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Photophysical Properties of 1,4-Cyclohexadiene Derivatives with Through-Space Interaction

(Department of Chemistry, Graduate School of Science, Tokyo University of Science) OShota
Furuyama, Ken Yamanomoto, Kohei Endo

ou

Conjugated molecules exhibit unique properties due to delocalized electrons derived from their
extended m-orbitals. While extensive research has focused on through-bond conjugation, as it plays
a key role in developing materials with unique properties, the potential of intramolecular through-
space conjugation requires further extensive studies. In this study, we report the synthesis of 1,4-
cyclohexadiene derivatives" (Fig. 1) that exhibit distinct fluorescence in both solid state and dilute
solution. (Fig. 2) These properties are attributed to the intramolecular interactions between aromatic
substituents through sp® carbons bridged over the diene moiety.

Keywords : Fluorescent, Through-Space Interaction; Aggregation-Induced Emission
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1) Kohei Endo, et al., J. Org. Chem. 2022, 87, 14833—-14839.
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Synthesis of N,N-bridge-type triarylboranes having carbazolyl unit and evaluation of its
delayed fluorescence properties (Graduate School of Engineering, Tohoku University) ONana
Sakaida, Yuichi Kitamoto, Tetsutaro Hattori

N,N-bridge-type triphenylboranes, which have a boron atom at I1-position and two
phenylimino groups at 8- and 14-positions of a pentacyclohenicosanene (PN) skeleton, are
attracting growing attention for high-definition displays due to their thermally activated
delayed fluorescence (TADF) with narrowband emission. We have successfully synthesized 1
bearing methoxy groups at the 3- and 19-positions of the PN via directed tri-ortho-lithiation
followed by borylation. The compound exhibited a deep-blue color due to a large HOMO and
LUMO energy gap based on the electron-donating effect of the methoxy groups. In this study,
we extended this synthetic strategy to synthesis of a V,N-bridge-type analog bearing carbazole
units and evaluated their photoluminescence properties. After optimization studies of reaction
conditions, we successfully synthesized 2 where carbazole units are embedded as bridging
moieties. The fluorescence spectrum of 2 showed a deep-blue TADF (Aem-2 = 463 nm), which
is hypsochromically shifted as compared with compound 3 (Aem-3 — Aem2 = 21 nm) bearing
hydrogen groups instead of the methoxy groups for 2.

Keywords : Triphenylborane,; Boron, m-conjugated compound, Delayed fluorescence; Organic
light-emitting diodes
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Ono, T. Ikuta, Adv. Mater. 2016, 28, 2777.
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% e /K fE T ! Effect of Side Chains on the Self-Association of Cyclohexa-2,7-(4,5-
diaryl)anthrylene Ethynylene Derivatives with Two Butadiyne Bonds Substituted at the Diagonal
Position (‘Faculty of Science, Shizuoka University, *Institute for Chemical Research, Kyoto

University) O Isaki Unno,' Tatsuki Maitani,' Shinnosuke Kawai,' Eiichi Kayahara,®> Shigeru
Yamago,” Kenji Kobayashi'

Recently, we reported the syntheses of cyclohexa-2,7-(4,5-diaryl)anthrylene ethynylenes 1a
and 1b with 3,5-bis(2-ethylhexyloxy)phenyl group a or 3,5-dihexyloxyphenyl group b,
respectively, and 2a with two butadiyne bonds substituted in the diagonal position among six
triple bonds of 1a. We also reported the size-selective inclusion of [9]CPP and [10]CPP in the
inner cavity of 1a and 2a, respectively, by edge-to-face CH—n interactions and the behavior of 1b
as 7 stacked dimer. Here, we report the synthesis of macylocycle 2b and the effect based on the

bulkiness of side chains on the self-association behaviors of 2.
Keywords: Anthracene; Macrocycle; m-Conjugation; m-Stacking, Cycloparaphenylene
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Synthesis and Structures of 2,9-Anthrylene Macrocyclic Compounds (School of Science,
Institute of Science Tokyo) OYuki Shigihara, Eiji Tsurumaki, Masahiro Yamashina, Shinji
Toyota

