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An Anthracene Crystal for Its Giant Thermal Expansion (' Graduate School of Engineering,

Kochi University of Technology, *School of Engineering Science, Kochi University of

Technology, *Graduate School of Integrated Science and Technology, Shizuoka University,

*Faculty of Science, Shizuoka University) OYuto Hino,' Takumi Matsuo,” Daiki Korenaga,’

Tomohiro Seki,* Shotaro Hayashi?

The design for thermal expansion in a molecular crystal has attracted much interest in the
sensors and actuators because the molecular motion in the solid state plays an important role
in understanding the physical properties changes in solid materials". Here, we designed and
synthesized structurally rod-like anthracene molecules bearing phenyl group with a bulky tert-
butyl substituent on the 2 and 6 positions. Interestingly, in a crystal structure, array order and
disorder coexist was obtained by the stator moiety derived from the anthracene, phenyl groups,
and the rotor moiety from the tert-butyl group. This molecular structure allowed giant thermal
expansion and reversible stretching behavior. In this presentation, we report the detailed crystal
structure and its thermal expansion observation.

Keywords : Anthracene; Molecular Rotor; Thermal Expansion; Reversible; Single-Crystal-to-
Single-Crystal Phase Transition
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1) (a) M. K. Panda, T. Runcevski, S. C. Sahoo, A. A. Belik, N. K. Nath, R. E. Dinnebier, P. Naumov,
Nat. Commun. 2014, 5, 4811. (b) K. Kato, T. Seki, H. Ito, Inorg. Chem. 2021, 60, 10849-10856.
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Design and Composition Control of Flexible Anthracene Molecular Mixed Crystals :
Realization of Low-Loss Optical Waveguides Based on FRET ('Graduate School of
Engineering, Kochi University of Technologe, *School of Engineering Science, Kochi
University of Technology) OKoki Ikeda,' Takumi Matsuo,” Shotaro Hayashi®

Molecular crystals composed of a pitched n-stack structure show elastic bending flexibility.
Fluorescent elastic molecular crystals are attracted in the application of flexible optical
waveguides. However, an increased optical loss (o) because of self-absorption makes it difficult
to give efficient flexible optical waveguides. Herein, we have successfully demonstrated the
development of flexible and low-loss optical waveguides based on an energy transfer approach
by creating flexible mixed crystals. The mixed crystals exhibited elastic deformation and highly
efficient optical waveguide characteristics. In this presentation, we will also discuss other
mixed crystals based on anthracene derivatives as a guest molecule.

Keywords : ; Organic Miexed Crystals, Forster Resonance Energy Transfer, Optical
Waveguide, Anthracene, Elastic
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Figure 1. a) Molecular structure of DBA and DFA. b) Mechanical deformation of DBA
crystal and MC1, scale bar 1 mm. c¢) Plot of a estimated for each doping ratio of DFA.
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Fluorinated n-Conjugated Molecular Crystals: Detailed Investigation of Their Photophysical
and Mechanical Properties. (' Graduate School of Engineering, Kochi University of Technology,
2Schoool of Science and Engineering, Kochi University of Technology) O Keigo Yano,'
Takumi Matsuo,” Shotaro Hayashi?

Molecular crystals with flexibilities and narrow bandgap are potential materials to
create flexible organic devices. We have previously developed that the repulsion-rich
n-1 stacking structure in crystals contributes to the elastic deformation. However, in
general n-conjugated molecules forms CH-rx interaction, thus; we need the molecular
design toward n-7 stacking. We report herein a new elastic molecular crystal of a DA—
type fluorinated n-conjugated molecules, BTFT. The crystals were prepared by vapor
diffusion process. The obtained crystals which formed a pitched n-stack structure in
the crystal showed yellow-luminescence and elastic deformation.

Keywords : Elastic Deformation, Fluorinated n—conjugated Molecules, DA-Type Structure,
Benzothiadiazole, Charge Transfer Interaction
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Figure 1. a) Crystal structure and b) elastic deformation of BTFT crystal.
1) S. Hayashi, A. Asano, N. Kamiya, Y. Yokomori, T. Maeda, T. Koizumi, Sci. Rep. 2017, 7, 9453.
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Synthesis of Bowl-Shaped Molecules for Studies of Stacked
Gigantic -Systems

(‘Department of Chemistry, The University of Tokyo) O Yuzuka Onaka,' Koki Ikemoto,'
Hiroyuki Isobe'
Keywords: Bowl-Shaped Molecule; Nanocarbon; Stacking; Stoichiometry Inference

