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ガルフ部位に窒素原子を有する非平面型アザコロネン類の合成と物性
Synthesis and Properties of Non-planar Azacoronene Derivatives with N-doped Gulf Sites
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Previous workIntroduction

Compounds 2a, 2b were synthesized via SNAr and successive Scholl reactions.
Compounds 2a, 2b were expected to take two conformations, and their single crystal structure showed a
twisted and bowl structure.

Synthesis

Oxidized species

Modifications of N-doped gulf-sites are in progress.

Summary and future work

[2a] = 110-5 M in CH2Cl2

Stepwise oxidation 
Oxidant: nitrosonium hexafluoroantimonate
in CH3CN
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2a 2a2+ 2a4+

A B C D E F
2-H -29.7 -16.6 7.9 3.0 -23.5 -21.6

2-H4+ -29.7 -14.0 4.1 -1.2 -3.1 -23.8

Negative value: aromatic
Positive value: antiaromatic

Diradical character for 2-H2+ and global aromaticity for 2-H4+ were suggested.

2-H

L: ligand

Planar 2D PAH

Hexapyrrolohexaazacoronene (HPHAC)

Hexabenzocoronene
(HBC)

M. takase, K. Müllen et al., Angew. Chem. Int. Ed. 2007, 46, 5524.

・Hückel aromaticity in dication state
・Multiple redox system

・Large π plane
・Self-assembly

Tuning of the electronic nature by
introduction of heteroatoms

Application for organic electronics 
as post-nanocarbon

Graphene

photovoltaic devices Field Effect Transistor
(OFET)

Charge transport via
π-π stack

Photovoltaic cell
(OPV)

W. Pisula et al., Chem. Mater. 2011, 23, 554.

Polycyclic aromatic hydrocarbon (PAH) Polycyclic heteroaromatic
molecule (PHA)Non-planar 3D PAHs
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HPHAC fused-OPN fused-DPA

fused-OPA 3
T. Matsunaga et al., 
To be submitted.

・Synthesis of non-planar azacoronenes derivatives with N-doped  gulf sites
fused-OPP B3LYP/6-31G(d)

Gulf site

This work

B3LYP/6-31+G(d)

ACID plots

2-H 2-H4+

Spin density of 2-H2+

y0 value: 0.95(twist 2-H2+), 0.94(ladder 3-H2+)

Spin density map

CASSCF: CASSCF(2,2)/6-31G(d)//RB3LYP/6-31G(d) 

MO for α-spin MO for β-spin

Energy differences of 2-H2+ & 3-H2+

Spin density: UB3LYP(BS)/6-31+G(d)//UB3LYP(BS)/6-31G(d)
The key word “guess = mix” was employed for the U state.
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1a

Cyclic voltammogram of 2a, 2b in CH2Cl2 (1.0 mM). Conditions: concentration, 1.0 mM; supporting
electrolyte, 0.1 M TBAPF6; working electrode, Pt; reference electrode, Ag/AgNO3; counterelectrode, Pt wire.

Redox properties 

scan rate: 10 mV/s scan rate: 100 mV/s

MALDI-TOF MS 

Modification of gulf-sites

2b2a

in CDCl3 
with N2H4 and D2O

in CD2Cl2 
with excess 

Ag(CF3SO2)2N

1H NMR spectra of 2b & 2b4+

GIAO/HF/6-311+G(d,p)//B3LYP/6-31G(d)

Downfield
Shift

2-H4+

Global
Aromaticity

fused-OPP B-N embedded fused-OPP

Crystal structures

Formula : C158H68F48N10,  Mw: 2994.25, T: 100 K, 
Crystal System: triclinic, Space Group: P ത1 (#2),
a: 19.5025(4), b: 19.5479(5), c: 23.0400(5),
α: 112.539(2), β: 90.284(2), γ: 115.835(2),
V: 7143.9(3), Z: 2, R1: 0.1050, wR2: 0.2816, GOF: 1.011

2a
Formula : C76H84N10・2(C6H5Cl), Mw: 1362.63, T: 100 K, 
Crystal System: orthorhombic, Space Group: F d d d (#70),
a: 13.3649(2), b: 30.1349(7), c: 72.1994(12),
α: 90, β: 90, γ: 90,
V: 29078.3(10), Z: 16, R1: 0.0736, wR2: 0.1895, GOF: 1.032

2b

Formula : C76H96N10,  Mw: 1149.62, T: 100 K, 
Crystal System: monoclinic, Space Group: P 21/c (#14),
a: 15.6723(3), b: 12.8666(2), c: 34.7666(6),
α: 90, β: 91.615(2), γ: 90,
V: 7007.9(2), Z: 4, R1: 0.0695, wR2: 0.1805, GOF: 1.034

1b 1a
Formula: C156H80F48N10,  Mw: 3006.30, T: 100 K, 
Crystal System: monoclinic, Space Group: P 2/c (#13),
a: 25.3839(4), b: 24.3233(3), c: 33.4923(6),
α: 90, β: 110.565(2), γ: 90,
V: 19361.0(6), Z: 4, R1: 0.0940, wR2: 0.3170, GOF: 1.065

Top view

Side view

Twisted form Bowl-shaped

・Polarity
・Lone pair
・Hydrogen 
bonding

etc.

Laddered form

・Structural and electrochemical analyses

Two non-planar
conformations

Intramolecular 
hydrogen bonding

3-Ha: 8.02 ppm

2-H2+ 3-H2+

ΔES-T(2-H2+) ＜ ΔES-T(3-H2+) High diradical property(2-H2+)
Effects of N-doped core?

2-H 3-H

B3LYP/6-31G(d)

Diradical dication