Macrocyclic 2,9-anthrylene oligomers were synthesized as new macrocyclic compounds, and
their structures and properties were investigated. Precursor 1 was prepared by Hartwig-
Miyaura borylation. The Suzuki-Miyaura coupling of 1 gave an oligomer mixture, which was
separated by recycling GPC to give cyclic trimer [3]CA and tetramer [4]CA in 8.4% and 7.2%
yields, respectively. The structures of [3]CA and [4]CA were confirmed by X-ray diffraction
analysis. Trimer [3]CA takes a distorted propeller-like structure with unusually close contacts
between the inner hydrogen atoms at ca. 1.7 A, whereas tetramer [4]CA takes a saddle-shaped
rigid structure. In the UV-vis and fluorescence spectra, absorption and emission bands of [3]CA
showed red-shift compared to those of [4]CA. This difference is attributable to the small
dihedral angles between the anthracene units in the trimer. The structures of properties of these
compound will be discussed on the basis of DFT calculations.

Keywords : Macrocyclic compounds, Anthracene, Suzuki-Miyaura cross coupling, Strain
structure, Single crystal X-ray structural analysis
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Fig. 1. (a) Synthesis and (b) X-ray structures of [3]CA and [4]CA.
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Synthesis and photophysical properties of a cyclic carbon-bridged oligo(phenylenevinylene)
derivative ('Graduate School of Science, Kanagawa University) OHikaru Kimura,! Masaya
Kouno,! Hyato Tsuji'

Cyclic n-conjugated molecules, such as those found in cycloparaphenylene (CPP), have
garnered significant attention due to their unique properties, which are not observed in their
corresponding linear molecules.! In this study, we synthesized cyclic molecules composed of
alternating oligomers of carbon-bridged oligo(phenylenevinylene) (COPV) and biphenylene
groups, which are rigid and highly luminescent dyes originally developed in our laboratory. We
also evaluated their basic physical properties.? The synthesis of these molecules was carried
out using a platinum catalyst, following a method developed by Yamago, where the final
product was obtained in a two-step procedure with a 7% yield.> Compared to the corresponding
linear polymer, the absorption wavelength was shifted by approximately 10 nm, and the
emission wavelength was shifted by about 20 nm.

Keywords : phenylenevinylene, photophysical properties, cyclic mw-conjugated molecules
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1) M. Ball, Y. Zhong, B. Fowler, B. Zhang, P. Li, G. Etkin, D. W. Paley, J. Decatur, A. K. Dalsania, H.
Li, S. Xiao, F. Ng, M. L. Steigerwald, C. Nuckolls, J. Am. Chem. Soc. 2016, 138, 12861.

2) H. Tsuji, E. Nakamura, Acc. Chem. Res. 2019, 52, 2939.

3) S. Yamago, Y. Watanabe, T. Iwamoto, Angew. Chem. Int. Ed. 2010, 49, 757.
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Synthetic Study of Tetraazakekulene Using Tetra-functionalized Dibenzo|[a,jJphenazine
(Graduate School of Engineering, Osaka University) O Fumiya Ogura, Youhei Takeda,
Satoshi Minakata

Azakekulenes, in which some sp>-carbon atoms in kekulene are replaced with sp?-nitrogen
atoms, are expected to exhibit enhanced electron-accepting properties, due to the high
electronegativity of nitrogen atoms. This makes them promising candidates for applications
such as n-type semiconductors. We focused on the U-shaped framework of dibenzophenazine
(DBPHZ) and have been exploring synthetic routes to azakekulenes utilizing DBPHZ as a
building block. In this study, to improve synthetic efficiency, we developed a dibenzophenazine
1 with four functional groups as a novel building block. Two sets of bromo groups for
cyclization through dimerization and siloxy groups for m-extension were introduced as
functional groups. Through Suzuki-Miyaura cross-coupling of 1 with another
dibenzophenazine derivative 2, a heterodimeric precursor for azakekulene has been
successfully synthesized.

