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[F]2205-2pm-01 The 105th CSJ Annual Meeting

Structural Determination of Polycyclic Ether Vvia
Conformational Fixing in a Cage

(‘Graduate School of Engineering, The University of Tokyo, *Division of Advanced Molecular
Science, Institute for Molecular Science, *UTIAS, The University of Tokyo)

OYikuan Yu, ' Wei He,' Kenta lizuka, ' Hiroki Takezawa,' Makoto Fujita **

Keywords: Host-Guest, Molecular Recognition, Polycyclic Ether, Molecular Structure

The structural study of five-membered rings is of great significance, as these structures
are commonly found in key compounds of chemical and biological research. However, five-
membered rings possess many conformations, making it nearly impossible to reliably depict
these structures. In this work, we employed two coordination cages to encapsulate polycyclic
ethers with five-membered rings to form host-guest complexes for crystallographic studies.
The host-guest interaction leads to the stabilization of specific conformations of the five-
membered rings, allowing for the clear structural determination of highly flexible molecules
containing multiple five-membered rings.

An octahedral M¢L4 cage was utilized to encapsulate the cyclic diether series and was
crystallized by adding organic polysulfonates as crystallizing agents. The stereostructures were
obtained through single crystal X-ray diffraction. Compared with the structural results based
on the crystalline sponge method, in which guest molecules pack loosely, the MgL4 cage
showed an improved electron density of guest molecules, which could be due to the
conformational fixing inside the cage. An enlarged MoLs cage was used to encapsulate
polycyclic ether salinomycin, and conformational fixing on this natural polycyclic ether
compound shows the potential of absolute structural determination of large, flexible molecules

using the MyLe cage.
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Fig. 1. Crystal structures of a cyclic diether measured through encapsulation in a crystalline

sponge and MgL4 cage.
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Host-Guest Chemistry in a Capillary

(‘Graduate School of Engineering, The University of Tokyo, *Division of Advanced Molecular
Science, Institute for Molecular Science, *UTIAS, The University of Tokyo)

OWei He,' Hiroki Takezawa,' Makoto Fujita **

Keywords: Host-Guest, Molecular Recognition, Natural Product, Molecular Structure

A glass capillary is the simplest form of microfluidic device. Injection and ejection of liquids
can be easily performed by the capillary effect without using any precise microfluidic devices
such as micropumps and microvalves. In this study, we utilize commercially available
capillaries, typically used for thin-layer chromatography (TLC), to explore micro-scale host-
guest chemistry. A protocoled method was developed for the preparation, crystallization, and
X-ray analysis of host-guest complexes within a capillary tube. Notably, the crystal structure
of the host-guest complex is clearly observed using a trace amount of the guest molecule. Thus,
we successfully determined the structures of various natural products and synthetic molecules
that were previously unattainable with conventional methods.

(a) (b)

Crystallization
in Capillary

Fig.1. (a) The tertiary mixture of a cage host 1, a guest molecule 2, and a crystallizer; (b) Single crystals
obtained from a minute amount of the mixture in a glass capillary tube; (c) Crystal structure of the host-
guest complex 1-2 from X-ray analysis.

1) Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen, M.
Fujita, Nature. 2013, 496, 461.2) W. He, Y. Yu, K. lizuka, H. Takezawa, M. Fujita, Nat. Chem. 2025, in

press.
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Precise outer functionalization of an MeoLso metal—peptide cage based on the positions
of modified side chains

(*Lab. for Chem. & Life Sci., Science Tokyo, 2JST PRESTO) (ONao Sagara,' Michito
Yoshizawa,' Tomohisa Sawada'?

Folding and assembly of Cu* ions (M) and pentapeptide ligands (L) afford a giant
MsoLeo metal—peptide cage (submitted). We have already reported the outer surface
modification of the cage by using ligand 1 with a DEG group on R' (The 104th CSJ
Annual Meeting F1231-1am-04). Here, we report the modification of R? on the middle
Pro residue. While the complexation of ligand 2 (R' = H, R? = DEG) with Cu* ions did
not proceed, successful cage formation was confirmed when mixing 2 with 1.
Furthermore, ligand 3 (R' = R>= DEG) also formed the cage by mixing with 1, which
revealed 80 DEG groups accumulation on the cage became possible.

