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Instrumentation and Materials  
1H NMR (500 MHz), 13C NMR (126 MHz) and 11B NMR (160 MHz) spectra were recorded on a Bruker AVANCE III 

HD spectrometer, and chemical shifts were reported as the delta scale in ppm relative to CDCl3 (d = 7.260 ppm) and 

DMSO-d6 (d = 2.500 ppm) for 1H NMR, CDCl3 (d = 77.16 ppm) and DMSO-d6 (d = 39.52 ppm) for 13C NMR and 

BF3•OEt2 (δ = 0.00 ppm) for 11B NMR respectively. UV/vis absorption spectra were recorded on a JASCO V670 

spectrometer. Emission spectra were recorded using a JASCO FP-6500 spectrometer, and absolute fluorescence 

quantum yields were measured by the photon-counting method using an integration sphere. Mass spectra were recorded 

on a Bruker microTOF using positive mode for acetonitrile solutions with APCI-TOF methods for 3 and 4, ESI-TOF 

method for anti-1 and syn-1 respectively. Melting points were measured by a SRS MPA100 OptiMelt Automated 

Melting Point System. Redox potentials were measured by cyclic voltammetry method on an ALS electrochemical 

analyzer model 612C. The DSC measurement was recorded using NETZSCH DSC3500 Sirius at a heating rate of 10 K 

min�1. Unless otherwise noted, materials obtained from commercial suppliers were used without further purification. All 

of reactions were conducted under argon atmosphere. 2,7-Diazapyrene 2 was prepared according to the reported 

procedure.S1� �

�  
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Preparation of 1,3,6,8-tetrakis(2-methoxyphenyl)-2,7-diazapyrene (3) 

 
 In a 50 mL J-Young tube was placed K3PO4 (340 mg, 1.6 mmol) and then heated under the reduced pressure 

(120 °C, 1.0 Torr) for 1 h. After drying, 2 (60.4 mg, 0.10 mmol) and 2-methoxyphenylboronic acid (284.5 mg, 1.6 

mmol) were added to the tube. In the glove box, Ni(cod)2 (11.1 mg, 0.040 mmol), tricyclohexylphosphine (22.3 mg, 

0.080 mmol), and toluene (3 mL) were added to the tube. The reaction mixture was stirred for 12 h at 80 °C. The 

resulting solution was filtrated thorough celite. After the filtrate was concentrated in vacuo, the residue was purified by 

column chromatography (amino-SiO2) with CH2Cl2/hexane (1/1) to give 3 ( 18.8 mg, 0.030 mmol, 30% yield). 

3: A pale yellow solid, m.p. 225.8 °C (decomp.). 1H NMR (CDCl3 at 50 °C): d 7.83 (s, 4H), 7.61 (br, 4H), 7.46 (dt, J = 

1.8 and 8.0 Hz, 4H), 7.15 (t, J = 7.4 Hz, 4H), 7.08 (d, J = 8.1 Hz, 4H), 3.71 (s, 12H). 13C NMR (CDCl3): d157.8, 151.7, 

132.6, 130.0, 129.7, 127.9, 126.4, 124.3, 121.2, 111.7, 55.9. HRMS(APCI) Calcd. For C42H33N2O4 [M+H]: 629.2435. 

Found: 629.2439. 

 

Demethylation of 3 to 4. 

 
 In a test tube were placed 3 (62.9 mg, 0.10 mmol) and pyridine hydrochloride (1.85 g, 16 mmol). The mixture was 

stirred for 5 h at 200 °C. Aqueous solution of NaHCO3 (50 mL) was added to the reaction mixture, and the resulting 

solution was extracted with EtOAc (50 mL × 3). The combined organic layer was dried over Na2SO4 and concentrated 

in vacuo. The residue was purified by column chromatography (SiO2) with CH2Cl2/EtOAc (10/1) to give 4 (48.1 mg, 

0.084 mmol, 84% yield)  

4: A pale yellow solid, m.p. 250.8 °C (decomp.). 1H NMR (DMSO-d6 containing 0.05% of TMS): d 9.99 (s, 4H), 8.04 

