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Analysis of Crystalline-State Chemiluminescence Reactions of Adamantylideneadamantane
1,2-Dioxetane (Adox) Derivatives with Tuned Intermolecular Interactions (Graduate School
of Informatics and Engineering, The University of Electro-Communications, *Coordinated
Center for UEC Research Facilities, The University of Electro-Communications, *Faculty of

Medicine, Jichi Medical University) ONeo Ueda', Chihiro Matsuhashi?, Ayana Sato®, Shojiro
Maki!, Takashi Hirano'

Our goal is to develop a kinetic theory for chemical reactions in the crystalline state using
chemiluminescence (CL). To overcome a weakness of adamantylideneadamantane 1,2-
dioxetane (Adox) crystals for crystalline-state CL study, we have synthesized Adox derivatives
with side chains for enhancing intermolecular interactions in crystals. We have analyzed CL
reactions and changes in the crystal structures under heating conditions to understand reaction
mechanisms. Based on the results, we will discuss the effect of crystal structure on reactivity,
and the unique features of reaction kinetics in the crystalline state.

Keywords : Reaction kinetics, Soft crystals, Chemiluminescence, 1,2-Dioxetane
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1) T. Hirano, C. Matsuhashi, J. Photochem. Photobiol. C, 51, 100483 (2022).
2) C. Matsuhashi, H. Fujisawa, M. Ryu, T. Tsujii, J. Morikawa, H. Oyama, H. Uekusa, S. Maki,
T. Hirano, Bull. Chem. Soc. Jpn., 95, 413-420 (2022).
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Polymorphs of N,N'-dipropylquinacridone (!College of Engineering Science, Yokohama
National University, *Graduate School of Environment and Information Science, Yokohama
National University) O Yukiko Udo!, Yugo Suzuki?, Saori Gontani?, Shinya Matsumoto?

Alkylation of dye chromophore is known to result in the occurrence of polymorphism in
addition to the improvement of solubility."? Quinacridone is used as organic pigments as
well as a functional dye. Quinacridone and its N-butylated derivative® were reported to have
some polymorphs. In this study, we synthesized a quinacridone derivative with propyl groups
introduced into its two amino groups (Fig 1(a)). A red polymorph of the present derivative
(QA3R) was obtained from an evaporation method, and its orange polymorph (QA30) from a
diffusion method. Deep-red hydrated crystals were also obtained from the same
crystallization samples where each polymorphs appeared. QA30 and QA3R had similar 2D
layer structures (Fig. 1(b),(c)), but the stacking motif of the 2D layers was different. In
QA3R, the molecules stack with alternate slipping along the long molecular axis, while in
QA30, the molecules stack in a staircase fashion. The hydrated crystal was found to have a
different packing arrangement characterized by a brickwork structure (Fig 1(d)).

Keywords : Quinacridone; Organic pigment; Functional dye; Crystal Polymorph,; Hydrated
crystal
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1) H.-S. So, S. Matsumoto, Acta Cryst. 2019. B75, 414-422.
2) W. Jozuka, S. Matsumoto, Acta Cryst. 2024. C80, 123-128. ; y
3) Y. Fan, Y. Zhao, L. Ye, B. Li, G. Yang, Y. Wang, Crys. Fig. 1 (a) Chemical structure of N,N"-dipropylquinacridone,
Growth Des. 2009, 9, 3, 1421-1430.

2D molecular layer of (b)QA3R, (c) QA30, and (d) Hydrate.
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Development of crystalline molecular gearbox frameworks via structure modulation on the
gear-shaped molecules

Recently, we have found that crystallization of a rotor-type molecule with a molecular unit
with C3—symmetry and a triptycene moiety leads to the construction of crystalline molecular
gearbox structures with head—to—tailed arrangements through CH-x interactions. In this study,
we have developed a variety of crystalline molecular gearbox structures by introducing
multiple molecular gear units into a single molecule in various forms. Furthermore, we have
explored the incorporation of molecular frameworks capable of CH-m interactions with
triptycene moieties into the C3—symmetric molecular unit, aiming to discover new crystalline
molecular gearbox structures. In this presentation, we describe the correlation between these
molecular structures and the gearbox structures within the crystals, as well as the expected
novel functionalities.