Keywords: self-assembly, folding, peptide, coordination cage, chemical modification
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Synthesis of pyridinium-containing chimeric cyclic peptides and their molecular
recognition behaviors ('Lab. for Chem. & Life Sci., Science Tokyo, 2JST-PRESTO) O
Yosuke Shimmura," Takeshi Funakura,!' Hirotake Teruoka,! Michito Yoshizawa,’
Tomohisa Sawada'-2

In this study, we created new chimeric cyclic peptides of pyridinium-introduced
backbones, having both high water-solubility and guest binding properties. The
synthesis was efficiently carried out by solid phase peptide synthesis using a
pyridinium-containing Fmoc-unit and followed by cyclization under a dilute condition.
For example, cyclic peptide 1, consisting of nine alanine residues and three pyridinium
groups, was synthesized (Fig. a) and characterized by NMR and MS analyses (Fig. b).
1 showed good solubility in water (> 100 mM) as well as binding property for adenosine
triphosphate (ATP) in water, which was revealed by upfield shifts of the nucleobase
signals in the '"H NMR measurement (Fig. c,d).

Keywords : Pyridinium; Cyclic peptide; Nucleotide; Molecular recognition
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Design and Synthesis of Quinoline/Quinazoline Cyclic Trimers

(‘Graduate School of Pharmaceutical Science, Keio University, *Institute of Microbial
Chemistry)

OTakuya Sakurai,' Ryosuke Tsutsumi,' Naoya Kumagai'~

TriQuinoline (TQ) is a cyclic quasi-planar quinoline (Q) trimer, whose Q units are
concatenated at the 2- and 8- positions in a head-to-tail manner. The central atomic-sized cavity
endows TQ with outstanding proton affinity, thereby exhibiting a supramolecular complexation
via m-t or CH-m interactions. However, the complete planarity of TQ is compromised due to
steric repulsions between hydrogens at the C-3/7 position of quinolines. Herein, we report the
design and synthesis of more planar molecular entities by sequentially replacing Q units of TQ
with quinazoline (Qz) units. An associative hydrogen bonding interaction would result in the
more planar molecular architecture. X-ray crystallographic analyses and NMR experiments on
Q2Qz1 (Q x2/Qz x 1) and Q1Qz2 (Q x 1/Qz x 2) revealed that increasing the number of Qz
units enhances planarity but reduces proton affinity. Moreover, these cyclic Q/Qz trimers
formed supramolecular complexes with coronene and [12]CPP by n-t and CH-r interactions
respectively. A comparable study of TQz (Qz x 3) will be also discussed.

Keywords : Quinoline; Quinazoline, Supramolecular entities, Planar molecules, Superbase
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1) S. Adachi, M. Shibasaki, and N. Kumagai, Nat. Commun. 2019, 10, 3820.

High proton affinity H-H steric repulsion N-H associative hydrogen bonds
H (23 ppm in "H NMR)

more plana

n-n

Water miscibility

DNA intercalation

TriQuinoline (TQ)
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Design and Synthesis of Quinoline-Based Oligoamide Foldamers
(‘Graduate School of Pharmaceutical Sciences, Keio University, *Institute of Microbial

Chemistry) o Ayami Takeda,' Wei Xu,' Naoya Kumagai'~

Quinolinyl oligoamide foldamers exhibit unique three-dimensional architectures, attributed to
their structural similarity to the secondary structure of proteins.' In 2023, we designed and
synthesized TEtraQuinoline (TEQ) via a ring reinforcement reaction from a quinoline-based
cyclic diamide.” Based on the synthesis of TEQ, we developed both cyclic and acyclic amide
oligomers, comprising Anilide (A) and Quinoline (Q) units. For cyclic oligoamides A(n)Q(n)
(n = 2-6), their characteristic conformations are stabilized by the intramolecular hydrogen-
bonding and n-m interactions, resulting in folded and unfolded structures. Notably, the cyclic
hexaamide A6Q6 displayed a solvent- and temperature-dependent conformational equilibrium
in solution, highlighting its potential applicability in dynamic host-guest chemistry. Acyclic
oligoamides NH>-A(m)Q(m)-COOH (m = 3-6) were also synthesized, and their helical
structures were confirmed. Optical resolution was attempted to pursue further exploration of
these unique helical architectures.

