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1H NMR spectra

ジベンゾチオフェン骨格を導入した八員環含有
湾曲ナノグラフェンの合成と物性

〇山本陽太1, 谷岡雄真2,和多海斗2, 森 重樹3, 奥島鉄雄2, 宇野英満2, 髙瀬雅祥2

（愛媛大理1, 愛媛大院理工2, 愛媛大ADRES3）

Previous workIntroduction This work

New azacoronene derivative

We obtained their crystal structures and revealed the ladder structure.
中心骨格をアントラセンからフェナジンに変えることで、ツイスト配座が安定になると予想され、単結晶構造はお椀型構造
を示した。

Cyclic voltammogram of 3a 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; scan rate, 100 mV/s.

Synthesis

LDI-TOF MS

Stepwise oxidations of 3a

Oxidized species

Oxidant: Magic blue in CH3CN

Modification of gulf-edge

Optical properties

Spin Density of 5b2+

in CH2Cl2

22 2
Weak global 
aromaticity

B3LYP/6-31+G(d)

y0=
isovalue : 

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

NICS(0) calculation
(HPHAC-H)

[3a] = 110-5 M in CH2Cl2

isovalue : 0.0004

Electron rich
(negative)

Electron poor
(positive)

B3LYP/6-31G(d)

Summary

Packing view

7.549 Å

Edge structure of graphene

NICS(0) calculation
(HPHAC-H)

Redox properties Frontier MOs 

Property of C-N bond 

C-C、C=Cとは異なった光学特性
(吸収の長波長化、発光等)

neutral form dication form

K. Oki et al., J. Org. Chem. 2021, 86, 5102.

Hexapyrrolohexaazacoronene

有機エレクトロニクスへの応用

HPHAC
Global 22 aromatic 

• ジカチオン状態でグローバル芳香族性
を示す

• 多段階の可逆な酸化還元過程を持つ

Local 6 aromatic 

n A B C D E F

3-H

0 -9.9 3.2 1.3

±1* 1.4 -0.1 -9.4

1zz 8.0 4.3

-H

0 0.7 -2.3 -3.6

±1* -0.3 -3.1 -4.5

1zz 4.2 -2.4 -4.8

3-H 3-H4+

Diradical properties of 3a2+

y0 value: 0.85 

Spin density map

R(U)B3LYP/6-31G(d)//RB3LYP/6-31G(d)
The key word “guess = mix” was employed for the U state.
CASSCF: CASSCF(2,2)/6-31G(d)//RB3LYP/6-31G(d) 

42π 
Weak global 
aromaticity

NO+ SbF6
-

Physical properties

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

Formula: C158H70F48N8,  Mw: 2992.22, T: 100 K, 
Crystal System: monoclinic, Space Group: P 21/c (#14),
a: 13.0136(4), b: 23.6819(6), c: 23.5339(7),
α: 90, β: 95.457(3), γ: 90,
V: 7220.0(4), Z: 2, R1: 0.0948, wR2: 0.2682, GOF: 1.097

Top view

1

N-fOPA 3a

c

b

Packing view

Strain of core structure

DFT計算から 3a2+におけるジラジカル性、 3a4+におけるグローバル芳香族性の発現が示唆された。

α2-H: 8.7 ppm (1H NMR)

LUMO HOMO

L+1

L+2 H-2

2.92 eV

fOPP 3a
R = 4-

trifluoromethylphenyl
Chemical Formula: 
C156H68F48N10

Exact Mass: 
2992.49

Molecular Weight: 
2994.25

α-spin β-spin

fOPP 3a

(OPP 2)

L: ligand
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Cyclic voltammogram of 3a in CH2Cl2. Conditions: concentration, 1.0
mM; supporting electrolyte, 0.1 M TBAPF6; working electrode, Pt;
reference electrode, Ag/AgNO3; counterelectrode, Pt wire; scan rate,
100 mV/s.

H-1

Restricted

singlet
Unrestricted

singlet

Triplet

5.82 kcal / mol

Triplet ground state

Spectroelectrochemistry of 3a

0.1 M TBAPF6 in CH2Cl2

Side view

OPDBT 2a f-OPDBT 3a

2a 3a

2a 3a20.93° 41.54°

Formula: C₇₆H₉₆N₈S, Mw: 1139.61,T: 100 K

monoclinic, space group C2/c

a: 24.4451(6),  b : 19.6837(4),c : 28.2010(8),

α: 90, β: 94.784(2),γ:  90

V: 13522.2(6) Å3, Z: 8, R₁: 0.1007, wR₂: 0.1820

Formula: C₇₆H₈₂N₈S, Mw: 1153.66 T: 100 K

monoclinic, space group C2/c

a:14.8638(10), b:28.9102(14), c:15.6006(10),

α: 90, β: 101.390(7), γ: 90

V: 6571.8(7) Å3, Z: 4, R₁: 0.0986, wR₂: 0.2473

n A B C D E F G H I J

-
0

1*

H

0

1* 13 -4

H

0

1*

2.0 eq.

4.0 eq.

Oxidant: nitrosonium hexafluoroantimonate
Oxidant in CH3CN

[3a] 2.0 eq 4.0 eq

[3a] = 210-5 M in CH2Cl2

2.0 eq.