Keywords : Organic metal complex; Molecular crystal; Crystalline molecular gear
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1)Liepuoniute, L. et al. Chem Sci. 2020 11 12994
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Crystal structure and electron-transport properties of n-type organic semiconductors bearing
side chain substituents with different terminal groups: phenyl versus cyclohexyl groups
(!School of Materials and Chemical Technology, Institute of Science Tokyo, *Graduate School
of Frontier Sciences, The University of Tokyo, *Graduate School of Engineering, The University
of Tokyo, *School of Frontier Engineering, Kitasato University, >KISTEC, *JST-CREST) O
Shohei Kumagai,' Takeru Koguma,” Yutaro Arai,> Go Watanabe,*>¢ Jun Takeya,>*¢ Toshihiro
Okamoto'®

In a phenethyl-substituted n-type organic semiconductor, PhC,—BQQDI, the high electron
mobility is attributed to two major factors: the brickwork packing structure capable of two-
dimensional charge transport and the terminal phenyl ring whose intermolecular C—H--%
interactions suppress molecular thermal motions. In this work, a cyclohexyl-terminated
analogue, ChxC,—BQQDI, was synthesized to get deeper insights into the contribution of
C—H:---x interactions. Whereas both PhC,—BQQDI and ChxC,—BQQDI demonstrate analogous
crystal structures despite the presence and absence of the C—H---w interaction, the single crystal
field-effect transistors based on ChxC,—BQQDI show lower charge transport properties, which
was attributed to more remarkable molecular motions due to a lack of the C—H--'x interaction
by means of molecular dynamics simulation. Therefore, the significance of inter-substituent
interactions for charge transport is underlined.

Keywords : Organic Semiconductor, Single Crystal; Field-Effect Transistor; Molecular

Dynamics
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1) T. Okamoto et al., Sci. Adv., 2020, 6, eaaz0632. 2) S. Kumagai et al., Mol. Syst. Des. Eng., 2024, 10,
32.
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Molecular Orientation Control in Disubstituted Asymmetric Organic Semiconductor Materials
Using Halogen—Halogen Interaction ('Graduate School of Organic Materials Science
Yamagata University, >Graduate School of Science and Engineering Yamagata University)
(OKakeru Hasumi,' Amane Matunaga,” Hiroshi Katagiri'-?

Controlling the ordered molecular orientation of organic semiconductor molecules in the
active layer is essential for improving the performance of organic field-effect transistors
(OFETs). We have previously reported that iodinated thienoacene derivatives exhibit molecular
orientations favorable for charge transport through iodine—iodine interactions'. In this study,
we investigated the structure and physical properties of disubstituted diiodo (DI-DTBT1),
dibromo (DBr-DTBT1), and dichloro (DCI-DTBT1) derivatives to systematically understand
the effect of halogen species on the formation of molecular assemblies. DI-DTBT1 formed
linear Type I halogen interactions and showed a layered herringbone structure favorable for
charge transport, whereas DBr-DTBT1 formed bent Type II halogen interactions, and no
halogen interactions were observed in DCI-DTBT1. These results demonstrate that iodine
exhibits the most effective halogen interactions and is advantageous for forming crystal
structures conducive to charge transport.

Keywords : Organic Field-Effect Transistor, Halogen—Halogen Interactions, Herringbone
Structure, Thienoacenes, Charge transport
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1) A. Matsunaga et al., J. Phys. Chem. Lett. 2021, 12, 111-116.
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Synthesis and Optical Properties of a Novel Biphenyl Compound Linked Through Molecular
Orbital Nodal Planes (!Graduate School of Organic Materials Science Yamagata University,
’Graduate School of Science and Engineering Yamagata University) OKaito Okubo, ' Kyoko
Uehara, 2 Kudo Shoh, 2 Hiroshi Katagiri'-?

