 5 A x 7 A window size under the presence of less-polar solvent such as
hexane as well as a tightly-packed structure by the recrystallization with polar solvent
selectively. These two structures are interconvertible via guest molecule removal/insertion
with keeping crystallinity.” The former 1D-channel structure was utilized for the
incorporation of various kinds of molecules, such as chain, branched alkanes, simple
aromatic compounds, etc. One useful example is the recognition of p-xylene from the
xylene mixture which can be arranged by the number of N atoms in the hetero ring. This
1D-channel also worked as the space for emergence of unique physical properties such as
second harmonic generation (SHG).
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Ultra-fast supercritically-solvothermal polymerization for
large-sized single-crystalline covalent organic frameworks

(!State Key Laboratory of Molecular Engineering of Polymers, Department of
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Crystalline polymer materials, e.g., hyper-crosslinked polystyrene, conjugate
microporous polymers and covalent organic frameworks are used for catalyst carrier,
organic electronic device and molecular sieve. Their properties and applications are highly
dependent on their crystallinity. An efficient polymerization strategy for the rapid
preparation of highly or single-crystalline materials is beneficial to not only
structure-property studies but also practical applications. However, polymerization usually
leads to the formation of amorphous or poorly crystalline products with small grain sizes. It
has been a challenging task to efficiently and precisely assemble organic molecules into a
single crystal through polymerization.

To address this issue, we developed a supercritically-solvothermal method that uses
supercritical carbon dioxide (sc-CO2) as the reaction medium for polymerization. sc-CO2
accelerates crystal growth due to its high diffusivity and low viscosity compared with
traditional organic solvents. Six covalent organic frameworks with different topologies,
linkages and crystal structures are synthesized by this method. Sub-mm-sized single crystals
are synthesized within 1~5 min, including 6 covalent organic frameworks with different
topologies, linkages or crystal structures. The crystal growth rate reaches 40 um min—1, at
least 6,000 times faster than state-of-the-art results of other ultra-fast polymerization
technologies. The as-synthesized products feature polarized photoluminescence and second
harmonic generation, indicating their high-quality single-crystal nature. This method holds
advantages such as rapid growth rate, high productivity, easy accessibility, industrial
compatibility and environmental friendliness.
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Flexible Molecular Crystal Photonics
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Organic molecular crystals are attractive because of the wide variety of unique properties
based on the diversity of their molecular structures.' The design of n-conjugated molecules is
one of the attractive topics for light-emitting and semiconducting performances. Controlling
band-gap through expansion and combination of molecular systems is by no means a difficult
task in recent years. On the other hand, improving functionality and performance based on
design to improve quantum efficiency, molecular arrangement in crystals, and crystal shape
control is a difficult challenge. In the design of molecular crystals, a method of treating a
combination of interacting functional groups as a synthon is called a supramolecular synthon.?
We have focused on this synthon and have been developing crystal-specific physical properties
and creating functions. This idea is extremely useful in photonics applications that require the
aforementioned quantum efficiency improvement design, molecular arrangement in crystals,
and crystal shape control.

Several phenomena such as chromics, optical waveguides, optical resonators, and lasers
can be envisioned as photonics applications of organic molecular crystals. It is preferable that
these materials have excellent luminescent properties. Second, the molecular arrangement and
orientation in the crystal becomes important. Thirdly, the crystal shape has a large effect on the
optical oscillation efficiency. Since laser oscillation can be caused by a resonator with a well-
arranged crystal shape, the quantum efficiency, molecular arrangement, and shape that enable
stimulated emission are important factors.’

Optical waveguide properties of various luminescent microcrystals have been reported.
Since isotropic diffusion of light is observed from a two-dimensional crystal compared to a
one-dimensional crystal, we can understand its importance in crystal shape. The anisotropic
optical waveguide crystal by Yong Shen Zhao et al.* is noteworthy in that it controls the
diffusion of a two-dimensional crystal anisotropically. Since light traveling perpendicular to
the transition dipole moment of molecules is strongly reabsorbed, the two-dimensional light
diffusion direction is limited to one dimension by the molecular arrangement. We have
achieved a two-dimensional crystal with extremely high anisotropic diffusivity by
appropriately arranging functional groups on luminescent molecules and designing an
alternating supramolecular polymer structure based on angle-specific attraction. > These results
also demonstrate that crystal structure design has an important position in photonics
applications.

Organic molecular crystals are brittle and have poor mechanical deformability. Therefore,
it is difficult to realize flexible devices that directly utilize molecular crystals. On the other
hand, we realized elastic flexibility of molecular crystals for the first time by focusing on the
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repulsion between molecules in a t-conjugated * cuved » colled > twisted
system. ¢ This crystal design approach
combines mechanical deformability with low
bandgap (and its control) performance, making
it directly applicable to flexible photonics.’ We

have realized the following new potential in

this crystal. Elastic molecular crystals are based
on changes in the m-m stacking structure upon
deformation, and upon crystal deformation,
changes in the molecular packing structure

PL int.

induce luminescence changes. 8 In addition, since

the crystal is deformed, it has been possible to

develop it into a flexible waveguide. On the other

hand, we have developed an efficient optical

waveguide by doping the crystal with acceptor- b W

like light-emitting molecules®. \
Furthermore, we showed that it is possible ‘ D/om ﬁx

to function as an optical resonator by optimizing

the crystal shape, and that the resonator operates BMMC

reversibly based on deformation.' /
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Toward Rational Control of Mechanochromic Luminescence by
Organic Crystals
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In recent years, there has been increasing interest in mechanochromic luminescence
(MCL) of organic crystals, where the emission color of fluorescence or phosphorescence
changes in response to mechanical stimuli.'? The MCL exhibited by organic crystals often
originates from alterations in molecular arrangement and conformation induced by
amorphization or phase transition to another polymorphic crystal upon mechanical
stimulation. However, the design of organic crystals that manifest the desired MCL
properties remains a challenging task. This presentation will discuss the current research
progress toward the rational control of MCL.

1. Control of MCL properties through the two-component segregated crystals
The mechanoresponsive shift of the maximum emission wavelength could be extended

by preparing two-component segregated crystals of pyrene derivatives with other
fluorophores. Significant shifts in emission wavelength were achieved by mechanical
stimulation-induced amorphization of the segregated crystals, resulting in energy transfer
from the excimer of pyrene to the other fluorophore.*>* This method could be applied to the
bispyrene derivative 1, which exhibited MCL between the monomer and excimer emission
of the pyrene moieties (Figure 1).> When 1 was mixed with 3,4,9,10-perylenetetracarboxylic
diimide (PTCDI), a wide-range MCL exhibiting the MCL shift of 340 nm was realized. In
addition, when mixed with 9,10-anthraquinone (AQ), a two-step MCL from blue to
blue-green and orange was achieved in response to the intensity of mechanical stimulation.
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Figure 1. Wide-range MCL of 1/PTCDI and two-step MCL of 1/AQ.
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2. Extension of the mechanoresponsive luminescence shift via formation of doped crystal

Crystalline benzothiadiazole derivatives substituted with electron-rich heteroaromatic
rings exhibit versatile MCL properties.*’ While substituted thienylbenzothiadiazole
derivatives showed significant hypsochromic shifts of luminescence upon grinding, the
mechanoresponsive luminescence shift of the unsubstituted derivative 2 was only 10 nm."
However, by doping with a trace amount of dithienylbenzothiadiazole 3, the
mechanoresponsive shift could be extended to 69 nm (Figure 2)."" Specifically, the emission
color of crystalline 2 was changed from green (Aem = 502 nm) to yellow (Adem = 559 nm) by
doping with 250 ppm of 3. Mechanistic studies revealed that the yellow emission from the
doped crystal 2-3 was due to Forster resonance energy transfer (FRET) from 2 to 3. When a
mechanical stimulus was applied to crystalline 2:3, the emission color shifted in the
hypsochromic direction to light blue (Aem = 490 nm). The fluorescence spectrum of ground
2-3 was in good agreement with that of ground 2, indicating the significant decrease in
FRET efficiency in ground 2-3. This doping strategy represents a new design principle to
rationally control the mechanoresponsive properties of luminescent organic crystals.
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Figure 2. Extension of mechanoresponsive luminescence shift of 2 by doping with 3.
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CO; capture and utilization with sunlight based on control of molecular space (‘'Graduate
School of Engineering, Tokyo University of Science) OTatsushi Imahori'

To accomplish carbon neutral by 2050, carbon-recycle that captures CO» and utilizes it as a
resource must be put to practical use. In particular, CO, capture and transformation to chemicals
doubly reduce atmospheric CO; through CO; capture and replacement of use of fossil carbon
resource. However, development of the carbon-recycle technologies to chemicals is limited.
While various CO; capture technologies have been developed and are under development, the
technologies include heating and/or high-pressure process with high energy, which is likely to
emit CO; in the energy production process. CO; transformations to chemicals with less CO»-
emmition process are also limited. Our group is developing carbon-recycle technologies using
sustainable sunlight. CO, capture and release technology with sunlight has been developed
based on control of molecular space with photo-responsive structural changes. CO»
transformations forming a C-C bond with sunlight has also been developed with visible-light-
redox catalysis, which constructs nuclei of chemicals by the C-C bond formation and enables
synthesis of various chemicals. Sustainable carbon-recycle technologies with sunlight could
expand the application and accomplish practical use.

