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Synthesis of face-to-face oligomers of antiaromatic compounds and elucidation of
their aromaticity

Yamashita, Ken-ichi
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In_this study, I aimed the observation of the inversion of aromaticity
through face-to-face stacking of antiaromatic compounds. | adapted isophorin derivatives, which are
two-electron reduced species of porphyrins, as antiaromatic compounds suitable for stacking. We
investigated the stabilization and aromaticity of unstable isophorin derivatives. Attempts to stack
the obtained antiaromatic isophorins by the metallation have been failed. | also investigated the
methods for the face-to-face staking of the stable aromatic analogues. As a result, synthesis of
rare-earth porphyrin double- and triple-decker complexes and covalently-linked face-to-face dimers
was achieved, and their structure and properties were also revealed. I also preliminary observed the

unusual emission behavior of the obtained antiaromatic compounds.



Hiickel 4n+2 4n

HHIBRER

2007 :
Fowler Stacked-Ring Aromaticity (SRA —— =
) C, S

REER RFEER 28B4k REER 3B

=SFER =>REER

Stacked-Ring Aromaticity (SRA)

SRA
2009
SRA
SRA
SRA
Stacked-Ring Aromaticity(SRA )
SRA
SRA
MNILITU> 1vyJau>

1815 &k 20nRREE

X=NH,Y=N X=Y=NH
NMR X X=0,Y=N X=0,Y=NH

X=8,Y=N =8, Y=

NICSAICD X=8. ¥ =NH




1

la

NMR DFT
1b
X a
b
SRA
SRA
©) (b)
- o == 1+
_H; _e'» _e; oxidation
< NMIH 1? W/M{{*‘w\ 4: < W/M{{‘\\QNR\ 4: < W/M{g\\r\ reduction
SN SN N5 i N
M"(por)porH)] " (pon)I” (™" (por)2]’ IM"(por)2]* ke peda

S. Lee, K. Yamashita, N. Sakata, Y. Hirao, K. Ogawa, T. Ogawa,* “Stable Singlet Biradicals of
Rare-Earth-Fused Diporphyrin-Triple-Decker Complexes with Low Energy Gaps and Multi-Redox
States”, Chem.—~Eur. J. 2019, 25, 3240-3243. [DOI: 10.1002/chem.201805927]

K. Yamashita,* K. Kataoka, H. Pham Qui Van, T. Ogawa, K. Sugiura* “Versatile and Catalyst-Free
Methods for the Introduction of Group-16 Elements at the meso-Positions of Diarylporphyrins by
the Aromatic Nucleophilic Substitution Reactions”, Asian J. Org. Chem., 2018, 7, 2468-2478.
[DOI: 10.1002/4j0c.201800538]

K. Yamashita,* T. Yamanaka, N. Sekata, T. Ogawa,* “Redox-Driven Symmetry Change for
Terbium (111) Bis(porphyrinato) Double-Decker Complexes by the Azimuthal Rotation of the
Porphyrin Macrocycles”, Chem. Asian J., 2018, 13, 1692—-1698. [DOI: 10.1002/asia.201800324]

Selected asan Front Cover



10.

11.

12.

13.

14.

15.

16.

Kasha 30 2019 9
[3 -
30 2019
9
(1,1,0,1,1,0)
99 2019 3

K. Yamashita, T. Yamanaka, N. Sakata, T. Ogawa Redox-Driven Symmetry Change for Terbium
(111) Bis(porphyrinato) Double-Decker Complexes by the Azimuthal Rotation of the Porphyrin
Macrocycles  The 79th Okazaki Conference ”Synthetic, Biological, and Hybrid Molecular
Engines” 2018 9
- B -
98 2018 3

98 2018 3
98 2018 3

K. Yamashita, N. Kuramochi, K. Sugiura, T. Ogawa Facile Synthesis, Structures and Guest
Binding Property of Resorcinol-Bridged Cofacial Porphyrin Dimers  International Workshop on
Molecular Architectonics 2018 2018 3
K. Furutani, K. Yamashita, T. Ogawa Inclusion Behavior of 2,7-Dihydroxynaphthalene-Bridged
Cofacial Cyclic Porphyrin Dimers Metal Complexes  International Workshop on Molecular
Architectonics 2018 2018 3
K. Yamashita, T. Yamanaka, N. Sakata, T. Ogawa Substituent-Dependent Control of the Azimuthal
Rotation Angle for Terbium Bis(porphyrinato) Double-Decker Complexes by Redox Changes and
the Outstanding Influence on Their Single-Molecule Magnet Behavior  International Workshop
on Molecular Architectonics 2018 2018 3
— — 2017

4 2017 12
K. Yamashita, T. Yamanaka, N. Sakata, T. Ogawa Substituent-Dependent Control of the Azimuthal
Rotation Angle for Terbium Bis(porphyrinato) Double-Decker Complexes by Redox Changes and
the Outstanding Influence on Their Single-Molecule Magnet Behavior 3rd International
Symposium on Center of Excellence for Innovative Material Sciences Based on Supramolecules
2017 10

67 2017 9
S. Lee, K. Yamashita, S. Yamashita, Y. Hirao, K. Ogawa, N. Sakata, N. Ishikawa, T. Ogawa
Controlling Single-Molecule Magnetic Property of Dinuclear Terbium Fused-Porphyrin
Complexes by Tuning the Electronic Structure 67 2017 9
S. Lee, K. Yamashita, S. Yamashita, Y. Hirao, K. Ogawa, N. Sakata, N. Ishikawa, T. Ogawa
Fused-Porphyrin  Terbium Complexes. Correlations Between Electronic Structure and
Single-Molecule Magnetic Property  The 231st Electrochemical Society Meeting (ECS 2017)
2017 5
K. Yamashita Facile Synthesis of Cofacial Porphyrin Oligomers Via the Catalyst-Free Aromatic
Nucleophilic Substitution Reactions  The 231st Electrochemical Society Meeting (ECS 2017)
2017 5



€y

@



