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Control of self-assembled metal-organic cages by dihedral angle change in multitopic ligands:
Geometric analysis ('Graduate School of Arts and Sciences, The Univ. of Tokyo) OKeisuke
Takeuchi,' Tsukasa Abe,' Shuichi Hiraoka'

While it is known that the Mg14 open octahedron is assembled from tritopic ligand 1 and cis-
protected Pd(II) ion (Pd*")," we recently found that self-assembly of tritopic ligand 2, whose
central ring is benzene, and Pd*" lead to Pds2s and Pdi»2s as kinetic and thermodynamic
products, respectively. In this study, we developed a way to geometrically assess the ring strains
in the assemblies and revealed that the strain of the rings in Pd;,2s is much smaller than those
in Pds24 and Pdo2s, which is the reason why Pd,2g was formed as the thermodynamically most
stable product overcoming the entropic disadvantage.

Keywords : Molecular Self-assembly, Dihedral Angle Change, Geometric Analysis,
Coordination Self-assembly
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3-Step Synthesis of Unsymmetric Macrocycle via Pyridylbenzoxazole Cyclic Oligomer
(\Degree Programs in Pure and Applied Sciences, University of Tsukuba, *Institute of Pure and
Applied Sciences, University of Tsukuba) O Yuya Hokimoto,' Takashi Nakamura?

Unsymmetric macrocycles and their metal complexes are expected to have unique molecular
recognition or catalytic properties. However, their synthesis often has issues such as multi-step
reactions and low yields to sequentially connect different units. Here we have achieved the
synthesis of an unsymmetric macrocycle in high yield via simple 3 steps; macrocyclization,
irreversible conversion, and desymmetrization." First, a cyclic (pyridylmethylene)aminophenol
(pap) trimer 2 was obtained by the macrocyclic oligomerization of the bifunctional monomer
1 bearing o-aminophenol and acetal-protected 2-formylpyridine units, utilizing dynamic nature
of imine bonds formation. A cyclic trimer of (pyridyl)benzoxazole (pbo), 3, was then
synthesized by the irreversible oxidative conversion of all of the three pap units. Finally, we
have obtained 4 by the selective addition reaction of water to only two of three pbo units of 3
to convert them into (pyridylcarboxamide)phenol (pcap) units under an acidic condition. 4 is
an unsymmetric macrocycle which has different chelation units inside, thus the function as a
ligand to form unsymmetric complexes with unique structures is expected.

Keywords : Supramolecular Chemistry, Macrocycle, Imine Bond, Oxazole, Unsymmetric
Molecule
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Synthesis of Cyclic Oligomers of Sap Using Bifunctional Monomers with Biphenol Moieties
and Formation of Multinuclear Complexes ('School of Science and Engineering, University of
Tsukuba, *Institute of Pure and Applied Sciences, University of Tsukuba) O Kohtaro
Sugawara,' Takashi Nakamura?

Salicylidene-aminophenol (sap), which is synthesized from o-aminophenol and
salicylaldehyde, is an O,N,O-type tridentate chelating ligand. In this research, we have
synthesized a sap cyclic tetramer Hg2 via hydrogen reduction and oligomerization of biphenol-
type bifunctional monomer 1 bearing o-nitrophenol and acetal-protected salicylaldehyde units.
We have also found that the conversion from the sap cyclic tetramer Hs2 to the cyclic trimer
He3 in 1,1,2,2-tetracholoroethane-d-> took place by taking advantage of dynamic nature of imine
bonds. Moreover, we have obtained palladium tetranuclear complex [2PdsL4] (L: exchangeable
ligand) using four chelate coordination units of Hs2. [2Pd4L.4] is expected to exert functions
such as molecular recognition by multipoint coordination utilizing multiple coordination sites.
Keywords : Supramolecular Chemistry, Oligomers, Macrocycles, Imine Bonds, Biphenols
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Self-assembly of dendron-incorporated chlorophyll supramolecular rosettes ('Faculty of
Engineering, Chiba University, *Graduate School of Engineering, Chiba University, *Graduate
School of Life Sciences, Ritsumeikan University, *“IAAR, Chiba University) ORyo Kudo,!
Hiroki Hanayama,” Hitoshi Tamiaki,? Shiki Yagai*