Keywords : CCU,; Sunlight; Azobenzene; Photo-redox catalysis; C-C bond formation
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more than 15 examples

2. AIHRYCER LI TR K AR T LR v & CO, D C-C FEA B

1) AYEEEEM, FFRE 2019-36824, 2021-502674, PTC/JIP2020/0085522, [EIBS/ARHE 5
W02020-175711, EP20763430.4, GB20763430.4, FR20763430.4, DE20763430.4
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Molecular Spaces Exerted by Quinoline Oligomers ('Graduate School of
Pharmaceutical Sciences, Keio University, 2Institute of Microbial Chemistry) oNaoya
Kumagai'?

Our group is motivated to design and synthesize quinoline-based cyclic oligomers to
develop a new family of functional small molecules. The simplest cyclic trimer,
TriQuinoline (TQ), tightly captures proton at the center of the molecule and the
resulting cationic aromatic material renders supramolecular complexation via n- ©/CH-
7 interactions in polar media. Embedding oxygen atoms between quinoline units
allows TQ to acquire a non-flat architecture, and the thus-formed oxa-TriQuinoline (o-
TQ) serves as a bowl-shaped tridentate ligand to Cu(l), exhibiting catalysis,
supramolecular complexation, and aggregation-induced emission.! Simple
incrementation of a quinoline unit gave rise to a saddle-shaped rigid tetramer,
TEtraQuinoline (TEQ), which is regarded as a chiral Cs-symmetric porphyrin-like
material.? A distinct quinoline tetramer with alternative ring connectivity, iso-TEQ, and
an indole and quinoline hybrid molecule, In2Q2, are also presented.

Keywords : quinoline; multidentate; macrocycles; fluorescence; supramolecular
chemistry

BROVI =TT, ¥/ ) VEBABKE UVERRAY INVN—DOTF1Y - B
&, TOHEEREMEREZED T\, RLBEMGESEEZE I 2B FERR 3 24
TriQuinoline (TQ) (&, ZOHORERICGREIC 7O N Y ZR/RFELTAHAFAZ Y VIR
3 ETKBEERL, WIEAEHRTr-n/CH-n BEERIC X 28BH FiEEEFR
95, ¥/ ) VREFBPLMICERIFEFZEA LT oxa-TriQuinoline (o-TQ) (F3EF
HEEZB L, IE4EERMD 3EERPEAMFEL THETS ', 20 Cu()iix
BRTILERZEB L, BHEMEE - BOTFEREOHRST, REFLERNLEDRERET
%, ¥/ UVEBEAMNOEIEICEL > THIFFHEILIFEIRET, RIK 4 £4& TEtraQunoline
(TEQ) IEMIEY KILFREZL, MABBREBAICED CHEMFIILRILTZ 1YY
BROFEUTHERET %% BUEEEARE LT, ERERXERZE LR isoTEQ, \17
Uy ROF In2Q2 DEMEERLTHED, FOMEERRO—IHEBNT %,

g
J

TriQuinoline oxa-TriQuinoline TEtraQuinoline /so-TEtraQuinoline In2Q2
[TQ] [0-TQ] [TEQ] [ ~TEQ] indole (In) x quinoline (Q)

1) Kobayashi, T.; Kumagai, N. Angew. Chem. Int. Ed. 2023, 62, €202307896.
2) Xu, W.; Nagata, Y.; Kumagai, N. J. Am. Chem. Soc. 2023, 145, 2609.

Q%
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Characteristic Features of Chiral Bifunctional Chalcogenide Catalysts (Institute of Integrated
Science and Technology, Nagasaki University) OSeiji Shirakawa

Chiral bifunctional sulfide and selenide catalysts have been developed for highly
stereoselective halocyclizations. These catalytic systems have successfully been applied to
hitherto difficult catalytic asymmetric transformations, such as kinetic resolutions of a-
quaternary carboxylic acids and asymmetric CO; utilization reactions.

Keywords: Organocatalysts;, Asymmetric Synthesis; Green Chemistry;, Carbon Dioxide
Fixation, Planetary Health
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FRREEC o - 7= RA AR | Lo sulfide catalyst > & ,
ORI LT, 20 ¢ | "o
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I5 5978w omoE | 9% (alloon) OO
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1) R. Nishiyori, T. Mori, K. 9

Okuno, S. Shirakawa, Org. Y\HJ\OH + B"_NVN% Br\/ob—/NH
Biomol. Chem. 2023, 21, 3263. . Zpu o o Bh

2) K. Okuno, M. Hiraki, B. | /" generaton;

Chan, S. Shirakawa, Bull

Chem. Soc. Jpn. 2022, 95,52. 3) K. Okuno, B. Chan, S. Shirakawa, Adv. Synth. Catal. 2023, 365, 1496.
4) K. Okuno, Y. Furuya, S. Shirakawa, Eur. J. Org. Chem. 2024, 27, €202300985. 5) R. Nishiyori, T.
Mori, S. Shirakawa, Org. Biomol. Chem. 2023, 21,4002. 6) T. Mori, R. Nishiyori, S. Sumida, Y. Furuya,

S. Shirakawa, Eur. J. Org. Chem. 2023, 26, €¢202300551.
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Dynamic Asymmetric Catalysis Using Transition Metal Complex (‘RIKEN Cluster for

Pioneering Research, RIKEN Center for Sustainable Resource Science) O Yoshihiro
Sohtome'~

Asymmetric catalysis is one of the most powerful methodologies for engineering chiral
molecules. However, the identification of the key parameters controlling the stereo-
determining step in transition metal catalysis is still challenging. Since we reported the
structural characterization of the distorted Ni(I[)-diamine—acetate complex (CCDC
1482741)," we were motivated to develop asymmetric Ni(II) catalysis to simultaneously gain
insight into the mechanisms. Here, we present the development of the Ni(II)-diamine—acetate
complex and its application to the dynamic asymmetric catalysis, from viewpoints of
experimental and computational chemistry.'™

Keywords: Dynamic Catalysis; Asymmetric Catalysis, Cycloaddition, a-Keto Ester; Enolate

W DRI Ay bl 2 D TH 72 2% 5 000 F 2 469 2 R AR5 BOSE. %5
VT ENRANCHAE T D 7200, Ik BB T RO —>TH 5, SRR R
BRI OV T HIRRIICHEIRET D Z E N D BRA LN TE =, ITFE CTIEEHE L
FOMT 2D TEBREBAROICE T2 Z ENAREL 2o b DD RGN
DRELHHEIE I LV fER A EASND Z L ICb 42 #HilBT 5,

IR DOBMROITH AR T A Fox IR TR LSBT LXF TV T 4 — 5
T 5= v A VEEIRE (CCDC 1482741) & HHEx~ 7= D, KRIEELTIL, Z O AfREED
% LR, BIOSLIAHIE~D BB OW T, EBRLS - HELFORA TH#EmT D -

5)

o

1) Sohtome, Y.; Nakamura, G.; Muranaka, A.; Hashizume, D.; Lectard, S.; Tsuchimoto, T.; Uchiyama,
M.; Sodeoka, M. Nat. Commun. 2017, 8, 14875.

2) Bartlett, S. L.; Sohtome, Y.; Hashizume, D.; White, P. S.; Sawamura, M.; Johnson, J. S.; Sodeoka,
M. J. Am. Chem. Soc. 2017, 139, 8661-8666.

3) Ezawa, T.; Sohtome, Y.; Hashizume, D.; Adachi, M.; Akakabe, M.; Koshino, H.; Sodeoka, M. J. Am.
Chem. Soc. 2021, 143, 9094-9104.

