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Synthesis of 1,4-dihydropentalene derivatives by mechanochemical alkyne dimerization
(Graduate School of Science, Nagoya University) OKoya Hori, Yoshifumi Toyama, Hideto
Ito

Dibenzo[a,e]pentalene is relatively a stable anti-aromatic molecule,!" and their synthetic
methods using transition metal catalysts and alkali metals have been reported so far.) However,
synthesis of those hydrogenated analogues, i. e. 1,4-dihydrodibenzopentalenes, are less well
established than that of dibenzo[a,e]pentalene. Recently, we have reported mechanochemical
dehydrogenative cyclizations?! and Birch reductive arylation by utilizing lithium metal and a
ball-milling machine.! These reaction systems enabled efficient generation of aromatic anion
species by mechanochemical reaction.

Herein, we report a new synthetic method of 1,4-dihydropentalene derivatives by
mechanochemical dimerization reaction with lithium metal and arylacetylenes. The obtained
products are chiral m-conjugated compounds with C,> symmetry. In the presentation, we will
present the rapid synthesis of 1,4-dihydropentalenes with various structures, photophysical
properties as well as the reaction mechanism.

Keywords : Polycyclic aromatic hydrocarbon, Mechanochemical reaction, Dibenzopentalene,

n-Conjugation, Alkyne
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[1] (a) Z. U. Levi, T. Tilley, J. Am. Chem. Soc. 2009, 131, 2796. (b) M. Saito, M. Nakamura, T.
Tajima, M. Yoshioka, Angew. Chem. Int. Ed. 2007, 46,1504. (¢) T. Kuwabara, K. Ishimura, T.
Sasamari, N. Tokitoh, M. Saito, Chem. Eur. J. 2014, 20, 7571-7575.

[2] K. Fujishiro, Y. Morinaka, Y. Ono, T. Tanaka, L. T. Scott, H. Ito, K. Itami, J. Am. Chem.
Soc. 2023, 145, 8163.

[3] Y. Toyama, A. Yagi, K. Itami, H. Tto, Chemrxiv, Aug. 30", 2024. DOI: 10.26434/chemrxiv-
2024-ts4vf.
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Mechanochemical arene hydrogenation toward synthesis of periphery-hydrogenated
nanographenes and those properties

(*Graduate School of Science, Nagoya University, 2TOSOH CORPORATION Advanced Materials
Research Laboratory, SWPI-ITbM, Nagoya University, *RIKEN.)

oYoshifumi Toyama,' Takumu Nakamura,? Yuta Morinaka,> Yohei Ono,> Akiko Yagi,'* Kenichiro
Itami,?* Hideto Ito'

Peripherally hydrogenated nanographenes are anticipated to display favorable properties
including enhanced solubility and negative electron affinity compared to those mother molecules.
However, the synthesis of these molecules generally requires long reaction time under harsh
conditions such as high-pressure hydrogenation and high temperature, and the reaction often are
suffered from the low solubility of nanographenes. These issues have presented a significant
challenge to the synthesis of peripherally hydrogenated nanographene.

Herein, we developed a new approach utilizing rhodium-catalyzed mechanochemical
hydrogenation, which enables hydrogenation without the use of hydrogen gas. In the presentation,
we will present the rapid synthesis of various peripherally hydrogenated nanographenes by this
method as well as substrate scope and their unique physical properties.

Keywords: Mechanochemical reaction, Ball-milling, Polycyclic Aromatic Hydrocarbons (PAHs),
Hydrogenation, Hydrogenated nanographene
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[1] M. D. Watson, M. G. Debije, J. M. Warman, K. Miillen, J. Am. Chem. Soc. 2004, 126, 766.

[2] X. Yao, X. Y. Wang, C. Simpson, G. M. Paterno, M. Guizzardi, M. Wagner, G. Cerullo, F.
Scotognella, M. D. Watson, A. Narita, K. Miillen, J. Am. Chem. Soc. 2019, 141, 4230.