Self-assembly of semi-synthetic chlorophylls has been extensively investigated for
applications in artificial photosynthesis and photovoltaic devices.! We have been investigating
the self-assembly of m-conjugated molecules functionalized with a barbituric acid as a
hydrogen-bonding moiety.? In this study, we synthesized free base chlorins 1 and 2 bearing
Percec-type alkyl dendrons® and investigated their self-assembly in nonpolar solvent (Fig. 1a).
Upon cooling a hot monomer solution of these molecules in methylcyclohexane, 1 afforded
helically elongated nanofibers, while 2 afforded small particles due to steric hindrance of
dendron moieties (Figs. 1b,c). We will discuss these different self-assembly behavior in detail.
Keywords : chlorophyll; self-assembly; barbituric acid; supramolecular polymer, dendron
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Figure 1. a) Molecular structures of 1 and 2. b,c) AFM images of b) helical nanofibers of 1

and c) ill-defined agglomerates of 2.

1) S. Matsubara, H. Tamiaki, J. Photochem. Photobiol. C: Photochem. Rev. 2020, 45, 100385.
2) S. Yagai et al., Acc. Chem. Res. 2019, 52, 1325; Acc. Mater. Res. 2022, 3, 259.
3) B. M. Rosen, V. Percec, et al., Chem. Rev. 2009, 109, 6275.
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Photocontrol over the nanotube formation of an anthracene dyad bearing azobenzene side
chains (‘Chiba University, *Graduate School of Engineering, Chiba University, *IAAR, Chiba
University) ORina Tomochika,' Hiroki Hanayama,” Shiki Yagai’

Recently we found that a scissor-shaped diphenylanthracene dyad 1 possessing alkyl chains
through amide groups self-assembles into nanotubes in nonpolar media (Fig. 1a). Herein, we
newly synthesized a diphenylanthracene dyad 2 bearing azobenzene units as side chains, and
its self-assembly and photoisomerization behavior was investigated (Fig. 1a). Upon mixing a
monomeric solution of frans-2 in a good solvent with a poor solvent, the formation of
nanotubes immediately occurred (Fig. 1b). In contrast, when a cis-isomer rich solution of 2
obtained by irradiation of the monomeric solution with UV light was mixed with the poor
solvent, the lag time of 30 min before the nanotube formation was observed. We will discuss
this difference in details.

Keywords : Self-assembly,; Photoresponsivity; Anthracene; Azobenzene; Nanotube
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1) K. Tashiro, S. Yagai et al., Chem. Rec. 2022, 22, €202100252.
2) T. Aizawa, H. Arima, S. Yagai et al., manuscript in preparation.
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Azapeptides: Synthesis, Features, and Applications

(‘Hiroshima Synchrotron Radiation Center, Hiroshima University, Japan, *Université de
Lorraine, France, *National Institute of Oceanography and Fisheries, Egypt).OMohamed
Ibrahim,"?? Jacques Bodiguel,” Koichi Matsuo,' Marie-Christine Averlant-Petit?

Keywords: Azapeptides; Folding; Self-Assembly; Gelation

Bio-organic molecules such as peptides and proteins play crucial roles in various
biological processes related to their conformations. The instability of synthesized peptides, and
the hurdles to design proteins have limited their uses as drug candidates due to biodegradation,
low selectivity, and high hydrophilicity [1]. Designing modified bio-organic molecules has
gained the interest to mimic the secondary structures of peptides and proteins, exert similar
biological activities as natural analogs, and possess improved physical, chemical, and
therapeutic features. Thus, two families namely “Pseudopeptides and Peptidomimetics” were
developed [2].

In recent years, our LCPM group has
focused on synthesis and structure studies of
pseudopeptidic  bis-nitrogen compounds
such as azapeptides. The group could
establish a synthetic pathway which
provided two groups of azapeptides (Figure
1). A series of azapeptides were synthesized
studying the chain lengths, type of amino
acids, etc. Several spectroscopic techniques
and molecular dynamics were applied for
studying the structure features and

conformations in solution and solid states :
[3-5]. Figure 1. Synthesis, features, and applications of azapeptides.
The results proved the ability of azapeptides to adopt B-turn conformations in solution and solid
states, in addition, some molecules could form supramolecular structures. Interestingly, some
of the azapeptides could self-assemble in some solvents, leading to the formation of organo- or
hydrogels which are stabilized by several physical interactions. Besides the reported
pharmaceutical functions of azapeptides, we reported two eco-friendly applications in gases
separation (N2/CO,) by membrane technology, and phase-selective gelation of oil removal from
oily water [6-8].