4) Sohtome, Y.; Sodeoka, M. Chem. Pharm. Bull. 2022, 143, 616—623.

5) Sohtome, Y.; Komagawa, S.; Nakamura, A.; Hashizume, D.; Lectard, S.; Akakabe, M.; Hamashima,
Y.; Uchiyama, M.; Sodeoka, M. J. Org. Chem. 2023, 88, 7764-7773.
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Controlled Molecular Space of Catalyst Supported by Chalcogen-bonding Interaction
(‘Laboratory of Pharmaceutical Chemistry, Kyoto Pharmaceutical University) O Takumi
Furuta'

The attractive non-covalent interaction between chalcogen atoms (S, Se, Te) and heteroatoms
such as oxygen and nitrogen is known as chalcogen-bonding interaction. We have introduced
this attractive interaction for controlling the stereostructure of catalysts. One example is
dirhodium(II) carboxylate catalyst (S)-1, in which the chiral structure is supported through
chalcogen-bonding interactions between sulfur and oxygen atoms in each ligand.
Conformational control of urea derivatives by virtue of the dual chalcogen-bonding interactions
formed at both sides of the carbonyl group was also described in this presentation.

Keywords : Chalcogen-bonding interaction; Conformational control; Rh(Il) catalyst; Urea
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DHA TG, BLaF gL s, prary (16 ) twEE~TaRT7 & O
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1) Murai, T.; Hamada, S.; Kobayashi, Y.; Furuta, T. et al., ACS Catal. 2021, 11, 568.

2) Inoue, T.; Hamada, S.; Kobayashi, Y.; Furuta, T. et al., Chem. Eur. J. 2023, €202302139.
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Creation of Molecular Space by Linking Pillar-shaped Macrocyclic Host Molecules
"Pillar[n]arenes" ('Graduate School of Engineering, Kyoto University, *WPI-NanoLSlI,
Kanazawa University) OTomoki Ogoshi'?

Pillar[n]arenes serve as valuable building blocks for creating one-dimensional molecular
spaces by connecting them vertically due to their pillar-shaped structure. In this study, we
mixed pillar[5]arene with secondary amino groups on both faces and pillar[S]arene with
benzoic acid on one side. The system eventually converged to a homochiral trimer through the
repair of mismatched ion pairs, enabling real-time monitoring of the chiral transfer process.
The synthesis of chiral covalently bonded tubes was also achieved by employing dynamic
covalent bond formation of imines using pillar[5]arene with aldehyde on one side and diamines.
Pillar[5]arene-based cavitands were prepared using a colannelene skeleton with five amino
groups as the end cap through dynamic covalent chemistry.

Keywords : Pillar[n]arenes, Non-covalent Bonds, Dynamic Covalent Bonds; Planar Chirality
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ZCARMIE TR, TR transfer by matching ten ion pairs between pS-amine and acid.
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1) Fa, S.; Sakata, Y.; Akine, S.; Ogoshi, T. Angew. Chem. Int. Ed. 2020, 59, 93009.

2) Fa, S.; Shi, T.-H.; Akama, S.; Adachi, K.; Wada, K.; Tanaka, S.; Oyama, N.; Kato, K.; Ohtani, S.;
Nagata, Y.; Akine, H.; Ogoshi, T. Nat. Commun. 2022, 13, 7378.

3) Shi, T.-H.; Fa, S.; Nagata, Y.; Wada, K.; Ohtani, S.; Kato, K.; Ogoshi, T. Cell Rep. Phys. Sci. 2022,
3, 101173.

4) Shi, T.; Nagata, Y.; Akine, S.; Ohtani, S.; Kato, K.; Ogoshi, T. J. Am. Chem. Soc. 2022, 144, 23677.
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Supramolecular functional materials created by manipulating molecular space (!Graduate
School of Science, Osaka University, *FRC, Osaka University, 3ICS-OTRI, Osaka University)
OYoshinori Takashima'?3

The report will introduce chemical and mechanical sensors through the polymeric network
designs using cyclodextrin (CD) and electricity of carbon filler (ketjenblack: KB). The
composites of reversible cross-linked elastomers and KB enable to fabricate the gas sensor, which
detect by the change in resistance due to host-guest complexation of the CD units. Composite
materials with KB and movable cross-linked elastomers to achieve high toughness, high
conductivity, and strain-sensing functions. One approach is mixing the movable cross-linked
elastomer, linear polymers, and KB to obtain the stress-strain sensor showing linear stable responses
for over 100 loading and unloading cycles. The other approach is a composite made with KB and
a movable cross-network elastomer, where movable cross-links connect the CD-modified

polystyrene (PSCD) and PEA. The obtained composite acts as a highly sensitive stress-strain sensor.

Keywords : Chemical Sensors, Mechanical Sensors, Polymeric Network Designs, Carbon Filler
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[(KBEAAFHKEBEMHETRFFOE
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(&35 3C#]
1) Design of self-healing and self-restoring materials
utilizing reversible and movable crosslinks. Y. Takashima,
et. al. NPG Asia Mater. 2022, 14, 10.
host-guest complexation-dictating supramolecular gas

2) Leaf-inspired

sensors. Y. Takashima, et. al. ACS Appl. Mater. Interfaces
2023, 15, 39777-39785.  3) Highly Stretchable Stress-
Strain Sensor from Elastomer Nanocomposites with
Movable Cross-links and Ketjenblack. Y. Takashima, et. al.
ACS Polymers Au 2023, 3, 394-405.
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Ry: Initial resistivity
R: Resistivity at equilibrium
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Fig. 2. (a) Photograph and schematic side

view image of the gas-sensing devices. (b)
Evaluation of gas sensing properties of the
device with various gases.
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Exploration of New Reactions and New Materials Based on the Fusion of Automated Synthetic
Robots, Information Science, and Theoretical Chemistry (WPI-ICReDD, Hokkaido University)
OYuuya Nagata

In the search for new reactions and materials, organic synthesis experiments that rely on the
experience and manual labor of researchers continue to be the primary method. On the other
hand, more efficient alternatives to such methods continue to be sought. While a wide variety
of methods have been developed and proposed, the use of automated synthetic robots for
synthesis and the search for new substances has recently been attracting attention (Figure 1).
The use of automated synthetic robots in research is expected to achieve extremely high
reproducibility and experimental accuracy and to improve the efficiency of simple and labor-
intensive synthetic chemistry experiments.

This presentation will discuss the method to develop new reactions and new materials more
efficiently by narrowing down the targets to be experimentally verified using informatics and
theoretical chemistry and combining them with automated synthetic robots through research
examples.

Keywords: Automated Synthesis Robot; Theoretical Chemistry; Information Science
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Figure 1. An automated synthetic robot to be

introduced in this presentation.
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Construction and Control of Giant Space Using a Flexible Tripeptide (Ochanomizu
University) ORyosuke Miyake

Formation of artificial giant space from a flexible unit is still challenging in supramolecular
chemistry due to entropic disadvantages. We have succeeded to form giant cyclic complexes
with a diameter ~2 nm using an artificial flexible tripeptide possessing metal binding sites, in
which metal coordination bonds connect the flexible peptides and control their conformations.
Structural flexibility of the tripeptide allows the formation of three kinds of giant complexes
depending on the coordination conditions. Herein, we report details of their formation process
and discuss how to control complex giant structures using flexible units.

Keywords : Giant Space; Flexible Peptide; Cyclic Metal Complex,; Formation Process
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1) R. Miyake, J. Incl. Phenom. Macrocycl. Chem., 2022, 102, 711, R. Miyake, Chem. Commun., 2021, 57, 7987.
2) R. Miyake, A. Ando, M. Ueno, T. Muraoka, J. Am. Chem. Soc. 2019, 141, 8675.
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Multi-step skeletal transformation of fluorinated helicenes involving fluorine rearrangement
and elimination (Faculty of Science, Yamagata University) OTakashi Murase

F4-[7]Helicene underwent a photoinduced Diels—Alder reaction followed by a photoinduced
double fluorine atom transfer. The resulting product was unstable on silica gel, leading to the
elimination of two fluorine atoms and yielding a difluorinated carbonyl compound. Similarly,
F4-thia[6]helicene underwent a photoinduced Diels—Alder reaction, but the spontaneous
elimination of one sulfur atom and two fluorine atoms produced F»-coronene. Moreover, S-
oxidation of the thiophene ring facilitated the same transformation under heating conditions.
Keywords : Helicene; Fluorine; Coronene; Thiophene; Domino Reaction
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1) T. Murase, C. Matsuda, K. Adachi, T. Sawada, M. Fujita, Commun. Chem. 2018, 1, 97.
2) C. Matsuda, Y. Suzuki, H. Katagiri, T. Murase, Chem. Asian J. 2021, 16, 538-547.
3) C. Matsuda, R. Igarashi, H. Katagiri, T. Murase, Chem. Eur. J. 2022, 28, €202200132.
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R&D on Perovskite Photovoltaics toward Practical Application ('Institute for Chemical
Research, Kyoto University, *EneCoat Technologies, Co. Ltd.) O Atsushi Wakamiya'*

Perovskite solar cells have attracted much attention as next-generation solar cells that can be
fabricated by coating materials and have a lightweight and flexible shape. Our research focuses
on the materials chemistry to improve the performance of solar cells. Based on our research
achievements, we established a startup, EneCoat Technologies, in 2018, and are working to
commercialize perovskite photovoltaics. In this presentation, the latest research results
regarding the structural modification method of the perovskite layer surface'™ as well as charge
collecting monomolecular layer materials® toward the practical application.”