(s, 4H), 7.56 (dd, J = 1.7 and 7.6 Hz, 4H), 7.40 (dt, J = 1.7 and 7.8 Hz, 4H), 7.09 (dd, J = 0.9 and 8.2 Hz, 4H), 7.05 (dt, 

J = 1.0 and 7.5 Hz, 4H). 13C NMR (DMSO-d6 containing 0.05% of TMS): d155.3, 151.0, 132.0, 130.1, 127.5, 126.2, 

125.7, 122.8, 119.2, 116.2. HRMS(APCI) Calcd. For C38H24N2O4 [M]: 572.1731. Found: 572.1737.  
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Complexation of 4 with BBr3 and Grignard reagent (method A). 

 

 A 20 mL Schlenk tube containing 4 (28.6 mg, 0.050 mmol) was evacuated and then refilled with N2. To the tube, 

BBr3 (10.8 mmol, 12 mL, 17% CH2Cl2 solution) was added at 0 °C. The mixture was stirred at r.t. for 5 h. The volatiles 

were removed in vacuo and the tube was refilled with N2. To the tube, dry and degassed toluene (2 mL) was added. To 

the solution, phenylmagnesium bromide (0.30 mmol, 0.33 mL, 0.89 M THF solution) was added at 0 °C. After stirring 

at room temperature for 18 h, 20 mL of 1 M aq. HCl was added to the solution. The aqueous layer was separated and 

extracted with dichloromethane (20 mL × 3). The combined organic layer was concentrated in vacuo. The residue was 

purified by column chromatography (SiO2) with CH2Cl2 to give anti-1 (21.6 mg, 0.029 mmol, 58% yield) and syn-1 

(2.60 mg, 0.0035 mmol, 7% yield) 

anti-1: A pale yellow solid. 1H NMR (CDCl3): d 9.03 (s, 4H), 7.99 (dd, J = 1.4 and 7.9 Hz, 4H), 7.44 (td, J = 1.5 and 

7.8 Hz, 4H), 7.23 (dd, J = 1.1 and 8.2 Hz, 4H), 7.15 (dd, J = 1.6 and 7.5 Hz, 4H), 7.05 (td, J = 1.1 and 8.1 Hz, 4H), 

6.97-6.93 (m, 6H). The 13C NMR spectrum of anti-1 was not measured because anti-1 was not soluble enough to show 

detectable signals.11B NMR (CDCl3): d6.65. HRMS(ESI) Calcd. For C50H31N2O4B2 [M+H]: 745.2480. Found: 

745.2479. 

syn-1: A pale yellow solid. 1H NMR (CDCl3): d 8.30 (s, 4H), 7.60 (d, J = 7.3 Hz, 4H), 7.24 (td, J = 1.4 Hz, 7.8 Hz, 4H), 

7.00 (td, J = 1.1 Hz, 7.6 Hz, 4H), , 6.88-6.80 (m, 14H). 13C NMR (CDCl3): d156.6, 144.5, 135.0, 132.3, 131.6, 130.2, 

129.3, 129.0, 127.3, 126.9, 122.6, 121.3, 120.9, 120.1. 11B NMR (CDCl3): d6.07. HRMS(ESI) Calcd. For 

C50H31N2O4B2 [M+H]: 745.2480. Found: 745.2466.  

 

Complexation of 4 with phenylboronic acid (method B). 
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In a 20 mL Schlenk tube, 4 (28.2 mg, 0.050 mmol) and phenylboronic acid (48.7 mg, 0.40 mmol) were dissolved in 

benzene (2 mL). Triethylamine (0.18 mL, 2.0 mmol) was added and the reaction mixture was stirred at 90 °C for 12 h. 

The resulting solution was evaporated to remove solvents. The residue was purified by column chromatography (SiO2) 

with CH2Cl2 to give anti-1 (3.75 mg, 0.0050 mmol, 10% yield) and syn-1 (23.1 mg, 0.031 mmol, 68% yield). 
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X-Ray Diffraction Analysis 

Crystals suitable for X-ray analysis of anti-1 and syn-1 were obtained by recrystallization from chlorform and 

toluene/octane, respectively. X-ray diffraction data for anti-1 and syn-1 were taken on a Rigaku CCD diffractometer 

(Saturn 724 with MicroMax-007) with Varimax Mo optics using graphite monochromated Mo-Kα radiation (λ = 

0.71075 Å). All non-hydrogen atoms were refined with anisotropic displacement parameters and hydrogen atoms were 

placed in idealized positions and refined as rigid atoms with the relative isotropic displacement parameters. 