References

1] Gellman, S. H. Acc. chem. Res. 1998, 31, 173-180.

2] Adler-Abramovich, L. and Gazit, E., Chem. Soc. Rev., 2014, 43, 6881-6893.
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Synthesis and Properties of New Propeller-Shaped Electron Acceptors Featuring a
Perhalogenated Triptycene-Tribenzoquinone Skeleton (‘Lab. Chem. Life Sci., Tokyo Tech.)
OKenzo Suzuki', Shuta Tsuruga', Ryosuke Takehara', Yoshiaki Shoji', Takanori Fukushima'

We recently reported that a perchlorinated triptycene-tribenzoquinone derivative (1c) can
form a two-dimensional (2D) crystal structure through a combination of nested packing and 7t-
stacking of its propeller blades. Moreover, upon mixing with an equimolar amount of its
hydroquinone derivative, 1¢i can form 2D nanosheets having both higher order and increased
mechanical strength. In this study, we report the synthesis and assembly behavior of a
perhalogenated electron-accepting propeller-shaped molecule, which has Br or I substituents
in place of CL
Keywords : Triptycene-tribenzoquinone,; Two-dimensional assembly; Redox properties;
Electron acceptor; Halogen
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Ion-Pairing Assembly of Anion-Responsive Orthogonally Arranged n-Electronic Cations
(College of Life Sciences, Ritsumeikan University) OTomoka Inoue, Yohei Haketa, Hiromitsu
Maeda

Dipyrrolyldiketone boron complexes show anion-responsive behavior through hydrogen
bonding with pyrrole NH and bridged CH. Thus far, dipyrrolyldiketone arenediol boron
complexes have been prepared for ion-pairing assemblies in the crystal state. In this study,
dipyrrolyldiketone hydroxyphenalenone boron complexes as anion-responsive orthogonally
arranged m-electronic cations were synthesized.  Ion-pairing assemblies with various
counteranions were formed in the crystal state and liquid crystal mesophases.

Keywords - orthogonally arranged m-electronic systems; ion-pairing assemblies; anion
binding,; phenalenone
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CBWTbHE R — VEBRNIRIC L - TT =428 L, CILagEitt 7=+ 1L =1%
FA N 322330 A THEE L7EEGREERT 52 L& R L7 (Figure 1b), &5
2 IEBVERMEE L 28N U728 A ClIst 7 =4 NRAF Lz sa TP R 2 n 32 &
DRI ST,

1) Haketa, Y.; Yamasumi, K.; Maeda, H. Chem. Soc. Rev. 2023, 52, 7170.

2) Koda, N.; Haketa, Y.; Yokoyama, M.; Yasuda, N.; Maeda, H. Org. Lett. 2023, 25, 1120.
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Cyclic dimerization of a B-sheet forming peptide via pyridinium crosslinking
(*Lab. for Chem. & Life Sci., Tokyo Tech, 2JST PRESTO) O Takeshi Funakura,’
Michito Yoshizawa,' Tomohisa Sawada'2

Folding and assembly of pyridine-tethered octapeptide 1 afford a synthetic B-barrel
composed of a cyclic dimer unit in organic solvents (Fig. a, JACS 2018, 140, 8644).
To give it water solubility, modification to pyridinium-cross-linked cyclic peptide 3 was
previously attempted (Fig. b ; K605-1vn-02). In this study, we report synthesis of cyclic
dimer 4 by using octapeptide 2 with two diethylene glycol chains to improve solubility.
The formation of 4 was confirmed by ESI-TOF MS measurement after the crosslinking
reaction and HPLC purification (Fig. c). In the "H NMR spectrum of 4, highly broadened
signals were observed, suggesting that 4 formed an aggregate in water (Fig. d).
Keywords: cyclic peptide, B-sheet, cross-linking, pyridinium