15.0 eq.

Addition of 

NOSbF6

[3a] = 210-5 M in CH2Cl2

add NOSbF₆[3a] 2.0 eq

0.02 V (vs. Fc/Fc+)

0.42 V (vs. Fc/Fc+)

no potential

A
b

s
.

A
b

s
.

Photovoltaic cell
(OPV)

[4]Circulene

[7]Circulene

Core 

expansion

Nonplanar π-expanded HPHACs

◆ Formation of 8-membered ring via SNAr reaction and Scholl reaction 

◆ Investigation of structural and physical properties 

HOMO

H-1

H-2

LUMO

L+2 L+1

A. Suleymanov et al., 

Org. Lett. 2024, 26, 5227. 

A
b

s
.

◆ Compound 3a was synthesized via SNAr reaction and Scholl reaction.

◆ DFT calculations suggested that dication 3a2+ has a triplet ground state and 3b2+ has a singlet ground state.

◆ We are currently working on the isolation of 32+ and investigation of its diradical properties.

1138.6377

1139.6411

1140.6446

1138.6378

1139.6409

1140.6429

1141.6444

Expt.

Calcd.

1138.6377

1141.6486

Oxidant: AgN(SO2CF3)2 in CH3CN

8

SNAr reaction

Scholl reaction

Formation of 

-membered ring

f-OPDBT

m/z =  1138.6383

HPHAC

1a

Dihedral angle

✓ Global aromaticity in 

the dication state 

✓ Reversible oxidation

K. Geramita et al.,

J. Org. Chem. 2009, 74, 820.

Neutral form Dication form

Hexapyrrolohexaazacoronene Global 22π aromatic

ΦPL = 2.3%

Potential (Fc vs Fc+)

X = S,O,N,P,Si,B

Modification of heteroatom 

M. Takase et al.,

 Angew. Chem. Int. Ed. 2007, 46, 5524.

Application for organic electronics

Planar HPHAC

K. Oki et al., 

J. Org. Chem. 2021, 86, 5102.

K. Oki et al., 

J. Am. Chem. Soc. 2018, 140, 10430.

Core 

expansion

Nonplanar π-expanded HPHACs

A. Suleymanov et al., 

Org. Lett. 2024, 26, 5227. 

B3LYP/6-31G(d)

y0 value : 0.94 (Ladder), 0.96 (Twist)
Spin density map

MO for α-spin MO for β-spin

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

OPDBF 2b 1b

Entry Base Eq.(base) Solvent Temp. Time Product

1 NaH 20 DMF 80 15 h 4c

2 Cs2CO3 12 CH3CN 80 15 h
6, 7, 8 

sub

3 Cs2CO3 12 DMF 80 15 h 6, 7 sub

4 NaH 8 DMF 80 15 h
6, 7, 8 

sub

entry base solvent temp. time

1 NaH 20 DMF 80 15 h

2 12 CH3CN 80 15 h

3 12 DMF 80 15 h 6.7 sub

4 NaH 8 DMF 80 15 h

Synthesis of 2C

Diradical properties of 3b2+

y0 value: 0.79 

Spin density map

R(U)B3LYP/6-31G(d)//RB3LYP/6-31G(d)
The key word “guess = mix” was employed for the U state.
CASSCF: CASSCF(2,2)/6-31G(d)//RB3LYP/6-31G(d) 

α-spin β-spin
Restricted

singlet

Unrestricted

singlet

Triplet

2.0 kcal / mol

Singlet ground state

Optical properties of 3a

3.3 kcal / mol

17.25°

Formula: C36H24F2N6O, Mw: 594.61 T: 100 K

monoclinic, space group P -1

a:10.1673(4),  b:11.9814(6), c:12.9032(7),

α: 68.569(5), β: 76.487(4), γ: 73.873(4)

V: 1390.15(13) Å3, Z: 2, R₁: 0.0589, wR₂: 0.1533

X-ray crystal structures

Crystal structures

Moleculer structures

3a: X = S

3b: X = O

b: R = Et

c: R = H 

Formula: C44H33FN8O, Mw: 708.78 T: 100 K

monoclinic, space group P21/n

a:12.2462(4),  b:23.8072(6), c:12.6086(4),

α: 90, β: 98.780(3), γ: 90

V: 3632.93(19) Å3, Z: 4, R₁: 0.0589, wR₂: 0.1277

3b

3b

3b

T. Matsunaga et al.,

 Org. Lett. 2025, 27, 11005.

Calculated structuresCrystal structures

6c

Spin density of f-OPA-H2+

2c

◆ CV and DPV measurements of 3a revealed four-step redox response.

4c

5c

Formula: C36H24F2N6O, Mw: 594.61 T: 100 K

monoclinic, space group P -1

a:8.7737(5),  b:12.9670(6), c:16.619(1),

α: 108.498(5), β: 97.123(5), γ: 96.161(4)

V: 1757.45(19) Å3, Z: 2, R₁: 0.0865, wR₂: 0.2340

Crystal structures of 4c–6c

Obtained structures B3LYP/6-31G(d)