Bowl-shaped molecules are interesting synthetic targets that can serve as hosts for
supramolecular complexes. In this work, a gigantic bowl-shaped molecule, phenine
tridehydrosumanene (1), was designed and synthesized by devising a 12-step route from a
dibromobenzene derivative. Thus, a pentagonal unit 3 was synthesized from 2 in 8 steps and
was subjected to macrocyclization with Yamamoto coupling. Trimerization proceeded to afford
4 in 64% yield. The macrocycle (4) was then furnished with iodine handles, which was closed
by Yamamoto coupling to afford 1 in 18% yield. The gigantic bowl-shaped structure of 1 was
found suitable to accommodate C7, and the host-guest complexation was studied by NMR and
ITC experiments. The host-guest system was driven by van der Waals interactions, which
provided an interesting case for the stoichiometry inference studies. We introduced a novel
measure to elucidate the stoichiometry for this study and found that the 1:1 complex was
formed in solution. The structure of the 1:1 complex was unequivocally revealed by X-ray
crystallographic analysis of a single crystal.
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Kinetically controlled self-assembly of metastable Pd(II) ring complexes ( Graduate School of
Arts and Sciences, The University of Tokyo) (ONaoki Sanada, Tsukasa Abe, Keisuke Takeuchi,
Shuichi Hiraoka

Generally, coordination self-assembly proceeds under thermodynamic control due to reversible
coordination bonds. We have recently developed a method for the formation of all six types of
metastable heteroleptic Pd,Ls cages under kinetic control”. In this research, we employed this
method to prepare metastable triangular complexes (trans-[PdsL:Xs]®") from trans-PdCl X,
(X: leaving ligand) and ditopic ligand (L) with a 60° bite angle. The addition of one equivalent
of L in a solution of trans-[Pd;L;Xs]®" selectively afforded a metastable trans-[Pd;LsX4]®".
Keywords : coordination self-assembly, kinetic control; ring complex, supramolecule;
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1) T. Abe, N. Sanada, K. Takeuchi, A. Okazawa, S. Hiraoka J. Am. Chem. Soc. 2023, 145, 28061—
28074.
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Preparation of Supramolecular Structures from 6-O-Modified a-CD and Their Selective
Extraction Ability for Fatty Acid Esters ('Graduate School of Engineering, Osaka University)
OHaruya Ishida', Justine M. Kalaw', Momoka Miyasaka', Hajime Shigemitsu', Toshiyuki
Kida'

Cyclodextrins (CDs) are known to encapsulate appropriate guests in their internal
cavity, and adopt three types of assembly modes in the crystalline states: cage, channel,
and layer types. By selectively preparing CD assemblies with regulated molecular
arrangement, it is expected to precisely control the guest inclusion ability and create
supramolecular structures with various morphologies. In this study, we examined the
morphology of supramolecular structures formed from 6-O-modified a-CDs and the
assembly modes of the CD molecules that compose them. We also examined the ability
of these supramolecular assemblies to selectively extract cis- and trans-fatty acid esters
in acetonitrile.

Keywords : cyclodextrin, methylation, self-assembly, supramolecular structure, head-to-head
arrangement
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Figure 1. SEM images of supramolecular structures formed by (A) 6-Me-a-CD and (B) 2-Me-a-CD in a mixture
of methanol and cyclohexane.

1) Kalaw, J. M.; Kitagawa, M.; Shigemitsu, H.; Kida, T. Langmuir 2022, 38, 5149.

© The Chemical Society of Japan -E1123-2pm-06 -



E1123-2pm-07 The 104th CSJ Annual Meeting

A Friedel-Crafts acylation way towards multi-bridge-functionalized
large pillar[n]arenes

(!Graduate School of Engineering, Kyoto University, “WPI Nano Life Science Institute,
Kanazawa University.) OTanhao Shi', Shunsuke Ohtani', Kenichi Kato' and Tomoki
Ogoshi'?

Keywords: Supramolecular chemistry;  Friedel-Crafts reaction;  Pillar[n]arenes;
Macrocycles

Using FC alkylation, many macrocycles have been constructed, including calix[#n]arenes,
resorcin[n]arenes, calix[n]pyrroles, cyclotriveratrylene, and pillar[n]arenes. These
macrocycles all possess their own unique supramolecular properties. But there are
limitations from the reversible alkylation strategy. For example, selective synthesis of larger
pillar[n]arenes (n > 7), which are not thermodynamical stable under alkylation conditions,
has always been a challenging task. Moreover, inert methylene bridges are introduced from
the alkylation process, and the multi-functionalization of bridges have never been truly
tackled.

Herein, irreversible Friedel-Crafts acylation is used to prepare pillar[n]arenes. Via
acylation, connecting precursors bearing carboxyl acids and electron-rich arene rings results
in size-exclusive formation of pillar[r]arenes, in which the sizes are determined by the
precursor lengths. Moreover, methylene bridges have been installed with multiple carbonyl
groups, which can be easily converted to other subunits to afford bridge-functionalized
pillar[n]arenes. As many useful macrocyclic hosts are prepared from FC alkylation, we
anticipate that our FC acylation strategy can also be applied in creating those host molecules,
along with more delicate structures and sophisticated properties.
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