Keywords:Kekulene;, Macrocycle, Heteroaromatic Compound, Phenazine
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Synthesis of Cyclic Dimer of U-shaped Dibenzophenazine for the Construction of Azakekulene

Skeleton (Graduate School of Engineering, Osaka University) ONaohiro Namba, Youhei
Takeda, Satoshi Minakata

Azakekulenes, in which sp® nitrogen atoms are embedded in the kekulene skeleton, are
expected to exhibit unique optical and electronic properties. However, the synthesis of these
compounds is extremely challenging due to the limited number of building blocks suitable for
the construction of the skeleton and their poor solubility in organic solvents caused by highly
planar molecular structure. We have explored the synthetic routes to novel azakekulenes by
utilizing U-shaped dibenzophenazines as building blocks.! As a result, we have succeeded in
improving the solubility of dibromo compounds and their derivatives in organic solvents by
introducing bulky aryl groups at the 6,8-positions of dibenzophenazine. We were able to
synthesize a cyclic dimer with good solubility as a precursor for azakekulene by utilizing these
building blocks.

Keywords : Kekulene;, Macrocycle; Nanographene; Heteroaromatic =~ Compounds;
Dibenzophenazine
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Synthesis and Property of Fluorine-Containing Cycloparaphenylenes with Octyl-Substituted
Carbazole Units

(University of Tsukuba) oSheng Zhe!, Takaki Kanbara', Junpei Kuwabara'

Cycloparaphenylenes (CPPs) are n-conjugated molecules in which multiple benzene rings are
cyclically linked in a para-position, exhibiting fascinating properties derived from their curved
n-conjugated systems. Previously, a fluorine-containing CPP with fluorene units (Flu-F-CPP)
was synthesized via a cyclic Pd complex intermediate V. In this study, for comparison, the
synthesis of a fluorine-containing CPP with carbazole units (Oct-Cbz-F-CPP) was targeted
(Scheme 1). A cyclic Pd complex was synthesized via Ag-mediated C-H bond cleavage and
subsequent transmetalation to Pd. By adding Xantphos and conducting the reaction under high
temperature, reductive elimination was achieved, yielding a cyclic trimer ([3]-Oct-Cbz-F-CPP)
and a cyclic tetramer ([4]-Oct-Cbz-F-CPP). The compounds were identified using NMR, mass
spectrometry, and single-crystal X-ray structure analysis. The presentation will highlight the
comparison of properties between Oct-Cbz-F-CPP and Flu-F-CPP.

Keywords : n-conjugated molecules, cycloparaphenylene, carbazole
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Synthesis of Discrete Carbon Nanomolecules Composed of Trifurcated Oligophenylene Units

via Macrocyclic Gold Complexes (Faculty of Science, Tokyo University of Science)
OKenshiro Kusumi, Hidetoshi Kawai, Yoshitaka Tsuchido

We developed multi-macrocyclic compounds using a CPP synthetic method via macrocyclic
gold complexes. A 1,3,5-tris(4-biphenylyl)benzene derivative with boronic acid groups at the
4-positions of terminal benzene rings was reacted with [Au,Cly(Cy.PCH,PCy,)] to form
macrocyclic gold complexes. Subsequent reductive elimination with PhICl, yielded
macrocyclic products comprising four or six 1,3,5-tris(4-biphenylyl)benzene units, which were
isolated by using a preparative GPC.