Molecular design of organic fluorophores based on molecular orbital control has recently
attracted attention as a crucial strategy. We have previously reported the development of
fluorophores through nodal plane control using sulfonylaniline frameworks". In this study, we
synthesized a novel biphenyl derivative (NPBP) conjugated through both HOMO and LUMO
nodal planes and evaluated its photophysical properties. NPBP exhibited characteristic dual
fluorescence at 412 nm and 518 nm in dichloromethane (DCM), and at 407 nm and 541 nm in
tetrahydrofuran (THF). Excitation spectrum measurements at two fluorescence maxima in each
solvent suggested the existence of different excited states. In addition, absorption and
fluorescence spectroscopic measurements of individual aromatic units constituting NPBP
(BMeSA, 2-MeS-m-A) revealed maximum absorption wavelengths coinciding with the first
absorption band of NPBP and blue-shifted fluorescence spectra around 390 nm. Quantum
chemical calculations and experimental results indicated that this dual fluorescence
phenomenon originates from distinct electronic transitions derived from independent
chromophore units and the biphenyl backbone.

Keywords : Nodal plane; Sulfonylaniline; Biphenyl; Fluorescence
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1) Kudo, S.; Hoshino, N.; Beppu, T.; Katagiri, H., ChemPhysChem. 2019, 20, 1581-1589.
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The Stimuli Responsive Properties of Anthracene Derivatives Possessing Cyano and/or
Isocyano Groups ('Graduate School of Integrated Science and Technology, Shizuoka
University, *Faculty of Science, Shizuoka University, 3JST PRESTO) O Masahiro Ikeda!,
Tomohiro Seki**

The crystal of 9,10-dicyanoanthracene (DCA) is known to exhibit plastic deformation upon
applying stress!. Herein, we investigated anthracene derivatives possessing cyano and/or
isocyano groups. 9,10-diisocyanoanthracene (DIA) formed two crystal polymorphs, a and f. a
showed plastic deformation upon applying stress to (001) and (010) planes. In contrast, p
exhibited elastic deformation only upon applying stress to (01-1) plane. When stress was
applied to (012) face, the crystal fractured. Additionally, the crystal of 9-cyano-10-
isocyanoanthracene (CIA) exhibited plastic deformation. Furthermore, mechanical stimulation
caused redshift of the emission peak from 500 nm to 580 nm. In addition, we will discuss
crystal structures and theoretical calculation results of other anthracene derivatives.
Keywords: Plasticity, Elasticity; Molecular Crystal; Polymorphism; Phase Transition
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1) L. Catalano, P. Naumov et al., Angew. Chem. Int. Ed., 2018, 57, 17254—17258.
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Indandione Dimer-based Cupper Complex Exhibiting Vapochromism

(‘School of Engineering, Osaka University, *Graduate School of Engineering, Osaka
University, *ICS-OTRI, Osaka Univsity, ‘JST-PRESTO) ORen Mizuki,' Yumi Yakiyama,***
Hidehiro Sakurai**

The indandione dimer 4PID", which features two pyridine rings, possesses high potential as
a building block for molecular host crystals. In this study, we successfully synthesized a two-
dimensional layered complex by coordinating 4PID with copper (II) nitrate, incorporating
acetonitrile as a crystallization solvent. When this crystal was exposed to chloroform vapor, it
exhibited pronounced color change. X-ray crystallographic analysis revealed that chloroform
replaced the acetonitrile molecules, inducing distortions in the coordination environment.
These structural changes are considered responsible for the observed color change. Notably,
this phenomenon was reversible and occurred entirely while maintaining the single-crystal state.
Keywords : Indandione dimer , Vapochromism, Crystal-to-crystal structural transformation
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1) Y. Yakiyama, T. Fujinaka, M. Nishimura, R. Seki, H. Sakurai Chem. Commun. 2020, 56, 9687-9690.
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Photo-induced Supramolecular Polymorph Transformation of Self-assembling Diarylethene
Derivates ('Faculty of Engineering, Chiba University, >*Graduate School of Engineering, Chiba
University, JIAAR, Chiba University) OKatsuyuki Murai,' Hiroki Hanayama,? Shiki Yagai’