Keywords : Perovskite; Photovoltaics, Surface Modification;, Organic Semiconductors;
Applications
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1) S. Hu, K. Otsuka, R. Murdey, T. Nakamura, M. A. Truong, T. Yamada, T. Handa, K. Matsuda, K.
Nakano, A. Sato, K. Marumoto, K. Tajima, Y. Kanemitsu, A. Wakamiya, Energy Environ. Sci. 2022,
15,2096.

2) S.Hu,J. Pascual, W. Liu, T. Funasaki, M. A. Truong, S. Hira, R. Hashimoto, T. Morishita, K. Nakano,
K. Tajima, R. Murdey, T. Nakamura, A. Wakamiya, ACS Appl. Mater. Interfaces 2022, 14, 56290.

3) S. Hu, P. Zhao, K. Nakano, R. D. J. Oliver, J. Pascual, J. A. Smith, T. Yamada, M. A. Truong, R.
Murdey, N. Shioya, T. Hasegawa, M. Ehara, M. B. Johnston, K. Tajima, Y. Kanemitsu, H. J. Snaith,
A. Wakamiya, Adv. Mater. 2023, 35, 2208320.

4) M. A. Truong, T. Funasaki, L. Ueberricke, W. Nojo, R. Murdey, T. Yamada, S. Hu, A. Akatsuka, N.
Sekiguchi, S. Hira, L. Xie, T. Nakamura, N. Shioya, D. Kan, Y. Tsuji, S. likubo, H. Yoshida, Y.
Shimakawa, T. Hasegawa, Y. Kanemitsu, T. Suzuki, A. Wakamiya, et al. J. Am. Chem. Soc. 2023,
145, 7528.

5) T. Nakamura, Y. Kondo, N. Ohashi, C. Sakamoto, A. hasegawa, S. Hu, M. A. Truong, R. Murdey, Y.
Kanemitsu, A. Wakamiya, Bull. Chem. Soc. Jpn. 2024, (doi.org/10.1093/bulcsj/uoad025).

© The Chemical Society of Japan - G02-2am-01 -



G02-2am-02 AZ(b2a B1045SE2 (2024)

ROTANA FABERDOEREIZAGF Y —2of / "= 3
VESEY

(PEEHATRAMZENT Ernx= vy a VEBELREEE 2 —) OF £ HHER
Green Innovation Project for the Commercialization of Perovskite Solar Cells (Global Zero-
Emission Research Center, National Institute of Advance Industrial Science and Technology,
AIST) OTakurou N. Murakami

The innovation with the new technologies is necessary for the carbon neutrality in 2050.
Perovskite solar cells (PSCs) are one of the candidates of the ultra-light photovoltaics from
their flexible characteristics of the perovskite layers for potentials of the film-type of solar cells.
Coating and printing for the fabrication processes of PSCs are expected to lead the low-cost
photovoltaics. In addition, higher than 18% power conversion efficiency of PSCs has been
reached in the practical sized modules about 800 cm?, and they are expected to become next-
generation solar cells that enable solar power generation at the low-load-bearing capacity roofs
such as the factories, gymnasiums in the school, carport, and the wall of the buildings. However,
the practical application of the perovskite solar cells requires the long-term durability and
development of the layers coating processes that enable mass production.

For the commercialization of perovskite solar cells, national research project was established
in FY2021 as the Green Innovation fund project, and we are working on the development of
high durability technology, cell fabrication technology for the mass-production of perovskite
solar cells, methodologies for analyzing perovskite solar cells, and performance and reliability
evaluation technology. This presentation will introduce the activities in the project.

Keywords : Carbon neutral: Perovskite solar cells; Green innovation, Ultra-light; Film-type;
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Frontier of research and development of Tin-based perovskite solar cells and their application
to perovskite tandem solar cells
(i-PERC, The University of Electrocommunications) Shuzi Hayase

Since the bandgap of Tin-based perovskite (Lead-free tin perovskite (Sn-PVK) and Tin-Lead
alloyed perovskite (SnPb-PVK)) are between 1.2 eV and 1.4 eV, they have potentials
theoretically to be high efficiency-single junction solar cells from the viewpoint of SQ limit.
The efficiency of the SnPb-PVK-PV was enhanced to 23-24% which is close to that of Pb-
PVK-PV (25-25%). The efficiency of the Sn-PVK-PV is still 14-15% because of the short
carrier lifetime which is brought about by the lattice defects such as ion vacancy, antisite,
interstitial, and Sn*. Some of the approaches to overcome these problems are reviewed. The
stability of these perovskite solar cells is also discussed. Since the SnPb-PVK-PV has narrower
bandgap of around 1.25 eV, these cells are considered as the bottom cells of the all-perovskite
tandem cells giving flexible tandem solar cells. The efficiency over 29% (as of the end of 2023)
is reported. To enhance the efficiency, the top-cell efficiency, bottom-cell efficiency and
interconnection layer has to be well-designed. The recent progress on these all-perovskite
tandems is reviewed.

Keywords : Tin perovskite, Tin-Lead perovskite, Sn-PVK, SnPb-perovskite, tandem solar cell
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1) Bottom Hole Extraction Layer and Top In-situ Protection Layer Yields over 14% Efficiency in Sn-
based Perovskite Solar Cells” Wang Lian, Shuzi Hayase, et al., ACS Energy Lett., 2022, 7, 3703-
3708.

2) “Sn perovskite solar cells with tin oxide nanoparticle layer as hole transport layer”, Takeshi
Kitamura, Shuzi Hayase, et al., ACS Energy Lett., 2023, 8, 3565-3568.

3) Martin Green, et al., Prog. Photovolt. Res. Appl., 2023, 31, 651-663, Efficiency Table 62.

4)  "All Perovskite Tandem Solar Cells Approach 26.5% Efficiency by Employing Wide Bandgap
Lead Perovskite Solar Cells with New Mono-molecular HTL Layer" Bi, Huan; Segawa Hiroshi,
Hayase, Shuzi, et al, ACS Energy Lett., 2023, 8, 3852-3859.
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Development of lightweight flexible modules of perovskite solar cells
(Toin University of Yokohama) O Tsutomu Miyasaka

Achieving the highest efficiency of crystalline silicon (26.1%), major factor of perovskite
solar cells that differentiates them from crystalline silicon is light weight and flexibility of
large-area modules. This lecture will focus on module fabrication using plastic substrates and
discuss the crystallization technology for large area coating in order for Japanese
manufacturing companies to win the competition in production technology.

Keywords : perovskite solar cell, photovoltaics, lightweight flexible, module
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Development for commercialization of film-type perovskite solar cells and Challenges for
social implementation (Sekisui Chemical Co.,ltd) OTakeharu Morita, Akinobu Hayakawa?

The perovskite solar cells have attracted attention in recent years. We have been developing
for commercialization of film-type perovskite solar cells, and have been challenging for social
implementation. Sekisui has made excellent progress and leads the industry in three
representative requirements. The first is conversion efficiency as a module. The module is
designed to be used for an extended period and has achieved a conversion efficiency of 15%.
The second is durability. Under current solar cell standards, durability equivalent to 10 years
has been confirmed. The third is the mass production process. We can already produce 300 mm
width using the R to R process and plan to produce 1 m widths in the fall of 2025. To put this
into practical use, we have begun demonstration and construction experiments in various fields
with cooperating partners. Initial activities include factory roofs, dome stadiums, building walls,
and public infrastructure such as airports, ports, railroads, and highways.