Keywords : Gold (I) Complex, Macrocyclic Compound, Self-Assembly
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[1]1Y. Tsuchido, K. Osakada et al. Angew. Chem. Int. Ed. 2020, 59, 22928. [2] S. Yamago et al. Nat.
Commun. 2013, 4, 2694.
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Synthesis of Dodecaalkoxy[6]cycloparaphenylenes with Planar Chirality and Magneto-
Chiroptical Properties of Their Oxidized Species

(Faculty of Science Tokyo University of Science) OFumiya Iwasaki, Naoki Narita, Kotaro
Matsumura, Hidetoshi Kawai, Yoshitaka Tsuchido

We synthesized [6]CPP derivatives with bulky alkoxy groups at the 2,5-positions in all benzene
rings. These compounds have pS/ pR enantiomers attributed the orientation of the substituents.
The enantiomers were successfully resolved by using HPLC, which indicates that the bulky
substituents prevent racemization via Ar-Ar rotation. The dicationic species produced by
chemical oxidations of the chiral [6]CPP derivatives showed a Cotton effect at the near infrared
region in the CD spectra and Faraday A term signals originating from the degenerate excited
states in the magnetic circular dichroism (MCD) spectra. We will also discuss the observations
of magneto-chiral dichroism (MChD) in the dicationic species.

Keywords : Cycloparaphenylene; Planar Chirality, In-Plane Aromaticity;, Magnetic Circular
Dichroism,; Gold (I) Complex
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122 < DBMEGFINRSH LM, ZOi{eE R
D3 7 VIR A TR U 72 1~
DHBIY 72V, BexEIAETII2 3
fHD> A R HAE AT H[6]CPP FHEIAR 1-0R (R = Me, Bu, CH,Cy)
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1) N. Narita, Y. Kurita, K. Osakada, T. Ide, H. Kawali, Y. Tsuchido, Nat. Commun. 2023, 14, 8091.
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Synthesis of a [9]Cycloparaphenylene Derivative with Orderly Introduced Multiple L-
Glutamic Acids (Faculty of Science, Tokyo University of Science) O Riho Matsushima,
Hidetoshi Kawai, Yoshitaka Tsuchido

In this study, we synthesized a [9]cycloparaphenylene (CPP) derivative, in which L-glutamic
acid units, were orderly introduced at the 2,5-positions of three benzene rings in the [9]CPP
framework, separated by two phenylene units. The CD spectra of this compound showed
solvent-dependent Cotton effects in the absorption band of the cyclic conjugated system of the
CPP due to the chiral carbons of the L-glutamic acids. In the presentation, host-guest chemistry
utilizing the amino acid units will also be reported.

Keywords : Cycloparaphenylene; Macrocyclic Compound; Amino Acid; Chiral Induction,
Host-Guest Chemistry
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Q)L DEART v 7Y LTI K 5 TERIC
LTz, B ol bamo CD A7 |
NERIE L E Z A, CPP ORI RIC
HR 3 DI I =y b R RSB S
Ni-. RS TFHNOT X BEEOEE LT @ oo |
Ar-Ar FEsMH S, HFDp-F—T ==L
=y FOERICERE Lzm AFENFE I NTZT=D oo
ThbHEEZDLILD. 5T CD M DORBRAFE
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Synthesis and Properties of Adamantane-annulated
Oligoparaphenylenes

(‘Graduate School of Science, Nagoya University, *Institute of Transformative-Biomolecules
(WPI-ITbM), Nagoya University, ’RIKEN, Cluster for Pioneering Research) OTran Chi Bach',
Yoshifumi Toyama', Kenichiro Itami*?, Akiko Yagi'*?

Keywords: Adamantane, Diamondoid, Multiple-Annulations

Oligo paraphenylenes (OPPs), comprised of multiple phenylene units linked in the para
position, are promising organic semiconductors and polymer fibers. However, due to their low
solubility and blue-shifted emission, their applications are still limited.' In 2023, we developed
a new method that has the potential to overcome challenges associated with OPPs named
"adamantane annulation". Using this method, starting from lithiated arenes and 4-
protoadamantanone, we were able to doubly link the 1,2-position of adamantanes to arenes,
creating more than 30 kinds of adamantane-annulated arenes (AAAs) featuring five- and six-
membered rings and up to two adamantanes annulated. Moreover, the obtained AAAs show
remarkable solubility in organic solvents compared to the corresponding pristine arenes.
Moreover, their absorption and fluorescence are red-shifted, and they can be oxidized to form
air-stable carbocations’.