Diarylethene is a photochromic molecule exhibiting reversible photo-responsivity even in
crystals.! In this study, we newly synthesized self-assembling diarylethene derivatives possessing
tri(dodecyloxy)phenyl group through amide bonds (Fig. 1a) and investigated their self-assembly
and photo-responsive behaviors. Upon cooling a hot monomeric solution in z#-octane, the open-
ring monomer (1o) formed precipitates of self-assembled nanosheets (Fig. 1b). Irradiation of
the nanosheet dispersion with UV light resulted in a transformation into nanofiber due to the
ring-closure reaction of the diarylethene unit (1o—1c) (Fig. 1¢). Subsequent irradiation with
visible light to the nanofibers led to back isomerization and the transformation into nanosheets.
We will discuss the self-assembly behavior with the photoisomerization of diarylethene units
in detail.

Keywords : Self-assembly; Photoresponse; Diarylethene; Supramolecular polymorphism;
Linker length
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Fig. 1 a) Molecular structure of open-ring monomer (10) and closed-ring monomer (1¢). b,c)
AFM images of b) nanosheets of 10 and c) nanofibers of 1c.

1) M. Irie, T. Fukuminato et al., Chem. Rev. 2014, 114, 12174—-12277.
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Structural Analysis of Amyloid  Hydrophobic Fragment Dimers by Encapsulation in a Spherical
Coordination Cage (!Graduate School of Engineering, the University of Tokyo, *Institute for Molecular
Science, *UTIAS, The University of Tokyo) OYuta Onodera,' Takahiro Nakama,' Maho Yagi-Utsumi,’
Koichi Kato,? Makoto Fujita!"*3

The structural analysis of initial aggregates of amyloid B (AB) proteins, which have been presumed to
be highly neurotoxic in Alzheimer's disease, is challenging due to their transient and heterogeneous
nature. Mi2L24 spherical complexes, self-assembled from bis(pyridine) ligands (L) and Pd*" ions (M),
can prevent the aggregation of a protein by isolating it within the cavity, thus allowing for the analysis
of the denatured transient structures.'? In this study, we report structural analysis of a dimer of AP
hydrophobic fragments by encapsulation in Mi2L24 cages (Fig. 1). Two *C, "N-isotope-labeled APis-23
(KLVFFAED) were conjugated with bis(pyridine) and encapsulated in the cage. NMR spectroscopy
indicated that the APi6-23 peptides in the cage were selectively dimerized by suppressing their random
aggregation. 2D and 3D NMR analysis revealed a B-sheet association structure of Afis23 in aqueous
media. Intermolecular NOE indicated the proximity of side chains between two peptide chains.
Keywords : Amyloid [5; Protein encapsulation; Self-assembly, Alzheimer’s disease; NMR structural
analysis
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Fig. 1 Isolation of A hydrophobic fragments by encapsulation in a self-assembled Mi,L,4 spherical complex.