Keywords: Quinoline, Macrocyclic compounds, Heterocyclic compounds
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1) H. Jiang, J. Leger, I, Huc, J. Am. Chem. Soc, 2003, 125, 3448
2) W. Xu, Y. Nagata, N. Kumagai, J. Am. Chem. Soc, 2023, 145, 2609-2618.
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Synthesis of Novel Honeycomb-shaped Macrocyclic Quinoline Oligomers (' Graduate School
of Pharmaceutical Sciences, Keio University, *Institute of Microbial Chemistry) O Shogo
Tashiro,' Wei Xu,! Naoya Kumagai':?

Our research group has synthesized 2,8-linked macrocyclic quinoline oligomers that exhibit
unique and distinctive physicochemical properties. Among these, the quasi-planar trimer
TriQuinoline (TQ) ' and the saddle-shaped tetramer TEtraQuinoline (TEQ) > demonstrated
notable characteristics, including a pronounced affinity for protons or metal cations. To further
expand the structural versatility of quinoline oligomers, we designed and synthesized a novel
honeycomb-shaped molecular framework, HexaQuinoline (HQ). This new molecular entity
features an expanded central cavity with an average diagonal nitrogen-nitrogen distance of 7.6
A, providing potential for the encapsulation of organic molecules. As a structural analog of HQ,
BzQ2Q4 (BzQ: BenzoQuinoline), was synthesized by the intramolecular quinoline skeleton
formation from a cyclic diamide precursor. The resulting BzQ2Q4 structure is anticipated to
manifest a T-wall cage framework capable of hosting small molecules within its cavity through
n-n/CH-7 interaction.

Keywords : Quinoline, Macrocyclic compound, Heterocyclic compound
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1. S. Adachi, M. Shibasaki, N. Kumagai. Nat. Commun. 2019, 10, 3820.
2. W. Xu, Y. Nagata, N. Kumagai. J. Am. Chem. Soc. 2023, 145, 2609.
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Synthetic and chiroptical studies on a pyrene tetramer with D, symmetry ('Graduate School of
Science,, Tokyo Metropolitan University, *Graduate School of Science, Kitasato University,
3Graduate School of Science, Osaka University) OHagino Washimi,' Daiki Tauchi,”> Masashi
Hasegawa,” Ken-ichi Yamashita,® and Ken-ichi Sugiura!

Circularly polarized luminescence (CPL) has been attracting significant attention from both
basic and applied scientific perspectives. A chiral structure is a critical requirement for a CPL
chromophore, as the circularly polarized luminescence asymmetry factor (g-value) is defined by
an equation involving the electronic and magnetic transition moments (# and m) and the cosine
of the angle between them (6). In molecules with D: point group symmetry, # and m are aligned
in the same direction, resulting in cos # = 1. Following this strategy, we designed molecule 1,
which aligns four pyrene units in a D:-symmetric arrangement. The title compound was
synthesized from a pyrene dimer 2 prepared according to standard procedures. Optical
resolution was achieved using HPLC equipped with a chiral column. Furthermore, we
introduced substituents (3) with the aim of enhancing chiroptical properties. In this presentation,
we will introduce and discuss the molecular design, synthesis, and chiroptical properties of 2 and
3.

Keywords : D, symmetry, pyrene; circularly polarized light dissymmetry factor, electric transition
moment, magnetic transition moment
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Synthetic and Chiroptical Studies of 1,1’-Bianthracenol (! Graduate School of Science, Tokyo
Metropolitan University, *Graduate School of Science, Kitasato University) O Kyuta
Akanuma,' Daiki Tauchi,”? Masashi Hasegawa,? Ken-ichi Sugiura'

Axially chiral biaryls have attracted significant attention due to their unique properties
arising from chirality. BINOL (1) is a widely used molecule because of its easy availability.
However, its low quantum yield prevented progress in this research field. To achieve more
refined properties, the naphthalene moiety in 1 was replaced with anthracene, resulting in
bianthracenol (2). The title compound (2) was synthesized via the oxidative coupling of 3 with
Mnl,, according to the Takahashi’s method. Given the relatively unstable nature of 2, the
hydroxyl groups were protected as ethers. Chemical modifications of the anthracene nucleus
were achieved through bromination followed by subsequent functionalization. In this
presentation, details of the synthesis and conventional photophysical properties will be
discussed, along with the chiroptical properties such as CD and CPL.

Keywords : Anthracene; BINOL; Quantum Yield; Chiroptical Property, Dihedral Angle
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1) L. S. Ioffe and L. S. Efros, Trudy LKKhTI, Lab. Krasyashchikh Veshchestv, 1939, 142-56.