Keywords : Perovskite Solar cells, Roll-to-roll Processing,
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Development of practical technology for highly efficient/durable perovskite solar cell modules
("AISIN CORPORATION, *IMRA JAPAN CO.,LTD.) O Junji Nakajima,' Satoru Hori,'
Tomoyuki Toyama,' Tomonari Okamoto,' Masaki Kato,' Katsuya Tsuchimoto,” Tsuneaki
Watanabe®

Aisin Group is promoting various initiatives towards realizing a carbon-neutral society.
Perovskite solar cells have the potential to provide clean energy on-site, so they are an
extremely important technology for Aisin, which has many manufacturing plants. We are
proceeding with development using the Green Innovation Fund project with a view to start
demonstration experiments at our own factory in 2025. In this lecture, we plan to introduce
Aisin's recent efforts in solar cell research and development.

Keywords : Perovskite solar cell; Carbon Neutral; Large scale module; High efficiency; High
durability
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Development of Building Integrated Perovskite Photovoltaic Glass (Panasonic Holdings
Corporation) OTaisuke Matsui

We Achieved world’s highest level energy conversion efficiency of 18.1% in a practical size
of 804cm? by our unique material composition and process innovations. Using the unique inkjet
printing technology that we have cultivated over the years, we are able to directly print
perovskite solar cells on building glass materials which has unevenness and undulation. This
enables us to improve reliability, rigidity and flexibility in size and design. This product is able
to generate electricity with harmonizing our lives integrated with windows, walls, or wherever
glass is used.

Keywords : Perovskite Solar Cell; BIPV
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Challenges for the Commercial Development of Perovskite Solar Cells
(EneCoat Technologies Co., Ltd.) OTamotsu Horiuchi,'

Perovskite solar cells are a promising source of renewable energy. Their versatility and
potential for low-cost production make them attractive targets for commercial development.
EneCoat Technologies is a start-up from Kyoto University and the only company in Japan that
specializes in the manufacture of perovskite solar cells. Our company is developing film-type
solar cells for portable, remote power sources. The devices have inverted PIN structures and
use monolayer hole-transport layers.! As shown in Fig. 1 (left), the lower transparency of the
film substrate compared to glass substrates leads to lower short-circuit current density (Jsc).
Despite this, as shown in Fig. 1 (right), we have successfully realized a 7.5 cm square film-
type module with a power conversion efficiency (PCE) of 19.4%.

Keywords: perovskite solar cells, thin film solar cells, solar modules, fabrication technology
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Figure 1 (left) compares typical forward J-V curves for glass-based and film-based 0.1 cm?
solar cells, while Figure 1 (right) shows the forward J—V curves for a 7.5 cm? film-based
module.

1) A. Wakamiya et al., J. Am. Chem. Soc., 2023, 145, 7528.
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A Catalyst for Epigenome Sensing and Regulation

(‘Graduate School of Pharmaceutical Sciences, Chiba University) OKenzo Yamatsugu'
Keywords: Catalyst; Epigenome; Histone; Acylation; acetyl-CoA

Life emerges from biomolecules and a network of chemical reactions among them.
Post-translational modifications of histone proteins are the representative. They regulate
gene transcription and thus form the basis of epigenome. We have been developing
chemical catalysts that acylate histone proteins in living cells to synthetically regulate the
epigenome.' If successful, it will be a new way to regulate life and will also serve as a
useful cell biology tool. In this talk, I will discuss a catalyst enabling in-cell histone lysine
acylation with endogenous acyl-CoA as the sole acyl donor.? Its application to sense in-cell
acyl-CoA concentration under various environmental stimuli will also be disclosed.
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1) a) Y. Amamoto, Y. Aoi, N. Nagashima, H. Suto, D. Yoshidome, Y. Arimura, A. Osakabe, D. Kato,
H. Kurumizaka, S. A. Kawashima, K. Yamatsugu, M. Kanai, J. Am. Chem. Soc. 2017, 139, 7568.b) Y.
Fujiwara, Y. Yamanashi, A. Fujimura, Y. Sato, T. Kujirai, H. Kurumizaka, H. Kimura, K. Yamatsugu,
S. A. Kawashima, M. Kanai, Proc. Natl. Acad. Sci. USA 2021, 118, €2019554118. ¢) C. Adamson, H.
Kajino, S. A. Kawashima, K. Yamatsugu, M. Kanai, J. A4m. Chem. Soc. 2021, 143, 14976. d) K.
Yamatsugu, S. A. Kawashima, M. Kanai, Curr. Opin. Chem. Biol. 2018, 46, 10. 2) M. Habazaki, S.
Mizumoto, H. Kajino, T. Kujirai, H. Kurumizaka, S. A. Kawashima, K. Yamatsugu, M. Kanai Nat.
Commun. 2023, 14, 5790.
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Radical-based Transformations through Reductive Carbon—
Sulfonyl Bond Activation

(‘Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University)
O Masakazu Nambo'
Keywords: Sulfone; Radical; C—SO, bond activation; Photoredox catalysis; Alkylation

Organosulfones are versatile intermediates in organic synthesis because of the ease
with which they permit facile structural modification through a-functionalization or conjugate
addition." Due to the inherent stability of sulfonyl groups, strong reducing agents such as Na
amalgam and Mg are generally required for their removal. Recently, organosulfones have
attracted considerable attention in cross-coupling reactions as a new class of electrophiles.” Our
group and others have developed several transition-metal catalyzed cross-coupling reactions of
functionalized aromatic and benzylic sulfones via carbon—sulfonyl (C—SO,) bond activation.*
Substituents on the sulfonyl group were found to provide a powerful new avenue for controlling
reactivity. Building on these reports, next we envisioned that a controlled single electron
reduction of sulfones would have the potential to establish a new method for the generation of
carbon radicals in organic synthesis and expand the utility of sulfones. In this presentation, we
will present a radical-based transformations through reductive C—SO, bond activation of
sulfones.

1. Giese reaction via reductive desulfonylation of alkylsulfones

We have developed a simple method for the conversion of tertiary alkylsulfones to
tertiary alkyl radicals, and their alkylation to generate quaternary carbon centers.’ The Giese
reaction proceeds efficiently using readily available Zn powder with 1,10-phenanthroline
(phen) as a new single electron reducing agent. The tetrazolyl group on the sulfonyl group was
found to be an effective substituent for radical generation. A variety of quaternary products
could be synthesized from tertiary alkylsulfones and electron-deficient olefins. And substrates
in which the olefin moieties were introduced by a-alkylation of secondary sulfones can be
employed in an intramolecular Giese reaction, giving interesting spiro compounds. The radical
generation process involving a single electron transfer and subsequent fragmentation of sulfone
radical was investigated by control experiments and theoretical calculations.

2. Desulfonylative transformations by visible-light photoredox catalysis

Building on our previous work with regards to the application of sulfones in catalysis,
we found that visible-light photoredox catalysts can be employed to promote the reductive
desulfonylation of tertiary alkylsulfones and their reaction with gem-difluoroalkenes.* Notably,
this method produces thermodynamically unfavorable E-fluoroalkenes as the major products
in one-pot, compounds that are difficult to synthesize by traditional routes. Investigation of the
origin of stereoselectivity indicates that the Ir catalyst also promotes photocatalytic Z/F
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isomerization of initially generated Z-isomers to give the observed E-isomers.

When benzylic sulfones were used instead of alkyl sulfones, the desulfonylative
homocoupling proceeded smoothly.” This method enables the facile synthesis of a variety of
multiply-arylated ethanes, including those functionalized with deuterium or fluorine at the
benzylic position prior to cross-coupling, which provides interesting motifs in medicinal
chemistry.

3. Visible-light-induced direct C—H alkylation of polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) are fragments of graphene that have
attracted considerable attention as a new class of carbon-based materials. The functionalization
of edge positions in PAHs is important to enable the modulation of physical and chemical
properties essential for various applications. However, straightforward methods that combine
functional group tolerance and regioselectivity remain sought after. We have developed a
photochemical approach for the direct alkylation of carbon—hydrogen bonds in PAHs that takes
place in a regiospecific manner, an outcome that has never been achieved in the related thermal
reactions.® A reaction mechanism involving a single electron transfer process from photo-
excited PAHs to sulfones, and a rationale for the origin of regioselectivity are proposed on the
basis of spectroscopic analyses and theoretical calculations.
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1) a) B. M. Trost, Bull. Chem. Soc. Jpn. 1988, 61, 107. b) B. M. Trost, C. A. Kalnmals, Chem. Eur. J.
2019, 25, 11193.