MK i E 'J //E.‘BLL%ET#’)B/ NEAVIRTFRTE Znl, EDTA—ILT «
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4 DERETSeTFT 2N 13- EXR(TOBXFINRYE Y% 30 YERIGSE.
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Ion-Pairing Assembly of Porphyrin-Based Activated m-Electronic Anions (College of Life
Sciences, Ritsumeikan University) OMiyu Yokoyama, Hiromitsu Maeda

Charged m-electronic systems provide ion-pairing assemblies, which would exhibit
fascinating properties by appropriate modifications. Deprotonation of an acid unit of the
appropriate m-electronic molecules such as meso-hydroxyporphyrins (MHPs) enables the
formation of m-electronic anions. The electronic states of MHP-based ion pairs can be
modulated by metal center and the substituent groups. In this study, an activated anion,
deprotonated MHP including Pt" and electron-donating substituents, was synthesized. 7-
Electronic cation TATA" was introduced as a counter species, forming charge-by-charge
assembly. UV/vis absorption spectra of the ion pair with an activated cation, tris-CeFs-
substituted porphyrin Au™ complex, suggested the formation of the radical pair via electron
transfer from the anion to the cation.

Keywords : melectronic systems; ion-pairing assemblies; porphyrins, ion-pair metathesis,
platinum

TR RA T RTES
Rix, ‘#-m HHAESEHIZ X
0 BRAIBLA ZTER L, TREH 2 poi o
MR SR E M2 & Ok

BRSNS, Vg

2=y N AT HrETR

AT bk kY 7= -
F U N AIRETH D | Figure 1 (a) Single-crystal X-ray structure of TATA"-1pt™ and (b) UV/vis
meso-t R L7 4 absorption spectra of F3PAu’-1pt-, F3PAu’, and 1pt’ in toluene.

V> (MHP) 7 =427 DA F o _XTEALEHE LTz, ? MHP [ZH 04RO
WEBILIC LD EFREOERANAIETH Y, 7T =4 OEREIZIL Ul A A
T OYEDEALRIWIFRE S D, AL B STV Pt EE G A EA LT,
EHAL (BFZ2RELeTW) 7=F2 Iptx Ak Lz, nETRITFA LT
TATA %38 A L, BEERAESROEZH L Lz (Figure la), £7=, &ML
AF A (CeFs3 EHARNLT ¢V Au$K (F3PAU")) & DA A7 F3PAu'-1pt
DWIL AR BJIZBWTC, T=F Vb TF A ~DEBFBEINCL DT VDA
e S vz (Figure 1b),

e e — \‘) e
==

____the pair from

normalized absorbance

1) Haketa, Y.; Yamasumi, K. et al. Chem. Soc. Rev. 2023, 52, 7170. 2) (a) Tanaka, H. et al. J. Am. Chem.
Soc. 2022, 144,21710. (b) Yokoyama, M. et al. Org. Lett. 2023, 25, 3676.
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Correlation between alkyl chain length and aggregated structures
in nitrogen-doped perylene diimide analogues

(‘Graduate School of Frontier Science, The University of Tokyo, *Graduate School of Materials
and Chemical Technology, Tokyo Institute of Technology, *CREST JST) ORuoxi Huang'?,
Craig P. Yu', Shohei Kumagaiz, Masato Mitani?, Jun Takeya1’3, Toshihiro Okamoto®’
Keywords: organic semiconductor, aggregated structure, nitrogen-containing m-electron
systems

The aggregated structure is a crucial factor of materials properties. Recently, our group studied
nitrogen-doped perylene diimide analogues, benzo[de]isoquinolino[ 1,8-
gh]quinolinetetracarboxylic diimide (BQQDI), as n-type organic semiconductors.' The recent
paper on phenethyl/alkyl asymmetrically functionalized BQQDI  derivatives
(PhC,—BQQDI-C,) has indicated that, when n = 5—7, PhC,—BQQDI—C, can exhibit a similar
brickwork packing structure to phenethyl-functionalized BQQDI (PhC,—BQQDI), one of the
most promising BQQDI derivatives reported to date.” This phenomenon is attributed to a
unique behavior of alkyl groups, namely, molecular mimicry, where a part of alkyl moieties
adopts the gauche conformation to mimic the phenethyl counterpart.? To comprehend the
intrinsic impact of alkyl chain length, in this study, symmetrically and asymmetrically
functionalized BQQDI derivatives bearing alkyl substituent(s) were investigated.

