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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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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
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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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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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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
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M. J. Am. Chem. Soc. 2017, 139, 8661-8666.
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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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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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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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Poly(ethyl acrylate)(PEA) =& A i P 22 455 A4
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e s LESR T L L8 o
ANEY AT LU LN L,
FENNF I ab—Ta VKB T AGT
& CD EMLOSHRTERES) & & Ty
DELEHEITB VTR A
7o L EXY CD ELOTRESEATEL & &
THRHPEIC LD ARV T REBLLT,
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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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Fig. 2. (a) Photograph and schematic side
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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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