Crystallographic data for the structures of anti-1 and syn-1 have been deposited with the Cambridge Crystallographic 

Data Centre as supplementary publication nos. CCDC 2045674 (anti-1) and CCDC 2045675 (syn-1). These data can be 

obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
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Table S1 Crystallographic Data for anti-1 and syn-1.

 

Compound 

Formula        

Formula weight (Mw)  

Crystal system  

Space group  

Crystal color  

Crystal description  

a [Å]  

b [Å]  

c [Å]  

α [°]  

β [°]  

γ [°]  

V [Å3]  

Z 

dcalcd [g cm–3] 

R1 (I > 2σ(I)) 

Rw (all data) 

GOF  

Temperature [K]  

Structure solution  

 

Structure refinement 

 

 

 

anti-1 

C50H30B2N2O4 

744.42 

triclinic 

P–1 

Orange 

Prism 

9.5439 (2) 

10.6657 (2) 

14.8023 (3) 

86.851 (2) 

73.687 (2) 

74.975 (2) 

1396.40 (5) 

2 

1.595 

0.0634 

0.1579 

1.097 

93 

SHELXT-2014/7 (Sheldrick, 

2014) 

SHELXL-2014/7 (Sheldrick, 

2014) 

 

 

syn-1 

C50H30B2N2O4 

744.42 

orthorhombic 

P21212 

Pale yellow 

Prism 

17.5029 (4) 

11.0272 (3) 

6.7696 (2) 

90 

90 

90 

1306.59 (12) 

4 

1.323 

0.0943 

0.3216 

1.088 

93 

SHELXT-2014/7 (Sheldrick, 

2014) 

SHELXL-2014/7 (Sheldrick, 2
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Variable-Concentration and Variable-Temperature 1H NMR measutrements 
1H NMR (500 MHz) spectra were recorded on a Bruker AVANCE III HD spectrometer, and chemical 

shifts were reported as the delta scale in ppm relative to CDCl3 (d = 7.260 ppm). 

 

Fig. S1. Curve fitting of syn-1 in CDCl3 at different temperatures. 

 

 
Fig. S2. van’t Hoff plots of syn-1 in CDCl3. 
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Table S2. Summary of chemical shifts of Ha of syn-1 in CDCl3, calculated association constants (K2), and 
calculated chemical shifts of Ha proton for oligomer (do) and monomer (dm). 

 

 

  

Conc. (mM) 30 °C 35 °C 40 °C 45 °C 50 °C 55 °C

8.2569
± 0.0003

8.2590
± 0.0004

8.7705
± 0.003

8.2613
± 0.0006

8.7926
± 0.003

8.2601
± 0.0003

8.8121
± 0.004

8.8022
± 0.004

8.7945
± 0.002

8.2655
± 0.0004

8.7949
± 0.004
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± 0.0007δd

δm

K2
7311 
 ± 184

7080 
 ± 189

5912 
 ± 94

8.2857

8.2965

8.3022

8.3090

8.3165

8.3400

8.3706

8.4583

8.2900

8.3017

8.3079

8.3151

8.3234

8.3486

8.3812

8.4734

8.2944
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8.3135

8.3218

8.3304

8.3573

8.3920

8.4892

8.2993

8.3129

8.3197

8.3282

8.3376

8.3664

8.4037

8.5036

8.3042

8.3185

8.3262

8.3353

8.3454

8.3759

8.4154

8.5187

8.3087

8.3245

8.3328

8.3425

8.3532

8.3859

8.4271

8.5354

12

6.0

4.5

3.4

2.5

1.3

0.6

0.2

14497 
 ± 351

12750 
 ± 350

9700 
 ± 169
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Absorption and Fluorescence Spectra. 

