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Diastereoselective Synthesis of Topological Chiral Pillar[5]arenes:
Unveiling the Unit and Macrocyclic Chirality Interplay

(*WPI-NanoLSI, Kanazawa University, *Graduate School of Engineering, Kyoto
University,) ODe-Hui Tuo,"* Shigehisa Akine,' Kenichi Kato,? Shunsuke Ohtani,?> Tomoki
Ogoshi'*?

Keywords: Pillar[n]arene; Diastercoselective synthesis; Chirality

Molecular topology, such as mechanically interlocked and entangled molecular
architectures, has increasingly attracted attention in materials science and nanotechnology
due to its fascinating topological features.! Herein, we present a series of topological chiral
pillar[5]arenes (P5As) formed by combining two different planar chiralities (Figure 1a):
paracyclophanes (S, and R,) and P5As (pS and pR). The topological chiral P5As were
diastereoselectively synthesized using different paracyclophane units (Figure 1Db).
Topological P5As a and b were selectively formed from 1 or 2 racemates, while the chiral
paracyclophane 2-S, selectively gave topological chiral P5A a-5(S,-pS). From achiral
paracyclophane 1°, only topological PSA b was obtained due to the lack of hydroxymethyl
directing groups. All the topological chiral molecules exhibited distinct CD spectra
corresponding to the chiral units (Figure 1c), but closely resembled that of planar chiral
P5A, indicating that macrocyclic chirality predominantly governs the chiroptical properties
of these topological structures. TD DFT calculations revealed that the magnetic (m) and
electric (u) transition dipole moments, along with their angles (0), of the chiral
paracyclophane units were rearranged and altered within the topological PSA structures
(Figure 1d). This rearrangement significantly increased the overall magnitude of |m)|,
reduced the 0 angle, and resulted in tunable rotatory strength (R) and CD intensity of the
topological chiral structures.
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Figure 1. (a) Combination of two different planar chiralities. (b) Paracyclophane monomers. (¢) CD

spectra and (d) DFT calculation results of these topological chiral P5As.

1) W. Wang, S. Zhou, X. Yu et al., CCS Chem. 2024, 6,2084-2109.
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Synthesis and molecular recognition of flexible macrocyclic trisresorcinarene ('Graduate
School of Advanced Science and Engineering, Hiroshima University, *Graduate School of
Science and Technology, Hirosaki University, *WPI-SKCM’, Hiroshima University)
Naoyuki Hisano,! Shoichiro Inoue,' Daisuke Shimoyama,' Ryo Sekiya,” Riyanka Das,’
Takeharu Haino'”

Our group developed macrocyclic trisresorcinarenes consisting of three resorcinarene units
connected by odd-numbered alkyl chains."! However, the extremely low solubility of
trisresorcinarenes in organic solvents hindered a detailed understanding of the molecular
behavior in solution. In this study, we synthesized soluble trisresorcinarenes by introducing
lipophilic protecting groups into the hydroxyl groups of resorcinarene units. Here, we report
the structure and conformation of the trisresorcinarenes in solution. 1!

Keywords : Supramolecular Chemistry; Macrocyclic Molecule; Molecular Recognition;
Calixarene
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Figure 1. Molecular structures of trisrecorcinarene 1-3.
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1) Shimoyama, D.; Sekiya, R.; Kudo, H.; Haino, T. Org. Lett. 2020, 22, 352.
2) Shimoyama, D;. Sekiya, R.; Inoue, S.; Hisano, N.; Tate, S.; Haino, T. Chem. Eur. J. 2024, 30, €20240922.
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Selective Molecular Adsorption Using Latent Porosity in a Molecular Crystal of
Tris(phenylisoxazolyl)benzene Derivatives ('International Institute for Sustainability with
Knotted Chiral Meta Matter/WPI-SKCM?, Hiroshima University, *Graduate School of
Advanced Science and Engineering, Hiroshima University, *Natural Science Center for Basic
Research and Development/N-BARD, Hiroshima University) OYudai Ono,' Takehiro Hirao,?
Naomi Kawata,®> Takeharu Haino'~

Porous organic compounds have great potential for the adsorption and separation of molecular
mixtures. Our group has reported flat molecule tris(phenylisoxazolyl)benzene formed self-
assembled structure via intermolecular interactions in organic solvents.' In this study, we
designed and synthesized tris(phenylisoxazolyl)benzene derivative 1 possessing methoxy
group. The latent pores were found in the molecular crystal of 1, which can be used for cis-
selective molecular adsorption against the cis-/trans-decalin mixture (Figure 1).