With these promising results, we have extended this method to synthesize and characterize
adamantane-annulated OPPs to overcome the limitations of OPPs and explore the newly
synthesized adamantane-annulated OPPs' applications. In this presentation, the details of the
synthesis and physical properties of adamantane-annulated OPPs will be reported.

Previous Work: Adamantane-Annulated-Arenes (AAAs)’
1) n-BulLi @
@ O @O 2) 4-protoadamantanone ~ CF3COOH Q
" THF,-78°Ctort  DCE, reflux ‘O .
4-proto Br Br l
adamantanone

This Work: Adamantane-Annulated-Oligophenylenes

Novel oligoparaphenylenes with multiple adamantane annulations

1) M. Remmers, B. Miiller, K. Martin, H.-J. Ridder, W. K&hler, Macromolecules 1999, 32, 1073.
2) T. Yoshihara, H. Shudo, A. Yagi, K. Itami, J. Am. Chem. Soc. 2023, 145, 11754.
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Synthesis and properties of host—guest complex using nanobelts as a guest molecule
(‘Graduate School of Science, Nagoya University, *Institute of Transformative Bio-Molecules
(WPI-ITbM), Nagoya University, *RIKEN, Cluster for Pioneering Research) oDaiki Imoto,’'
Hideya kono,' Akiko Yagi,'* Kenichiro Itami**

Carbon nanobelts (CNBs) are rigid tubular molecules with highly fused aromatic rings.
Since the synthesis of (6,6)CNB by our group in 2017,!" the host—guest complexation behavior
of nanobelts has attracted much attention. In 2024, we reported the synthesis of a host—guest
complex of (6,6)CNB and perfluoro[12]cycloparaphenylene (PF[12]CPP)*?]. This complex
has remarkably high association constants, which originates from orbital interactions between
(6,6)CNB and PF[12]CPP. In addition, we successfully constructed a noncovalent double-
walled carbon nanotubes in crystal, which indicates the host—guest complexes of nanobelts can
lead to the creation of novel architecture. In this study, we synthesized and characterized host—
guest complexes of PF[12]CPP and methylene-bridged[6]CPP ([6]MCPP) . In addition to the
properties of the electron-neutral host—guest complex, the synthesis of the cationic complex
will be also reported.

FEGT v MEIEFRDNEEICHEER Lo, MIEZ2FEREEZ A T250 7 Th
%o 2017 FEZYSHFIEE T(6,6) 7 — R T 7 ~UL 1 ((6,6)CNBYD G Ak 23S AL S AT LA
e, L MEEICHORT DR RN R 2O T D, 2024 FI24HF0E
327 v#EY 7 nRT7 7 =1 (PFCPP)? L | (6,6)CNB 75 72 B ALK D Ak %
WS LB, AR P2 NI < LB EERICHRT 2mWatERE/T5
E0>, CEERORSZHIET L2 LIk, aP TSI ) T o — T
TDHZ Enbnolz, 7/~ M ERWEAEARDO G L0 #7 7e k%2 & R
ERAIRTE D E W LA CIX, BTEERT /LN THDL AT LU 4UE
[6]CPP ([6]MCPP)1 % % & |
e LTHWEEAER
(PF[12]CPP[6]MCPP) D A ik,
BiTolz, F£i2, BERNTF
A2 Ak T E D
[6]MCPP OMEE A5/ L., al

BIKONF A DA D e .
ok mEr. 2 PTI2ICPPOEIMCPP PF[12]CPP3([:]=M102;= (SbCle)n
MHELEDE THRET 5, ’

[1] Povie, G.; Segawa, Y.; Nishihara, T.; Miyauchi, Y.; Itami, K. Science 2017, 356, 172.

[2] Shudo, H.; Kuwayama, M.; Shimasaki, M.; Nishihara, T.; Takeda, Y.; Mitoma, N.;
Kuwabara, T.; Yagi, A.; Segawa, Y.; [tami, K. Nat. Commn. 2022, 13, 3713.

[3] Imoto, D.; Shudo, H.; Yagi, A.; Itami, K. Angew. Chem., Int. Ed. 2024, ¢202413828.