UV/vis absorption and fluorescence spectra were recorded on a JASCO V670 spectrometer and a 

JASCO FP-6500 spectrometer, respectively. Absolute fluorescence quantum yields were measured by the 

photon-counting method using an integration sphere. Dilute solutions in distilled solvent in a 1 cm square 

quartz cuvette were used for the absorption and fluorescence measurements. 

 

 
Fig. S3. Absorption spectra in CH2Cl2 (black line) and fluorescence spectra in CH2Cl2 (red line) of 3, 4, 

anti-1 and syn-1. 4 exhibited no fluorescence in CH2Cl2.    

400250

1.0

2.0

3.0

4.0

ε/
10
4 M

—
1 c
m
—
1

800
0

λ / nm

anti1

600

5.0

6.0

N
orm

alized intensity

400250

1.0

2.0

3.0

4.0

ε/
10
4 M

—
1 c
m
—
1

800
0

λ / nm

syn-1

600

5.0

6.0

N
orm

alized intensity

400250

1.0

2.0

3.0

4.0

ε/
10
4 M

—
1 c
m
—
1

300
0

λ / nm

3

600

5.0

N
orm

alized intensity

500 400250

1.0

2.0

3.0

4.0

ε/
10
4 M

—
1 c
m
—
1

300
0

λ / nm

4

600

5.0

500



� � ��

Table S3. Excited Wavelength and Fluorescence Quantum Yields of 3, 4, anti-1 and syn-1 in CH2Cl2. 

 

 

 

Electrochemical Measurement 

 Electrochemical measurements were recorded on ALS electrochemical analyser 612C. Measurements 
were performed in dehydrated THF with tetrabutylammonium hexafluorophosphate as an electrolyte (0.1 
M). A glassy carbon electrode, a platinum wire and Ag/AgClO4 were used as working, counter, and 
reference electrodes, respectively. The scan rate was 100 mVs–1. The measurements were performed 
under nitrogen atmosphere. All potentials are referenced to the potential of ferrocene/ferrocenium cation 
couple. 

 

Fig. S4. Cyclic voltammogram of 5, anti-1 and syn-1 in THF. 
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Table S4. Redox potentials of anti-1 and syn-1 in THF (V vs Fc/Fc+). 

�  

 

 

DSC measurement 

 The DSC measurement was recorded using NETZSCH DSC3500 sirius at a heating rate of 10 K min�1. 

 

 

Fig. S5. The DSC curve of anti-1. 
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Theoretical calculations 

All calculations were performed using the Gaussian 09 program.S2 Initial geometries were obtained from 

the X-ray structure. Full optimization was performed without any symmetric restriction with Becke's 

three-parameter hybrid exchange functional and the Lee-Yang-Parr correlation functional (B3LYP)S3 and 

the 6-31G(d) basis set for C, H, N, B and O atoms. The electrostatic potential map of syn-1 was 

calculated from X-ray structure without optimization. The vibrational frequencies were calculated at the 

same level to check whether each optimized structure is an energy minimum (no imaginary frequency) or 

a transition state (one imaginary frequency) and to evaluate its zero-point vibrational energy (ZPVE) and 

thermal corrections at 298.15 K. The intrinsic reaction coordinates (IRC) were calculated using the global 

reaction route mapping (GRRM17) programS4 to track minimum energy paths from transition structures 

to the corresponding local minima. 

 

 

Fig. S6. Electrostatic potential map of syn-1 dimer. (a) top view and (b) side view of syn-1 dimer 

calculated at B3LYP/6-31G(d) level of theory. 
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Fig. S7. Absorption spectrum of anti-1 in CH2Cl2 and oscillator strengths calculated at the 

B3LYP/6-31G(d) level of theory. 
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Table S5. Calculated exited wavelengths (λ) and oscillator strengths (f) of selected transitions of anti-1.� �

Total energy = �2383.71732843 [Hartree] 

�

���������������������������������������
Excited State   1:         Singlet-A      2.3689 eV  523.38 nm  f=1.0111  <S**2>=0.000
HOMO ->LUMO          0.70182