© The Chemical Society of Japan - [F12205-2pm-09 -



[F]12205-2pm-10 BA{L24 B10555E2 (2025)

510,15- F U ZILXILIE FIL X B SEEE E AT AEE S
[CHETAT7ILTILEROHR

(BRI - BeRBE L %) O JERE ' - A&l 3C5% 2 - efn iRl

Effects of Alkyl Chains Branching from C; Chiral Truxenes on Circularly Polarized
Luminescence and Crystal Structures (' Faculty of Engineering, Osaka University, *Department
of Applied Chemistry, Graduate School of Engineering, Osaka University) OYuhi Nakahara,'
Fumitaka Ishiwari,> Akinori Saeki,’

The syn-5,10,15-trisubstituted truxenes are an interesting class of molecules with chirality
and bifacial structures. In the previous work, we have synthesized and enantiomerically
resolved the (3 chiral truxenes with benzylic substituents and revealed their excellent
chiroptical properties. These truxenes exhibited high asymmetric factors (g values) in both
circular dichroism (CD) and circularly polarized luminescence (CPL) and formed stacking
dimers between enantiomeric pairs in their crystal structures. In this study, we synthesized and
enantiomerically resolved several syn-5,10,15-trialkylated truxenes and investigated the effects
of alkyl chain lengths on chiroptical properties and crystal structures.

Keywords : Truxene, Chirality, Bifacial, Circularly Polarized Luminescence, Crystal Structure
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[1] T. Omine, F. Ishiwari et al., ChemRxiv, 2024, Preprint, DOI: 10.26434/chemrxiv-2024-m8drx.

© The Chemical Society of Japan - [F12205-2pm-10 -


https://chemrxiv.org/engage/chemrxiv/article-details/660533ebe9ebbb4db9c16064

[F]2205-2pm-11 BAl24 H1055FE4 (2025)

TUR)R—BECILIEEBEEMARK)FA T DEREED
BREICHTIESE

(G K52 | - PR 2 -« 42K WPLITOM?) OiA Bh ' - iR Fpk ' - Kt —F2 - f
B UK T

Synthesis of dendrimer-supported bare polythiophenes and its solubility (' Graduate School of
Science, Nagoya University, *Cluster for Pioneering Research, RIKEN, ‘Institute of
Transformative Bio-Molecules (WPI-ITbM), Nagoya University) O Tomoya Nakagomi,'
Shusei Fujiki,' Kazuma Amaike,” Kenichiro Itami,* Akiko Yagi'~

Pristine polythiophenes are materials with excellent physical properties, which are expected
to have a wide range of applications. In order to accelerate their applications, it is necessary to
select appropriate solvents for the purpose and to synthesize pristine polythiophenes exhibiting
high solubility in various solvents. In 2022, our group developed a method for elongating
aromatic polymers with a dendrimer support'’. This dendrimer unit allows pristine aromatic
polymers to dissolve in various solvents without aggregation.

In this study, we analyzed the mechanism for dissolution of dendrimer-supported
polythiophenes. In addition, we synthesized dendrimers with various peripheral structures to
improve the solubility and discussed the structural factors responsible for the high solubility of
dendrimer-supported polythiophene.

Keywords : Solubility; Polythiophene, Dendrimer, Synthesis
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[1] S. Fujiki, K. Amaike, A. Yagi, K. Itami, Nat. Commun. 2022, 13, 5358.
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Efficient Syntheses and Reactivity Studies of Macrocycles with Reactive Silyl Ether Moieties
(Grad. Sch. Sci. Tech., Kyoto Inst. Tech.) OSota Amano, Takahiro Iwamoto, Kensuke Naka

Our group recently developed a highly efficient synthetic method for macrocyclic
compounds containing silyl ether moieties through multiple Si—O bond formations. Building
upon this method, we here examined synthesis of macrocycles incorporating reactive
silacyclobutane units and furthermore investigated interconnection of these macrocycles by
utilizing a reaction of the silacyclobutane units.

Following our previously developed synthetic approach, we successfully synthesized the
desired macrocycles containing four silacyclobutane units from a commercially available
dichlorosilacyclobutane precursor and diols. The subsequent polymer network formation was
explored through the intermolecular linkage of these macrocycles via a thermal ring-opening
reaction of the silacyclobutane units.