[3]Y. Wang, Z. Chang, Y. Hu, X. Lin, X Dou, Org. Lett. 2021, 23, 1910.
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Synthesis of a New Group of Hydrocarbons by Partial Hydrogenation of Adamantane-
Annulated Arenes

('School of Science, Nagoya University, *Graduate School of Science, Nagoya University,
3Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University)

OYaushin Horikawa,' Yoshifumi Toyama,? Daiki Imoto,? Hideto Ito,* Akiko Yagi**

Adamantane is a cage-shaped saturated hydrocarbon whose carbon skeleton can be found in
various functional materials. In 2023, our group has developed adamantane-annulation reaction
to arenes as a new method for modification of arenes using sp® carbon-skeleton.!"! It has been
found that the adamantane-annulation improves the solubility of arenes and provides stable
cationic species. In 2024, a novel three-dimensional saturated hydrocarbons have been
synthesized by hydrogenation of adamantane-annulated arenes using heterogeneous metal
catalysts./) Through these studies, we hypothesized that partial hydrogenation of adamantane-
annulated arenes would lead to the creation of arenes with a new sp carbon-annulated mode.

In this study, we developed a partial hydrogenation for adamantane-annulated biphenyls.
Several kinds of partially hydrogenated biphenyls were obtained by mechanochemical
hydrogenation using a ball-milling method, that was developed recently in our group.
Keywords : Adamantane, Annulation, Partial Hydrogenation, Mechanochemistry, Ball-milling
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[1] Yoshihara, T.; Shudo,H.; Yagi, A.; Itami, K. J. Am. Chem. Soc. 2023, 145, 11754.
[2] Toyama, Y.; Yoshlhara, T.; Shudo, H.; Ito, H.; Itami, K; Yagi, A. Chem. Lett. 2024, 53, upad037.
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Synthesis and Properties of Adamantane-Annulated Terthiophene ('Graduate School of
Science, Nagoya University, *WPI-ITbM, Nagoya University, "RIKEN) OHiroto Shogano,’
Kenichiro Itami,>* Akiko Yagi'~

Polythiophenes (PTs) are organic materials with high conductivity and mechanical strength.
However, PTs with numerous soluble substituents, represented by poly(3-hexylthiophene)
(P3HT), have problems such as limited conjugation length and lack of thermal stability.
Therefore, the synthesis of PTs with new modified structures are strongly demanded. In 2019,
Ohto, Iye, and Yamada showed that the s-cis fixed oligothiophenes have improved electrical
conductivity compared to conventional s-trans ones . In 2023, our group has developed a
method for annulating arenes to adamantane *!. It was found that adamantane-annulation
improves the solubility of arenes and produces stable cationic arenes, which are expected to be
further utilized. In this study, we synthesized bis-adamantane-annulated terthiophenes, where
three thiophene rings are fixed in the s-cis structure. The structural features and photophysical
properties were also investigated.

Keywords . Adamantane; Thiophene; Annulation; S-cis, Oligothiophene
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[1] Ohto, T.; Inoue, T.; Stewart, H.; Numai, Y.; Aso, Y.; Ie, Y.; Yamada, R.; Tada, H. J. Phys. Chem. Lett.
2019, 10, 5292. [2] Yoshihara, T.; Shudo, H.; Yagi, A.; Itami, K. J. Am. Chem. Soc. 2023, 145, 11754.
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Synthesis of Multiple Adamantanes-Annulated n-Extended Arenes ('Graduate School of

Science, Nagoya University,*Institute of Transformative Bio-Molecules (WPI-IThM), Nagoya
University, "RIKEN) OMiyuka Ogawa', Kenichiro Itami**, Akiko Yagi'?

Adamantane (CioHj¢) is a tricyclic saturated hydrocarbon with a strain-free rigid structure
and is widely used in various materials. In 2023, we developed a reaction for the annulation of
adamantane unit to arenes.' This method enabled the synthesis of over 30 kinds of adamantane-
annulated arenes, which exhibited properties such as high solubility and enhanced stability of
cation species. Beyond small n-systems, we are also interested in the properties of compounds
with larger m-extended frameworks or multiple adamantane-annulated structures.

In this work, we synthesized m-extended arenes with multiple adamantane-annulated
frameworks. Using a cyclodimerization reaction’ developed in our laboratory, followed by a
reductive cyclodehydrogenation,® we successfully synthesized the target molecules. In this
presentation, we also report the detailed optimization of the reaction conditions for
cyclodehydrogenation and the properties of the synthesized molecules.

Keywords : adamantane,; n-extended molecules ; annulation
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1) Yoshihara, T.; Shudo, H.; Yagi, A.; Itami, K. J. Am. Chem. Soc., 2023, 145, 11754.

2) Koga, Y.; Kaneda, T.; Saito, Y.; Murakami, K.; Itami, K. Science, 2018, 359, 435.