2) a) M. Nambo, Y. Maekawa, C. M. Crudden, ACS Catal. 2022, 12, 3013. b) J. Corpas, S. H. Kim-Lee,
P. Mauleon, R. G. Arrayas, J. C. Carretero, Chem. Soc. Rev.2022, 51, 6774. c) M. Nambo, C. M. Crudden,
Chem. Rec. 2021, 21, 3978.

3) M. Nambo, Y. Tahara, J. C.-H. Yim, D. Yokogawa, C. M. Crudden, Chem. Sci. 2021, 12, 4866.

4) a) M. Nambo, K. Ghosh, J. C.-H. Yim, Y. Tahara, N. Inai, T. Yanai, C. M. Crudden, ACS Catal. 2022,
12,9526. b) Y. Tahara, K. Ghosh, M. Nambo, Can. J. Chem. 2023, 101, 491.

5) R. Ohkura, M. Ohtsuka, J. C.-H. Yim, M. Nambo, C. M. Crudden, Synlett 2023, 34, 81.

6) Manuscript in preparation.
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Photocatalytic Reactivity of Zwitterions

(\Institute of Transformative Bio-Molecules (ITbM) and Graduate School of Engineering,
Nagoya University) OKohsuke Ohmatsu'
Keywords: Radical, Photoredox Catalysis, Zwitterion, C—H Functionalization

Zwitterions, which have both positive and negative charges in a single molecular
framework, often exhibit unique properties such as large polarization, high crystallizability,
and strong ionic interaction. These properties enable the application of zwitterions in a
various field of chemical sciences. Another important aspect is their stability. Compared to
typical cations and anions, zwitterions are generally easy to generate and often isolable
owing to the stabilization by the inductive and resonance effects. From the viewpoint of
synthetic chemistry, such stable species are usually unsuitable for the use as catalysts and
reagents because they do not show notable reactivity. However, since highly polarized
zwitterions efficiently undergo single electron transfer (SET) processes to generate the
reactive radical ion species, zwitterions can be regarded as the easy-to-handle precursors of
highly active intermediates. In light of this consideration and our research program on the
design of ionic organic molecular catalysts,' we have been interested in the characteristic
features of zwitterions, particularly in their potential reactivity exerted via photocatalytic
activation.

One of our recent studies is the catalyst and reaction development by harnessing the
reactivity of electron-deficient radical cations generated from the stable zwitterions through
photocatalytic SET. For instance, we have devised a bench-stable, zwitterionic
1,2,3-triazolium amidate 1 and achieved catalytic hydrogen-atom transfer (HAT) reactions
based on the generation of the amidyl radical via intermolecular SET with a photocatalyst.
Furthermore, the discovery that the conjugate acid of the triazolium amidate,
1,2,3-triazolium amide, behaves as a one-electron acceptor and oxidatively regenerates
photocatalysts with dehydrogenation has led to the development of acceptorless
dehydrogenative cross-coupling (ADC) reactions.’
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While triazolium amidate is effective for photoinduced HAT with a range of aliphatic
C-H bonds, its intrinsic reactivity has yet to be fully elicited because the actual
concentration of amidyl radicals generated in the intermolecular SET is extremely low. To
overcome this problem, we have pursued an approach toward more efficient HAT directly
triggered by the photoexcitation of zwitterions.

Photoinduced direct hydrogen atom transfer, termed d-HAT, has been regarded as an ideal
strategy owing to its high catalyst economy and broad applicability.’ The existing catalysts
capable of undergoing d-HAT uniformly rely on molecular entities containing oxo groups
(Z=0), such as aromatic ketones, xanthene dyes, and inorganic metal oxo complexes, thus
being constrained to oxygen-centered radicals. This restriction poses inherent difficulty in
enhancing the reactivity of the d-HAT catalysts owing to the limited possibility of structural
modification around the oxo-groups. On the other hand, unlike oxo-containing molecules,
their nitrogen analogs lack an ability to exert d-HAT catalysis, and no reliable strategy has
been available to endow them with pertinent photocatalytic reactivity to promote HAT
reactions. Under these circumstances, we have developed zwitterionic acridinium amidates
as photoreactive amidyl radical precursors, which exert prominent reactivity as d-HAT
catalysts. The key to our catalyst design was the perpendicular orientation of the acridinium
2p orbitals and lone pair in the 2p orbital of the amidate nitrogen. This enabled the
generation of a twisted diradical consisting of reactive amidyl radicals and stable acridinyl
radicals as HAT-active species via photoexcitation and intramolecular charge transfer.*
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1) K. Ohmatsu, Bull. Chem. Soc. Jpn. 2023, 96, 1169.

2) (a) K. Ohmatsu, R. Suzuki, Y. Furukawa, M. Sato, T. Ooi, ACS Catal. 2020, 10, 2627. (b) K.
Minami, K. Ohmatsu, T. Ooi, ACS Catal. 2022, 12, 1971. (c) K. Ohmatsu, T. Ooi, Nat. Synth.
2023, 2, 209.

3) L. Capaldo, D. Ravelli, M. Fagnoni, Chem. Rev. 2022, 122, 1875.

4) L.-M. Entgelmeier, S. Mori, S. Sendo, R. Yamaguchi, R. Suzuki, T. Yanai, O. Garcia Mancheilo,
K. Ohmatsu, T. Ooi, ChemRxiv 2023, doi: 10.26434/chemrxiv-2023-pj884
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Extended Umpolung: Aromatic, Nitrogen, Phosphorus, and
Beyond

(Graduate School of Engineering, Osaka University) OKoji Hirano
Keywords: organic synthetic chemistry; bond formation; umpolung; heteroatoms; direct
C-H coupling

The development of new bond forming strategies is the most fundamental but the most
important research subject in synthetic organic chemistry. In general, chemists understand
the polarity of two organic fragments and successfully connect one to the other. Namely,
one is a negatively polarized nucleophile, and the other is a positively polarized electrophile.
Such nucleophilic or electrophilic character is fundamentally dependent on the inherent
polarity of functional groups or elements themselves. However, if the inherent polarity is
inverted, highly challenging bond-forming reactions can be achieved. This polarity
inversion concept is known as umpolung and was originally proposed by Corey and
Seebach, where the inherently electrophilic aldehyde was inverted to the nucleophilic acyl
fragment via dithioacetalization/deprotonative electrophilic substitution/deprotonation
sequence.'

Our research group focused on the conceptual extension of umpolung and successfully
developed several new bond forming reactions based on the concept of extended umpolung:
i) copper-promoted oxidative aromatic C—H coupling via aromatic umpolung,’ ii) highly
selective copper-catalyzed electrophilic amination reactions via nitrogen umpolung,’ and iii)
electrophilic phosphination reactions via Tf;0-mediated phosphorus umpolung.*

Here, recent advances, particularly, highly chemo- and stereoselective alkoxylation
reactions based on oxygen umpolung will be presented.

1) a) D. Seebach, E. J. Corey, J. Org. Chem. 1975, 40, 231. b) D. Seebach, Angew. Chem., Int. Ed.
Engl. 1979, 18, 239.

2) Accounts and reviews: a) K. Hirano, M. Miura, Chem. Commun. 2012, 48, 10704. b) K. Hirano, M.
Miura, Top. Catal. 2014, 57, 878. ¢) K. Hirano, M. Miura, Chem. Lett. 2015, 44, 868.

3) Accounts and perspectives: K. Hirano, M. Miura, J. Am. Chem. Soc. 2022, 144, 648. b) K. Hirano,
Bull. Chem. Soc. Jpn. 2023, 96, 198.