Keywords : Macrocycle, Silyl ether, Silacyclobutane
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(1) Chen, W.; Chen, P.; Zhang, G.; Xing, G.; Feng, Y.; Yang, Y.-W.; Chen, L. Chem. Soc. Rev., 2021, 50,
11684-11714.
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Aggregate formation of a Ni(II) norcorrole complex with carboxylic acid moieties (' Graduate
School of Engineering, Nagoya University, *Institute for Advanced Research, Nagoya

University, *Graduate School of Science, Nagoya University) O Koshiro Isono', Hideaki
Takano'?, Soichiro Ogi®, Shigehiro Yamaguchi®, Hiroshi Shinokubo'

Norcorrole is a ring-contracted porphyrinoid that shows distinct antiaromaticity. Norcorrole
often adopts an extremely close stacking structure with about 3.0 A of the interplanar distance
to exhibit stacked-ring aromaticity. We have reported the formation of supramolecular
polymers from Ni(II) norcorrole with amide groups. However, hydrogen bonds between amide
groups prevented the formation of multilayered stacking assemblies. We then attempted to
construct a close and infinite stacking assembly of norcorroles driven by hydrophobic
interactions. In this presentation, we report the observation of 2D sheet-like aggregates of a
norcorrole with carboxyphenyl groups by transmission electron microscopy (TEM). The film
thickness was estimated to be ca. 40 nm using atomic force microscopy (AFM).

Keywords : Antiaromatic compounds, Norcorrole,; Stacked-ring aromaticity
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1) Angew. Chem. Int. Ed. 2022, 61, 202114230
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Theoretical study on the structures and electronic states of n-stacked assemblies of antiaromatic
molecules in the electron redox state (' School of Engineering Science, Osaka University,
2QIQB, Osaka University, *ICS-OTRI, Osaka University, “OTRI-Spin, Osaka University,
>Graduate School of Engineering Science, Osaka University) OKousei Nishino® , Ryohei
Kishi'?? | Ryota Sugimori' , Shohei Kawakami® , Kohei Tada' , Yasutaka Kitagawa'***

Antiaromatic molecules, which are typically 4nn-electron systems, become 4n+2n-electron
systems by two-electron redox, and their structures and properties change drastically. On the
other hand, it has recently been reported that the closely n-stacked assemblies of antiaromatic
molecules tend to exhibit properties similar to those of aromatic systems. In this study, we
discuss how the structure and electronic state of such m-stacked assemblies of antiaromatic
molecules are changed by the two-electron redox by using quantum chemical calculations.
Keywords : Stacked-ring aromaticity, Antiaromatic molecules, Quantum chemical calculation,
Electron redox states
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1) Kino, S.; Ukai, S.; Fukui, N.; Haruki, R.; Kumai, R.; Wang, Q.; Horike, S.; Phung, Q. M.; Sundholm,

D.; Shinokubo, H. J. Am. Chem. Soc. 2024, 146, 9311-9317.
2) Sugimori, R.; Okada, K.; Kishi, R.; Kitagawa, Y. Chem. Sci. 2025, DOI: 10.1039/D4SC07123A.
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Synthetic Study of Torrubiellutin C Aimed at FElucidating its True Chemical Structure
(‘Graduate School of Engineering, Kogakuin University, *Graduate School of Pharmaceutical,
Meiji Pharmaceutical University) OMakoto Nomura,! Dai Shimizu,! Kazuhiko Takatori,?
Shinji Nagumo,'

Torrubiellutin C was isolated from 7orrubiella luteorostrata BCC 12904 and has anti-tumor
activities against KB, MCF-7, NCI-H187, Vero cells. We have synthesized stereoselectively
compound (1), which was previously proposed as a structure of torrubiellutin C, but the NMR
spectral data disagreed with those of torrubiellutin C. Subsequently, the substance 8 emerged
as a candidate for the true structure with the aid of computational chemistry. In order to verify
its authenticity, we engaged in the synthesis of 8 with checking the structures of the respective
intermediates.

Keywords : Torrubiellutin C, Synthetic study, Structural certification, Sy2’ reaction
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LiEMot=,.2 1 OEZEENDLEOMNIZEIL. DFT SHEIZEDEE of Torrubiellutin C (1)
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2) S. Murokawa, Y. Suzuki, E. Yasui, S. Nagumo, Tetrahedron Lett., 2023, 114, 15425.
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