Excited State   2:         Singlet-A      2.3907 eV  518.61 nm  f=0.2396  <S**2>=0.000
HOMO ->LUMO+1 0.70097

Excited State   3:         Singlet-A      2.8838 eV  429.93 nm  f=0.0000  <S**2>=0.000
HOMO–1 ->LUMO      0.70194

Excited State   4:         Singlet-A      2.8994 eV  427.62 nm  f=0.0000  <S**2>=0.000
HOMO–2 ->LUMO       0.69026
HOMO–1 ->LUMO+1   -0.13576

Excited State   5:         Singlet-A      2.9063 eV  426.60 nm  f=0.0455  <S**2>=0.000
HOMO–3 ->LUMO        0.70310

Excited State   6:         Singlet-A      2.9412 eV  421.55 nm  f=0.0000  <S**2>=0.000
HOMO–2 ->LUMO        0.13738
HOMO–1 ->LUMO+1    0.68443

Excited State   7:         Singlet-A      3.0387 eV  408.02 nm  f=0.0333  <S**2>=0.000
HOMO–3 ->LUMO+1    0.70113

Excited State   8:         Singlet-A      3.0409 eV  407.73 nm  f=0.0000  <S**2>=0.000
HOMO–2 ->LUMO+1    0.70015

Excited State   9:         Singlet-A      3.1461 eV  394.09 nm  f=0.0421  <S**2>=0.000
HOMO–4 ->LUMO        0.69865

Excited State  10:        Singlet-A      3.2097 eV  386.28 nm  f=0.0000  <S**2>=0.000
HOMO–5 ->LUMO        0.70204

Excited State  11:        Singlet-A      3.2595 eV  380.38 nm  f=0.0311  <S**2>=0.000
HOMO–4 ->LUMO+1    0.69046

Excited State  12:        Singlet-A      3.2730 eV  378.81 nm  f=0.0557  <S**2>=0.000
HOMO–6 ->LUMO        0.70100

Excited State  13:        Singlet-A      3.3263 eV  372.74 nm  f=0.0000  <S**2>=0.000
HOMO–8 ->LUMO        0.70269

Excited State  14:        Singlet-A      3.3268 eV  372.68 nm  f=0.0061  <S**2>=0.000
HOMO–7 ->LUMO        0.70281

Excited State  15:        Singlet-A      3.3295 eV  372.39 nm  f=0.0000  <S**2>=0.000
HOMO–5 ->LUMO+1    0.69740

Excited State  16:        Singlet-A      3.3875 eV  366.00 nm  f=0.0088  <S**2>=0.000
HOMO–6 ->LUMO+1    0.69256

Excited State  17:        Singlet-A      3.4314 eV  361.32 nm  f=0.0000  <S**2>=0.000
HOMO ->LUMO+2        0.68688

Excited State  18:        Singlet-A      3.4580 eV  358.54 nm  f=0.0004  <S**2>=0.000
HOMO–7 ->LUMO+1    0.69872

Excited State  19:        Singlet-A      3.4583 eV  358.51 nm  f=0.0000  <S**2>=0.000
HOMO–8 ->LUMO+1    0.69560

Excited State  20:        Singlet-A      3.6706 eV  337.77 nm  f=0.0000  <S**2>=0.000
HOMO–9 ->LUMO        0.57777
HOMO ->LUMO+3        0.40015
����������������������������������������
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 Fig. S8. Absorption spectrum of syn-1 in CH2Cl2 and oscillator strengths calculated at the 

B3LYP/6-31G(d) level of theory. 
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Table S6. Calculated exited wavelengths (λ) and oscillator strengths (f) of selected transitions of syn-1. 