1) R. Ebihara, et al., Angew. Chem. Int. Ed. Accepted, €202419476. 2) T. Nakama, et al., Chem. Sci. 2023, 14, 2910.
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Mechanofluorochromic properties of anthracene derivatives with simple structures (Kyoto
Institute of Technology) ORyosuke Chuman, Manato Nishimura, Takahiro Kusukawa

Recently, mechanofluorochromism, a phenomenon in which fluorescence color changes due
to mechanical stimulation, has attracted much attention. In this study, the mechanofluoro-
chromic properties of 9,10-diphenylanthracene derivatives 1 and 9-phenylanthracene
derivatives 2 were investigated. In the case of 9,10-diphenylanthracene derivatives 1, the blue
emission of the pristine samples did not change after grinding. On the other hand, for the 9-
phenylanthracene derivatives 2b-2¢, the blue emission color of the pristine samples changed to
green emission color after grinding. Interestingly, the self-recovery of the fluorescence color
(green to blue) was observed within several minutes.

Keywords: anthracene; fluorescence; mechanochromism
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FETH D, Figure 1. Fluorescence photograph of 2¢ (a) and fluorescence spectra of 2¢ (b),
Aex=365 nm.

1) T. Kusukawa et al., Chem. Lett. 2019, 48, 1213-1216.
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Molecular Arrangement and Magnetic Properties of Chlorine-Substituted Indole-Nitronyl
Nitroxide Derivatives (' Faculty of Science and Technology, Keio University) OHiroto Masuda,
Ryo Ohtaka, Masaomi Takii, Youhei Miura, Naoki Yoshioka,

Nitronyl nitroxide (NN) derivatives with indole(In-NN, 3) ring formed piled columnar
assemblies and its magnetic property followed one-dimensional ferromagnetic chain model.
The author of the present paper intended to discuss the effect of chlorine substitution on the
crystal structure and magnetic properties of 4 - 7.

Single crystal X-ray structure analyses revealed that 6 formed the ferromagnetic one-
dimensional columnar assemblies similar to that of 1 by branched hydrogen bond, while 4
assembled a unique dimer and showed a characteristic contact between chlorine atoms. SQUID
magnetic susceptibility measurements indicate that there is no significant magnetic interaction
in 4. The crystal structures and magnetic properties of 8 and 7 will be discussed.

Keywords : Nitroxyl Radical; Hydrogen Bond; Substituent Effect; Magnetic Interaction;
Molecular Array
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Development of highly crystalline fluorene-based molecular tweezers and molecular
recognition in the solid state (School of Science, Institute of Science Tokyo) OMasahiro
Yamashina, Yu Watanabe, Shinji Toyota

Molecular tweezers is a classical host molecule composed of a framework with two
opposing planar units. In this study, we synthesized fluorene-based molecular
tweezers linked at sp® carbon atoms. In a solution, the molecular tweezers had
moderate binding constants toward planar molecules bearing polar functional groups.
The tweezers readily co-crystallized with guests in an aqueous solution. Furthermore,
the tweezers successfully achieved highly selective recognition of caffeine through co-
crystallization, effectively extracting it from mixtures of water-soluble xanthines.
Keywords: molecular tweezers; host—guest; organic crystal; molecular recognition
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Fluorescence detection of carbonyl compounds derived from transformation of assembly
structures of anthracene-based molecular tweezers in the solid state. (School of Science,
Institute of Science Tokyo) OYu Watanabe, Masahiro Yamashina, and Shinji Toyota

We have previously reported that dichloroanthracene-based molecular tweezers self-
assembled into a cyclic tetramer in the solid state, which transformed into a dimer on exposure
to acetone vapor accompanied with changes in solid-state fluorescence. Herein, we applied this
behavior to the fluorescence sensing of volatile carbonyl compounds by fluorescence. A test
paper containing the cyclic tetramer was prepared and then exposed to vapors of carbonyl
compounds (e.g., acetone and acetaldehyde). As a result, the fluorescence of the test paper
turned from bright yellow to blue, resulting from the dynamic interconversion between the two
assemblies. Furthermore, the fluorescence color of the dimer varied depending on the carbonyl
compounds.

Keywords : Molecular Assembly; Solid-State Self-Assembly; Structural Transformation,
Fluorescence Detection; Hydrogen Bond
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