Keywords : Organic Crystal; X-Ray Diffraction Analysis, Porosity; Adsorption
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Figure 1. (a) Molecular structure of 1. (b) Molecular surface of cis-decalin@1. (c) Schematic
representation of cis-selective adsorption of 1 against the cis-/trans-decalin mixture.

1) M. Tanaka, T. Ikeda, J. Mack, Y. Kobayashi, T. Haino, J. Org. Chem., 2011, 76, 5082-5091.
2)Y. Ono, T. Hirao, N. Kawata, T. Haino, Nat. Commun., 2024, 15, 8314.
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Transformable quadruply interpenetrated cage with multiple
states of different reactivities

(Graduate School of Arts and Sciences, The University of Tokyo) OTsukasa Abe, Yutong
Zhang, Keisuke Takeuchi, Shuichi Hiraoka

Keywords: Interpenetrated cages; Halide ions; Anion matching index; Kinetic control;
Lewis acid

Molecular self-assemblies with tunable multi-pockets are potentially functional molecules
that generate multiple states. PdsLs interpenetrated cages (ICs), in which two Pd,L4 cages
are quadruply interpenetrated, have three correlating, tunable pockets for anions. Here, we
report that ICs binding three F~ or CI" ions, (F-F-F)- and (CI-CI-Cl)-ICs, were
self-assembled from ditopic ligand L in high yields. The outer anions in the ICs were
selectively exchanged with F~ or CI" under kinetic control, resulting in the quantitative
formation of the thermodynamically most stable (Cl-F-CD-IC from the (F-F-F)-IC. The
(F-CI'F)-IC, which was produced from the (CI-CI-CD)-IC with F~ by selective anion
exchange, is a metastable transient species. The three thermodynamically stable ICs showed
different reactivities in the presence of BFs; and Ag'. The addition of BF; to the
(CI-CI-CD-IC afforded heteroleptic [2]-catenane via unusual ligand exchanges, whereas the
outer F~ ions in the (F-F-F)-IC were removed by BF3 to form a metastable (Q-F-®)-IC.
The heteroleptic [2]-catenane was converted into the (Cl-CIl-CI)-IC by addition of Lewis
base (F~ or Py*). The addition of Ag" to the (C1:Cl-Cl)-IC caused dethreading to form the
Pd>L4 cages, whereas the (F-F-F)-IC was intact against Ag". The thermodynamically most
stable (CI-F-Cl)-IC did not react with either BF3 or Ag’. As a result, a total of seven states
were generated, affording a complicated network in response to halide ions, Lewis acids and
bases, and Ag".!
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1) Tsukasa Abe, Yutong Zhang, Keisuke Takeuchi, and Shuichi Hiraoka, Chem, accepted.
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Kinetic gating by dynamic synthetic pores created in cuboid self-
assemblies in water

(‘Graduate School of Arts and Sciences, The University of Tokyo, *Graduate School of
Nanobioscience, Yokohama City University) OHongye Chen,' Yifan Guo,' Moe Murata,’
Osamu Kobayashi,” Tomomi Shimazaki,”> Masanori Tachikawa,? Shuichi Hiraoka'

Keywords: self-assembly; kinetic gating; dynamic pore; dispersion force; hydrophobic effect.

Passing through a pore is an elementary process for binding target molecules. Although the
encapsulation of molecules in host molecules has been extensively discussed in
thermodynamics, the effect of the pore and its dynamism on the binding kinetics is not fully
understood. In this study, we designed and synthesized synthetic dynamic pores as cuboid
assemblies (nanocubes) from gear-shaped amphiphiles (GSAs), 1**, 2**, and 3**, and the
encapsulation processes were monitored by emission spectroscopy to determine the passage

12* exhibited a highly kinetic preference for

rate constants (kobs+). The dynamic pores of [1¢]
linear alkanes over branched ones. Molecular dynamics simulations of the three types of
nanocubes indicated that the difference in their pore dynamics is the origin of the kinetic
selection for alkanes with different bulkiness. In addition, the passage speed increased with
increasing chain length of the guest molecules. The introduction of an unsaturated bond at the
hydrocarbon terminal further enhanced the passage speed, whereas the introduction of a
hydrophilic oxygen atom slowed the passage speed. These results can be explained by the
longer lifetime of the encounter complexes originating from the dispersion force and CH-nt

interaction between the hydrophobic outer surface of the pores and the hydrocarbons.