Total energy = –2383.72367349 [Hartree] 

 

��������������������������������������
Excited State   1:      Singlet-A      2.3295 eV  532.24 nm  f=0.2412  <S**2>=0.000
HOMO ->LUMO+1 0.70161

Excited State   2:      Singlet-A      2.3834 eV  520.20 nm  f=1.0460  <S**2>=0.000
HOMO ->LUMO 0.70195

Excited State   3:      Singlet-A      2.9014 eV  427.33 nm  f=0.0000  <S**2>=0.000
HOMO–3 ->LUMO 0.13780
HOMO–1 ->LUMO+1 0.68447

Excited State   4:      Singlet-A      2.9150 eV  425.34 nm  f=0.0003  <S**2>=0.000
HOMO–1 ->LUMO 0.69829

Excited State   5:      Singlet-A      2.9338 eV  422.60 nm  f=0.0396  <S**2>=0.000
HOMO–2 ->LUMO 0.70268

Excited State   6:      Singlet-A      2.9351 eV  422.41 nm  f=0.0000  <S**2>=0.000
HOMO–3 ->LUMO 0.68986
HOMO–1 ->LUMO+1 -0.13699

Excited State   7:      Singlet-A      2.9997 eV  413.33 nm  f=0.0326  <S**2>=0.000
HOMO–2 ->LUMO+1 0.70158

Excited State   8:      Singlet-A      3.0085 eV  412.12 nm  f=0.0025  <S**2>=0.000
HOMO–3 ->LUMO+1 0.69728

Excited State   9:      Singlet-A      3.1867 eV  389.07 nm  f=0.0508  <S**2>=0.000
HOMO–4 ->LUMO 0.69997

Excited State  10:      Singlet-A      3.2277 eV  384.13 nm  f=0.0335  <S**2>=0.000
HOMO–4 ->LUMO+1 0.69314

Excited State  11:      Singlet-A      3.2656 eV  379.67 nm  f=0.0008  <S**2>=0.000
HOMO–5 ->LUMO 0.70142

Excited State  12:      Singlet-A      3.3161 eV  373.89 nm  f=0.0000  <S**2>=0.000
HOMO–5 ->LUMO+1 0.69753

Excited State  13:      Singlet-A      3.3283 eV  372.51 nm  f=0.0511  <S**2>=0.000
HOMO–6 ->LUMO 0.70182

Excited State  14:      Singlet-A      3.3744 eV  367.42 nm  f=0.0061  <S**2>=0.000
HOMO–6 ->LUMO+1 0.69718

Excited State  15:      Singlet-A      3.3785 eV  366.98 nm  f=0.0003  <S**2>=0.000
HOMO–7 ->LUMO 0.70286

Excited State  16:      Singlet-A      3.3787 eV  366.96 nm  f=0.0011  <S**2>=0.000
HOMO–8 ->LUMO 0.70283

Excited State  17:      Singlet-A      3.3898 eV  365.76 nm  f=0.0000  <S**2>=0.000
HOMO ->LUMO+2 0.69048

Excited State  18:      Singlet-A      3.4411 eV  360.30 nm  f=0.0000  <S**2>=0.000
HOMO–7 ->LUMO+1 0.69788

Excited State  19:      Singlet-A      3.4412 eV  360.29 nm  f=0.0007  <S**2>=0.000
HOMO–8 ->LUMO+1 0.70025

Excited State  20:      Singlet-A      3.6384 eV  340.77 nm  f=0.0007  <S**2>=0.000
HOMO–9 ->LUMO -0.43818
HOMO ->LUMO+3 0.54696
���������������������������������������
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Table S7. Calculated coordinates of anti-1  

Total energy = –2383.78535441 [Hartree] 
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Table S8. Calculated coordinates of syn-1  

Total energy = –2383.79059878 [Hartree] 
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Fig. S9. 1H NMR spectrum of 3 in CDCl3 at 50 ℃. 

 

Fig. S10. 13C NMR spectrum of 3 in CDCl3 at 50 ℃. 
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Fig. S11. 1H NMR spectrum of 4 in DMSO-d6. 

 

Fig. S12. 13C NMR spectrum of 4 in DMSO-d6. 
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Fig. S13. 1H NMR spectrum of anti-1 in CDCl3. 

 

 
Fig. S14. 11B NMR spectrum of anti-1 in CDCl3. 
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Fig. S15. 1H NMR spectrum of syn-1 in CDCl3. 
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Fig. S16. 13C NMR spectrum of syn-1 in CDCl3. 

 
Fig. S17. 11B NMR spectrum of syn-1 in CDCl3. 