Symmetrically alkyl-functionalized BQQDIs (C,—BQQDI) and PhC,—BQQDI-C, were
synthesized at various alkyl chain lengths (n). As represent, Cs—BQQDI was found to exhibit
bulk polymorphism, with both polymorphs exhibiting the gauche conformation, one of which
is comparable to that observed in PhC,—BQQDI—Cs. Importantly, the gauche conformation is
important for large intermolecular orbital overlaps. In contrast, Cs—BQQDI adopts all-anti
conformation, leading to poorer intermolecular orbital overlaps. The comprehensive discussion
and comparison of the influences on solid-state properties will be given in the presentation.

O, N O (o] N O
O-3CH0 avs
N = = N-CHau HaniCo-N )= = N-C,Hy
5% 50
o N o o N o

PhC,~BQQDI-C, C,-BQQDI
n=3> molecular n=> n=8
! * PN 202y
T - L
SN, gauche \’\C:\/i A all-anti
et I T
. S XX k0
similar conformation ; X

& packing structure

1) Okamoto, T et al., Sci. Adv. 2020, 6, eaaz0632. 2) Okamoto, T ef al., Adv. Sci. 2023, 10,
2207440.

© The Chemical Society of Japan -E1123-2am-11 -



E1123-2am-12

BAREESR B104E5FER (2024)

DFHIREEZEIA3FERItEILORAF) T2—1t
(GERIK b&EM) OFLEKE - FHER - Lorenzo Catti - FIREA

Photo-oligomerization of an Aromatic Micelle with Guest Binding Ability (Lab. for Chem.
& Life Sci., Tokyo Tech) OShiina Yasugami, Natsuki Kishida, Lorenzo Catti, Michito
Yoshizawa

Bent aromatic amphiphiles bearing 2-anthryl panels are quantitatively assembled into a
well-defined aromatic micelle in water. Here we report that, upon brief UV irradiation
under air, the aromatic micelle undergoes efficient intermolecular [4+4] oligomerization
to yield photo-locked micelles, as indicated by NMR, UV-visible, DLS, and mass
analyses. The micelle binds various hydrophobic compounds (i.e., dyes and
nanocarbons) in water. In a manner similar to the empty micelle, the obtained host-guest
composites possess intermolecular photo-oligomerization ability.

Keywords: Bent aromatic amphiphile, Aromatic micelle, Self-assembled, [4+4] Photo-
oligomerization, Hydrophobic guest
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Cavity Functions of Internally Multi-Alkylated Aromatic Micelles

(Lab. for Chem. & Life Sci., Tokyo Tech) (OMasaya Endo, Shinji Aoyama, Lorenzo
Catti, Michito Yoshizawa

Internally multi-alkylated aromatic micelles are assembled in water from umbrella-
shaped amphiphiles featuring a linear alkyl chain flanked by two anthracene panels.
The alkylation is found to strongly enhance the stability of the aromatic micelles
against dilution and heat, and alter the cavity polarity as indicated by solvatochromic
probes. Notably, the guest binding ability of the micelles and the emission properties
of the host-guest composites can be tuned via variation of the alkyl chain length.
Keywords: Umbrella-shaped amphiphile, Internal alkylation, Aromatic micelle,
Emissive composite, Water
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Concave Modification of Bent Anthracene Dimers with Polar Functional Groups (Lab.
for Chem. & Life Sci., Tokyo Tech) OVYuta Kikuchi, Shinji Aoyama, Lorenzo Catti,
Michito Yoshizawa

A bent anthracene dimer is a versatile building block for the preparation of
polyaromatic capsules and tubes. We here report the concave modification of the bent
anthracene dimer with various polar functional groups. The new building blocks are
synthesized starting from 3,5-dimethoxyphenol via Negishi coupling and ester-
/etherification as the key steps to introduce polar groups (e.g., benzoyl, N-acetyl-glycyl,
and N-Boc-2-aminoethoxy) flanked by two polyaromatic panels. In addition, successful
introduction of a cyano group at the concave is achieved.

Keywords: Bent anthracene dimer, Concave functionalization, Polar functional groups,
ester, Nitrile
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