por\e 450 nm 450inm

- Y ©
-
kobsf
nanocube H20 Gncnanocube
p 8
% K2
1415 host: [3e]'2*
host: [16]'>* guest: Iienear CnHan+2
%
7‘” )
: %
8
% |
gear-shaped amphiphile (GSA)
1-Clz (R' = H, R2 = Me) 8 0
2:Cl2 (R'=Me, R2= Me) 3 4 5 6 7 8 9 10
3-Cl2 (R'=H, R2=H) number of carbon atoms (n)

© The Chemical Society of Japan - [F12202-2pm-05 -



[F]12202-2pm-06

The

105th CSJ Annual Meeting

Nearly perfect chirality inversion of a helical metallocryptand upon
crystal dissolution assisted by guest binding as a booster stimulus

('Nano Life Science Institute, Kanazawa University, *Graduate School of Natural Science and

Technology, Kanazawa University)

OSk Asif Ikbal,' Shigehisa Akine'

Keywords: Helicity inversion; Dynamic structure conversion; Cobalt complex; Cation

encapsulation; Cryptand

Development of artificial dynamic helical molecules with controllable helix inversion rate

can be useful to make chiral memory materials.! In literature, chirality inversion has been
mostly studied and discussed as equilibrated states both before and after inversion without
focusing on equilibration kinetics." We have already demonstrated that the helicity inversion
kinetics of trinickel(Il) cryptands can be controlled by guest recognition in the cryptand

cavity.>?

We have synthesized chiral tris(salen)-type tricobalt(IlI) metallocryptands with diamines at
the aperure. In this work, we observed time dependent changes for nearly perfect chirality
inversion of the helical tricobalt metallocryptand from pure P form in the crystalline state to
M-major in solution, which is assisted by binding with a cation as a booster stimulus. The
metallocryptand has both cation and anion binding sites; the cation binding in its closed binding
cavity enabled the chirality inversion, while anion binding preserved the same chirality as that

in the crystalline state.
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Scheme 1. Helicity inversion control in a dynamic tricobalt(IIl) cryptand by two step stimulus.

1) S. Akine, H. Miyake, Coord. Chem. Rev. 2022, 486, 214582. 2) S. Akine, M. Miyashita, S. Piao, T.
Nabeshima, /norg. Chem. Front. 2014, 1, 53. 3) S. A. Ikbal, P. Zhao, M. Ehara, S. Akine, Sci. Adv. 2023,

9, eadj5536.
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Crystallographic Evidence of Water Repulsion in Fluorous
Nanochannels

(‘the University of Tokyo, *RIKEN CEMS, *Hiroshima University)

OShuo Chen', Wei Yuan', Siyuan Ye', Yoshimitsu Itoh', Hiroshi Sato®, Takeshi Uemura',
Takuzo Aida'*

Keywords: Fluorous Nanochannel; Crystal Engineering; Super Hydrophobicity; Hydrogen
Bonding

Fluorous nanochannels have demonstrated unprecedented potential for ultrafast
water desalination as transmembrane single-channels, offering groundbreaking
opportunities to address global water scarcity.! Their exceptional ability to rapidly
and efficiently separate water from salts stems from their superhydrophobic fluorous
interiors, which can break water clusters into smaller species that permeate faster
while rejecting salts completely through an electrostatic barrier.>* Although these
properties have been extensively studied at the single-channel level, their behavior
and functionality in aggregated or bulk states remain largely unexplored, leaving a
significant gap in our understanding of their practical applications.

In this presentation, we report the successful synthesis of porous crystals
featuring fluorous nanochannels. Crystallographic analyses revealed the influence of
fluorine moieties within these nanochannels on hydrogen-bonding networks between
the channels and water molecules. The precise control of fluorous nanochannels in
crystalline structures enables rational material design and bridges the gap between
laboratory discoveries and practical applications.
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1) Y. Itoh, S. Chen, T. Aida et al., Science. 2022, 376, 738-743. 2) J. Zhang et al., J. Am. Chem. Soc.
2023, 145,26925-26931. 3) Z. Gu, M. Duan, Y. Tu, Desalination 2022, 523, 115452.
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