4) Selected examples: a) Y. Unoh, K. Hirano, M. Miura, J. Am. Chem. Soc. 2017, 139, 6106. b) K.
Nishimura, Y. Unoh, K. Hirano, M. Miura, Chem. Eur. J. 2018, 24, 13089. c¢) K. Nishimura, K.
Hirano, M. Miura, Org. Lett. 2020, 22, 3185. d) K. Nishimura, S. Xu, Y. Nishii, K. Hirano, Org. Lett.
2023, 25, 1503.
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Exploring Novel Nonbenzenoid Hydrocarbons toward Unusual Yet
Stable Optoelectronic Materials

(‘WPL-iCeMS, Kyoto University) O Aiko Fukazawa'
Keywords: n-Conjugation; Nonbenzenoid hydrocarbons; Aromaticity; Antiaromaticity;
Redox properties

Advancements made to date in organic optoelectronic materials are primarily attributed to
aromatic hydrocarbons and their heteroaromatic analogs. These classes of compounds are
highly valued for their high thermal and chemical stability as well as the desirable properties,
and have stimulated the development of various synthetic methodologies, resulting in a wide
variety of molecular materials. However, to achieve properties and functionalities beyond the
capabilities of existing organic materials, innovative molecular designs and exploration into
uncharted chemical spaces are crucial. In this context, nonbenzenoid hydrocarbons and related
cross-conjugated m-electron systems are an attractive class of compounds due to their
characteristic properties such as long-wavelength absorption, multistep redox properties, and
distinctive behaviors in excited states, most of which are difficult to attain with benzenoid n-
electron systems of comparable molecular weight. Despite their potential, nonbenzenoid -
electron systems remained unexplored as optoelectronic materials due to the difficulty in their
synthesis, high reactivity, and a lack of guiding principles for molecular aimed at material
applications. Our motivation is to explore the potential of nonbenzenoid n-electron systems as
game-changing building blocks for next-generation functional materials, tackling the
longstanding issues from three perspectives: to ensure stability without bulky substituents, to
develop efficient synthetic methods, and to provide molecular design guidelines to harness their
characteristic properties. This presentation will provide an overview of our strategies and some
of the recent research along two major topics as follows:

1. Strategy for the stabilization of labile nonbenzenoid n-conjugated systems without
using bulky substituents. To address the first challenge in a stability issue, we have been
focusing on the molecular design based on
the annulation of weakly aromatic rings such =1

fulvalene R

as thiophene and phenanthrene on the Tobust <

3 . . — electron-acceptor
nonbenzenoid hydrocarbons in a ring-fused © /.D\ pv >

manner. Based on this strategy, we have so

R
Angew. Chem. Int. Ed. 2013, 52, 10519.

far succeeded in synthesizing stable yet Nonbenzenoid w n
n-electron systems  deveroannuiene %X‘\\Qé
\ o ) a. /

>

unusual 7w-conjugated systems including e -
nonalternant reactivity

1 + 2
dehydroannulenes, a nonaromatic® and hydrocarbons LA

. . J.Am. Chem. Soc. 2014, 136, 8738.
antiaromatic nonalternant hydrocarbons,** e
and fulvalene.” Notably, the annulation of D et

thiophene rings rendered these nonbenzenoid multiple redox propemes Chem. Eur. J. 2021, 27,1638.

Angew. Chem. Int. Ed. 2015, 54, 7636.
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n-electron systems high thermal stability even without bulky substituents, while maintaining
the inherent characteristics of the parent n-systems. This molecular design thereby allowed us
to access thermochromic behavior in near-infrared region based on exciton interactions even
in solution,* as well as the dense packing in the solid state.™ It should be also noted that most
of these ring-fused nonbenzenoid nt-electron systems cannot be synthesized by known methods,

and we explored several new reactions and synthetic strategies for their synthesis.'**°

2. Novel molecular design concepts. A significant challenge lies in translating the diverse
structures and properties of nonbenzenoid n-electron systems into the molecular designs for
groundbreaking materials. In this context, we have recently designed and synthesized the
oligo(biindenylidene)s, m-conjugated hydrocarbons that are composed of flattened one-
dimensional fragments of fullerene Cg. Notably, the oligo(biindenylidene)s exhibit high
electron affinity and the robustness against multi-electron reduction comparable to fullerenes
only based on hydrocarbon scaffolds.® This molecular design is complementary to the
conventional design of electron-accepting mt-electron

hoop-shaped ,

. . . . f t Y

systems, by introducing many electron-withdrawing [ sae At
2

&=

groups into an inherently electron-donating m-
electron system. Given their potential for further
structural diversification, our molecular design
concepts described above would be new
fundamentals in the chemistry of electron acceptors.

In this presentation, [ will also describe some of our ]
> End-capped oligo(biindenylidene)s

recent studies based on this strategy.””’ Robust toward multi-electron reduction
& Intense visible-light absorption
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New Research Playground After MBLA

("Graduate School of Pharmaceutical Sciences, Keio University, 2Institute of
Microbial Chemistry) oNaoya Kumagai'-2

Keywords: quinoline; multidentate; macrocycles; fluorescence; supramolecular
chemistry

MBLA is a perfect opportunity to change the direction of main research field for
young chemists. After ca. 20 years of exploration in asymmetric catalysis, our group
is now motivated to design and synthesize quinoline-based cyclic oligomers to
develop a new family of functional small molecules. The simplest cyclic trimer,
TriQuinoline (TQ), tightly captures proton at the center of the molecule and the
resulting cationic aromatic material renders supramolecular complexation via
n- ©/CH-rt interactions in polar media. Embedding oxygen atoms between quinoline
units allows TQ to acquire a non-flat architecture, and the thus-formed
oxa-TriQuinoline (0-TQ) serves as a bowl-shaped tridentate ligand to Cu(l),
exhibiting catalysis, supramolecular complexation, and aggregation-induced
emission.! Simple incrementation of a quinoline unit gave rise to a saddle-shaped
rigid tetramer, TEtraQuinoline (TEQ), which is regarded as a chiral C>-symmetric
porphyrin-like material.2 A distinct quinoline tetramer with alternative ring
connectivity, iso-TEQ, and an indole and quinoline hybrid molecule, In2Q2, are also
presented. Other unpublished fun molecules are also discussed with their unique
X-ray structures and fucntions.

¢ S
5 &

TriQuinoline oxa-TriQuinoline TEtraQuinoline iso-TEtraQuinoline In2Q2
[TQ] [0-TQ] [TEQ] [ ~TEQ] indole (In) x quinoline (Q)

1) Kobayashi, T.; Kumagai, N. Angew. Chem. Int. Ed. 2023, 62, €202307896.
2) Xu, W.; Nagata, Y.; Kumagai, N. J. Am. Chem. Soc. 2023, 145, 2609.
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Supramolecular Assemblies and Systems Based on Pillar-Shaped
Macrocyclic Compounds “Pillar[n]arenes”

(*Graduate School of Engineering, Kyoto University, *WPI-NanoLSI, Kanazawa University)
OTomoki Ogoshi'?
Keywords: Pillar[n]arenes; Host—guest property; Functionalization; Supramolecules

Pillar[n]arenes have become one of the important key players in supramolecular chemistry.
In this study, organic reactions based on molecular recognition in crystalline pillar[#]arenes
are introduced. First, complexation of linear polymer chains using crystalline state
pillar[n]arenes is discussed. Using the complexation in crystalline state, ring-opening
polymerization of cyclic monomers is also discussed. Second, formation of planar-chiral
inter-locked molecules resulting from supramolecular structures in solid state is discussed.
Complexation of linear polymers using crystalline pillar[S]arenes: Pillar[5]arenes have
a m-clectron-rich space enclosed by m-planes. Consequently, multiple C—H/xt interactions
work with guest molecules with C—H groups. Almost all organic compounds and polymers
contain C—H groups, thus pillar[5]arenes can encapsulate nearly all organic compounds and
polymers with suitable size for their cavity. However, C-H/zn interactions are inherently
weak in normal solvent system. For instance, polyethylene oxide (PEO) has a thickness of
approximately 3.7 A, which fits within the pore size of pillar[5]arene (approximately 4.7 A).
However, pillar[5]arene 1 cannot form complex with PEO in solvent system. In the solvent
system, solvation inhibited the complexation due to the weak nature of C—H/xn interactions.
On the other hand, when polyethylene oxide (PEO) was melted and directly immersed in
crystalline pillar[5]arene 1, crystalline pillar[5]arene 1 took up PEO. In this system, weak
multiple C—H/r interactions work for the complexation due to no solvation. Interestingly,

O —— [ f = 10,000 (b)
efore PEO M, = 1,000 \ Formation of
Immersion +4,000 o Hydrogen  pseudo-polyrotaxanes
~+CHyCH,04 * 6,000 bonds
" +10,000 CHy VT
S, . = A2
PEO Mixture Pillar[5]arene 2 \1/ ‘? ‘ ‘)} r é .
After ¢ staI; Vi ? 3 ‘QJ
Immersion ry £ ;JL “'7}
Selective Uptake of "
High Molecular Weight PEO ~_ pr— o e - o
(m=67) (o) RT ”/\(\’)/\)LO‘} H
5 Ring-opening HO m-5 n
CHy 25 5 75 10 125 - T polymerization Polyester
OEf s Elution Time [min) %
Immersing €
Pillar[5]arene 1 in Liquid
Melted PEO

Figure 1 (a) High mass fractionation by crystalline pillar[5]arene 1. Liquid chromatography traces of an
equal-weight mixture of PEOs (upper) and host—guest complex crystals after the immersion in the mixture
(lower). (b) Ring-opening polymerization of lactones with crystalline pillar[5]arene 2 and formation of
pseudo-polyrotaxanes.
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when PEO containing various molecular weights was immersed, crystalline pillar[5]arene 1
selectively took up high-molecular-weight PEO.D The complexation with linear polymer
can be used for initiation of polymerization. When lactone monomers were directly
immersed in crystalline pillar[S]arene with phenolic groups 2, ring-opening polymerization
occurred (Figure 1b), while the polymerization did not occur with solvent. The results were
obtained because the phenolic hydroxy groups have catalytic activity via hydrogen bonds
and the pillar[S]arene cavities prefer linear guests. After the reaction, pillar[5]arenes 2 and
polyesters formed pseudo-polyrotaxanes.?