[4] Li, Y.; Segawa, Y.; Yagi, A.; Itami, K. J. Am. Chem. Soc. 2020, 142, 12850.

© The Chemical Society of Japan - [F12201-2pm-13 -



[F]2201-2pm-14 BAl24 H1055FE4 (2025)

ZEAFIIESVONS T ZLVDERENRE
2(5@:&?&%' « 2K WPL-ITbM? « BRAJF ) Ohnfg B ' - )UK Jif - '2 « Gt fl—AR

Synthesis and properties of multiply methylated cycloparaphenylene ('Graduate Schoool of
Science, Nagoya University, *WPI-ITbM, Nagoya University *Cluster for Pioneering Research,
RIKEN) OTomoki Kato," Akiko Yagi,"* Kenichiro Itami*”

Cycloparaphenylene (CPP) has unique properties and a wide range of potential applications
due to its strained cyclic conjugated system. In the past few decades, the chemistry of CPPs
has made significant progress, and a variety of CPP derivatives have been synthesized and
many functionalizations have been attempted. Recently, multifunctionalization of CPPs has
attracted attention.!'! These multifunctionalized CPPs have diverse properties depending on the
substituents, whose specific reactivity can serve as a platform for new nanorings and nanobelts.

In this study, we synthesized dodecamethyl[6]CPP, a CPP composed of ortho-xylene units
which was produced with all methyl groups facing outward (“out”) and one o-xylene unit with
two methyl groups facing inward (“in””). While [6]CPP is nonfluorescent, both isomers of
dodecamethyl[6]CPP are fluorescent. Experiments and quantum chemical calculations
revealed that these properties are attributed to the suppression of the rotation of the phenylene
unit by multiple methylation.

Keywords : Cycloparaphenylene, Methyl group.
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(1) (a) Golling, F. E. et al., Angew. Chem. Int. Ed. 2014, 53, 1525; (b) Cui, S. et al. Org. Chem. Front. 2019, 6,
1885; (¢) Shudo, H. et al., Nat. Commun. 2022, 13, 3713; (d) Shudo, H. et al., Chem. Commun. 2023, 59,
13494; (e) Narita, N. et al. Nat. Commun. 2023, 14, 8091; (f) Imoto, D. et al. Chem. Commun. 2024, 60, 12585.
(g) Shudo, H. et al. ChemRxiv, 2024, DOI 10.26434/chemrxiv-2024-zl1zl.
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A [12]isocollarene derivative: synthesis and properties of multiply substituted carbon nanobelt
(‘Graduate School of Science, Nagoya University, *Institute of Transformative Bio-Molecules

(WPI-ITbM), Nagoya University, *Institute of Chemistry, Academia Sinica, ‘RIKEN, Cluster for

Pioneering Research) OTsubasa Okumura,' Daiki Imoto,' Akiko Yagi,"* Takehisa Maekawa,’

Kenichiro Itami***

Nanobelt is an intriguing class of tubular molecules consisting of aromatic rings linked by
more than two bonds. Since our group first synthesized the (6,6)carbon nanobelt ((6,6)CNB)
in 2017, various nanobelts have been synthesized and studied to date. For further
advancement in nanobelt chemistry, syntheses of their derivatives by late-stage
functionalization are critically important. Although we reported the synthesis of cycloiptycenes
by multi-fold Diels—Alder reaction of (6,6)CNB,™ the late-stage functionalization of nanobelt
is yet challenging and only a few examples were reported. Herein, we report the synthesis and
properties of an [12]isocollarene derivative, which is afforded by 12-fold dearomative
esterification of (6,6)CNB.

Keywords @ nanobelt, dearomatization, esterification, late-stage functionalization, host—guest
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[1] Povie, G.; Segawa, Y.; Nishihara, T.; Miyauchi, Y.; Itami, K. Science 2017, 356, 172.
[2] Shudo, H.; Kuwayama, M.; Segawa, Y.; Itami, K. Chem. Sci. 2020, 11, 6775.
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