3) Fujishiro, K.; Morinaka, Y.; Ono, Y.; Tanaka, T.; Scott, L. T.; Ito, H.; Itami, K. J. Am. Chem. Soc.,
2023, 745, 8163.
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Synthesis and properties of a gigantic t-conjugated molecule containing a ten-membered ring
(‘Graduate School of Engineering, Nagoya University, >JST PRESTO)O Junichiro Hirano',
Hiroshi Shinokubo', Norihito Fukui'?

Construction of medium-sized rings in conjugated n-systems has been challenging, which
often requires multistep transformations with low chemical yields. In particular, n-conjugated
molecules containing relatively large medium-sized rings such as nine- and ten-membered
rings have been almost elusive. Recently, we reported the convenient synthesis of a ten-
membered macrocycle, i.e., cyclobisbiphenylenecarbonyl (CBBC), by cleaving the inner
double bond of dibenzochrysene. We also synthesized m-extended CBBC derivatives, in which
the original benzene units are extended to phenanthrene and dibenzochrysene. Here, we report
the extension of the benzene units to hexabenzocoronene, affording a gigantic non-planar m-

conjugated molecule consisting of 170 sp® carbon atoms.
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1) N.Fukui, et al., J. Am. Chem. Soc. 2024, 146, 29383-29390.
2) AR 104 FIEFFR, TREMEAKRT), 2024 43 A, E1113-4am-03
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Construction of nine-membered ring by inner-bond cleavage of n-conjugated hydrocarbon
('Graduate School of Engineering, Nagoya University, *JST PRESTO.) OTaito Moribe',
Junichiro Hirano', Hiroshi Shinokubo', Norihito Fukui'*

Various nonplanar r-conjugated molecules with seven- and eight-membered rings have been
reported so far. However, the construction of nine- and ten-membered rings consisting of only
sp” carbon remains difficult. Previously, two examples have been reported. In these cases, the
construction of nonplanar structures required multistep transformations, resulting in a low total
yield. We have recently reported that the oxidative inner-bond cleavage of
dibenzo[gp]chrysene affords a ten-membered macrocycle. Here, we apply this synthetic
strategy to dibenzo[e,g]fluoranthene, furnishing a nine-membered macrocycle.

Keywords : non-planer m-conjugated molecular, nine-membered ring, carbonyl group; -
extension
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1) Pittelkow, M. et al. J. Am. Chem. Soc. 2020, 142, 14058; Miao, Q. et al. Angew. Chem. Int. Ed. 2024,
63, €202402756.
2) Fukui, N, et al. J. Am. Chem. Soc. 2024, 146, 29383-29390.
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Synthesis and unique photophysical properties of [n]hexabenzotetracenophanes (‘Graduate
School of Science, Nagoya University, *“Department of Chemistry, Memorial University of
Newfoundland, *Integrated Research Consortium on Chemical Science (IRCCS), Nagoya
University, *Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University,
3Cluster for Pioneering Research, RIKEN oTakato Mori,' Parinaz Salari,? Suprio Chowdhury,’
Naoto Inai,' Takeshi Yanai,'** Hideto Ito,' Kenichiro Itami,*> Graham J. Bodwell®

[#]Cyclophanes, which consist of just one aromatic system and one bridge, have attracted
much interest due to their unique reactivity!l and physical properties derived from their strained
structures. In this work, we report the synthesis of new cyclophanes,
[7](10,21)hexabenzo|a,c,fg.j,l,op]tetracenophanes ([#]HBTphanes), by annulative n-extension
(APEX) reaction'” of [n](2,7)pyrenophanes.””) [#n]HBTphanes were found to adopt the
“butterfly” conformation, which differs from non-bridged HBTs, and showed enhanced
phosphorescence. Theoretical calculations revealed that the slight change in the conformation
of HBT affects the energy levels of molecular orbitals and excited states, resulting in the unique
photophysical properties.

Keywords : Cyclophane; APEX; Hexabenzotetracene; PAH; Nanographene
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[1] Zhang, X.; Mackinnon, M. R.; Bodwell, G. J; Ito, S. Angew. Chem., Int. Ed. 2022, 61, €202116585.
[2] (a) Matsuoka, W.; Ito, H.; Itam1 K. Angew. Chem., Int. Ed. 2017, 56, 12224. (b) Ozakl K.; Kawasumi, K.;
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