Planar-chiral inter-locked molecules from supramolecular structures in solid states:
Pillar[n]arenes exhibit planar chirality i.e., pS and pR forms, due to the position of the
alkoxy groups. Pillar[S]arene with (S)-2-methylbutoxy groups in the side chains 3 (Figure
2) exhibits diastercomeric relationships referred to as (S, pR)-3 and (S, pS)-3, and two
diastereomers can interconvert in solution via the rotation of benzene units (stereodynamic).
As a result, an energy difference is generated between pR and pS forms and the pR/pS ratio
can be changed by inversion between the (S, pR) and (S, pS) forms. However, in our
previous work, pillar[5]arene 3 with high pR/pS ratios could not be generated even in
various solvents. This is because the energy difference between (S, pR)-3 and (S, pS)-3 is
too small in solution to show diastereoselectivity. However, when crystallization of 3 was
conducted in the presence of long axis C16 with amino groups at both ends, a
[3]pseudorotaxane was obtained, where two (S, pS)-3 rings penetrated one axle.
[3]Pseudorotaxanes consisting of either two (S, pS)-3, two (S, pR)-3, or (S, pS)-3 and (S,
PR)-3 wheels are the three possible supramolecular diastereomers. By the co-crystallization,
the [3]pseudorotaxane consisting of two (S, pS)-3 wheels diastercoselectively formed in the
solid state because higher effective molarity worked in the solid state with aid by packing
effects to form the [3]pseudorotaxane, and the [3]pseudorotaxane consisting of two (S,
pS)-3 wheels was most stable among the three [3]pseudorotaxane diastereomers.
Subsequent end-capping reactions of the polycrystalline [3]pseudorotaxane with high de in
solvent-free conditions successfully yielded rotaxanes while maintaining the high de
generated by the co—crystallization 3

Interconversion Not Formed Selectively -
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> = e Stopper
i | %“(Q I(s, ps), (S, pS)

\-\1“

3 \(S, pS), (S, PRY

Co-crystallization Pseudo[3]rotaxane Mechanochemistry
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Figure 2 Selective formation of the [3]pseudorotaxane with two (S, pS)-3 wheels by the co-crystallization and
chiral [3]rotaxane formation by the mechanochemical reaction in the solid state.

1) Nature Commun. 2019, 10, 479. 2) Angew Chem. Int. Ed. 2022, 61, ¢202212874. 3) J. Am. Chem. Soc. 2023,
145, 15324,
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Reactivity Prediction Based on Quantum Chemical Calculations

(‘Institute for Chemical Reaction Design and Discovery (WPI-ICReDD) and Department of
Chemistry, Hokkaido University) OSatoshi Maeda'
Keywords: Quantum Chemistry; Reaction Path; Reaction Design and Discovery

The motion of atoms during a chemical reaction, hereafter referred to as the reaction
path, can in principle be elucidated by repeated quantum chemical calculations in all
energetically feasible atomic configurations. However, the number of possible atomic
arrangements involved in a reaction path can be enormous. Previous studies have therefore
relied on assumptions, i.e., human input, about the atomic configurations along the reaction
path under consideration. To address this problem, we have developed an automated
reaction path search method called artificial force induced reaction (AFIR) [1]. AFIR
automatically explores possible reaction paths by systematically inducing geometric
transformations in a molecule using a virtual force, providing a network of reaction paths.

When AFIR is combined with a chemical kinetics method called rate constant matrix
contraction (RCMC) [2], on-the-fly kinetic simulation can be performed [3]. Both forward
and backward modes are available in on-the-fly kinetic simulations [3]. The forward mode
starts the search from a given reactant and proceeds towards possible products. On the other
hand, the backward mode starts the search from a given product towards possible reactants
that give the product with high yields. Finally, the forward mode predicts all possible
products along with their reaction yields and the backward mode predicts all possible
reactants along with the yields of the input product in reactions from these reactants. In my
talk, I will discuss the forward and backward on-the-fly kinetic simulations [3] shown in
Figure 2 and their applications to real reaction discovery [4].
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Induce a transformation by a virtual force HCHO, 2HCOOH, CH;NC orwa
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Maeda, S.; Morokuma, K. J. Chem. Phys. 2010, 132, 241102_; Recent review: Maeda, S ; Harabuchi, Y. WIREs Comput. Mol. Sci. 2021, 11, 1538
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A reaction path network by AFIR
starting from the target compound  Mita, T.; Harabuchi, Y.; Maeda, S. Chem. Sci. 2020, 11, 75697577

Catalysis

1) S. Maeda, Y. Harabuchi, WIREs Comput. Mol. Sci. 2021, 11, €1538. 2) Y. Sumiya, S. Maeda,
Chem. Lett. 2020, 49, 553. 3) S. Maeda, Y. Harabuchi, H. Hayashi, T. Mita, Annu. Rev. Phys. Chem.
2023, 74, 287. 4) H. Hayashi, S. Maeda, T. Mita, Chem. Sci. 2023, 14, 11601.
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Exploration of New Molecular Catalysis and Reactivity

(Department of Chemistry, Tokyo Institute of Technology) OJun Takaya
Keywords: Bimetallic Complexes; Ambiphilic Compounds; Photoexcitation; Cooperation;

Creation of innovative catalysts and reactive species that enable efficient
transformation of unreactive bonds and molecules has been a formidable challenge in
synthetic chemistry and catalysis science. We have been working on design, synthesis, and
utilization of heterobimetallic transition metal catalysts having metal-metal bonds supported
by precisely designed organic scaffolds, which enable efficient transformation of carbon
dioxide and other organic molecules.! One of successful examples was demonstrated in
hydrosilylation of carbon dioxide, where an Al-Pd bimetallic complex exhibited the highest
catalytic activity ever reported.” We also achieved an unprecedented C—C c-bond cleavage
reaction of ambiphilic phosphine-borane compounds under photoirradiation conditions
enabled by transiently generated excited Frustrated Lewis Pairs.** Furthermore, we have
demonstrated that the new cooperative catalysis merging photochemistry and transition
metal catalysis enables unprecedented C—C o-bond cleavage and functionalization of
arylketones.” In this presentation, recent progresses on these chemistry focusing on
transformation of carbon dioxide and unreactive C—C o-bonds will be discussed.

Efficient transformation of unreactive bonds and molecules
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1) J. Takaya, Chem. Sci. 2021, 12, 1964. 2) J. Takaya, N. Iwasawa, J. Am. Chem.
Soc. 2017, 139, 6074. 3) T. Ito, N. Iwasawa, J. Takaya, Angew. Chem., Int. Ed. 2020, 59, 11913. 4) K.
Kuroki, T. Ito, J. Takaya, Angew. Chem., Int. Ed. 2023, ¢202312980. 5) Y. Fujimaki, N. Iwasawa, J.
Takaya, Chem. Sci. 2023, 14, 1960.
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Disruptive innovations (! Peptide Research Center, Chubu University) oHisashi
Yamamoto!

To solve 30-years problem of Japan, several difficult problems should be solved. The
most important key is to start destructive innovation as soon as possible.
Unfortunately, government and companies in our country have sustainable innovation
but not destructive innovation. Real innovation, that is destructive innovation can
revive Japan. [ would like to discuss how to introduce destruction innovation during
my presentation.

Keywords : Destructive Innovation, Sustainable Innovation.
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