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1. Instruments and Materials 

1H NMR (500 MHz) spectra were taken on a Bruker AVANCE-500 spectrometer, and 

chemical shifts were reported as delta scale in ppm relative to internal standards; CDCl3 (δ = 

7.26) and Toluenen-d8 (δ = 7.09, 7.01, 6.97, 2.08) for 1H NMR. UV/Vis absorption spectra 

were measured at room temperature on a Shimadzu UV-3600 spectrometer. High-resolution 

mass spectra were obtained with a Bruker ultrafleXtreme MALDI-TOF/TOF spectrometer 

with matrix. X-Ray data were taken on an Agilent Supernova X-Ray diffractometer equipped 

with a large area CCD detector. Redox potentials were measured by cyclic voltammetry on a 

CHI900 scanning electrochemical microscope. EPR spectra were recorded with a Bruker 

Magnettech ESR5000 spectrometer. Unless otherwise noted, materials obtained from 

commercial suppliers were used without further purification. 

2. Experimental Procedures and Compound Data 

 

Synthesis of 2a and 2b：A solution of Ni-DAP (44 mg, 0.073 mmol) in CHCl3 (10 mL) was 

added NBS (27 mg, 0.152 mmol), and the resulting mixture was heated at reflux. After 5 h, the 

solvent was removed under reduced pressure, and the residual was purified by column 

chromatography on silica gel (CH2Cl2/n-hexane as an eluent) and recrystallization with 

CH2Cl2/MeOH, a mixture of 2a and 2b was obtained as purple solids (38 mg, 69%). HR-MS 

(MALDI-TOF): m/z = 762.0065, calcd for (C36H28Br2N6Ni)+ = 762.0068 [M]+. The mixture of 2a 

and 2b was used in the next step without further purification. 
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Synthesis of 3a and 3b: A solution of 2 (76.1 mg, 0.10 mmol), 1a (211.6 mg, 0.20 mmol), 

Pd2(dba)3 (9.16 mg, 0.01 mmol), PPh3 (10.5 mg, 0.04 mmol), Cs2CO3 (65.2 mg, 0.2 mmol), 

and CsF (30.4mg, 0.2 mmol) in a mixture of toluene (4 mL) and DMF (2 mL) was degassed 

through three freeze-pump-thaw cycles, and the reaction flask was purged with argon. The 

resulting mixture was refluxed for 48 h. The reaction mixture was diluted with CHCl3, 

washed with water, and the organic layer was dried over anhydrous Na2SO4. After the solvent 

was evaporated under reduced pressure, the crude products were separated through a GPC 

column using CHCl3 as an eluent. Separation of 3a and 3b was achieved by silica gel column 

chromatography using CH2Cl2/n-hexane as an eluent. Recrystallization with CH2Cl2/MeOH 

gave 3a as red solids (69.0 mg, 0.028 mmol, 28% yield) and 3b as green solids (69.0 mg, 

0.028 mmol, 28% yield). The single crystals of 3a suitable for X-ray diffraction experiments 

were grown from its p-xylene/MeOH solution. 

3a: 1H NMR (500 MHz, CDCl3, 233 K): δ = 9.70 (s, 2H, β-H), 8.95-8.91 (m, 10H, β-H), 8.87 

(d, J = 5.0 Hz, 4H, β-H), 8.58 (s, 8H, β-H), 8.15 (br, 2H, Ar-p-H), 8.10 (br, 4H, Ar-o-H), 7.79 

(br, 2H, Ar-p-H), 7.74 (br, 6H, Ar-o-H (4H) and Ar-p-H (2H)), 7.67 (br, 4H, Ar-o-H), 7.24 (s, 

2H, Ar-m-H), 7.14 (s, 2H, Ar-m-H), 2.49 (s, 3H, p-Me), 2.41 (s, 3H, p-Me), 2.31 (s, 6H, o-Me), 

1.71 (s, 6H, o-Me), 1.55 (s, 18H, t-Bu), 1.47 (s, 18H, t-Bu), 1.46 (s, 36H, t-Bu), and 1.42 (s, 

36H, t-Bu) ppm; 13C NMR (125 MHz, CDCl3): δ = 151.7, 151.6, 149.0, 148.9, 146.2, 144.6, 

144.2, 143.1, 142.8, 142.7, 142.2, 140.18, 140.16, 139.0, 138.9, 138.5, 138.3, 137.2, 135.5, 

135.2, 135.0, 133.2, 132.7, 132.6, 132.4, 132.2, 128.8, 128.7, 128.3, 127.9, 121.9, 121.1, 

121.08, 120.7, 120.5, 120.4, 111.7, 35.1, 35.0, 31.8, and 31.7 ppm; UV/Vis (CH2Cl2): λmax (ε 

[M-1cm-1]) = 374 (71200), 422 (327000), 532 (54200), and 577 (40300) nm; HR-MS 

(MALDI-TOF): m/z = 2462.1635, calcd for (C160H171N14Ni3)+ = 2462.1866 ([M+H]+). 

3b: 1H NMR (500 MHz, CDCl3, 233 K): δ = 9.54 (s, 2H, β-H), 8.93 (d, J = 5.0 Hz, 4H, β-H), 

8.90 (d, J = 5.0 Hz, 4H, β-H), 8.85 (d, J = 5.0 Hz, 4H, β-H), 8.83 (d, J = 5.0 Hz, 4H, β-H), 

8.70 (d, J = 5.0 Hz, 2H, β-H), 8.62 (d, J = 5.0 Hz, 2H, β-H), 8.12 (br, 2H, Ar-p-H), 8.07 (br, 

4H, Ar-o-H), 7.77 (br, 2H, Ar-p-H), 7.72 (br, 2H, Ar-p-H), 7.71 (br, 4H, Ar-o-H), 7.64 (br, 4H, 

Ar-o-H), 7.17 (s, 4H, Ar-m-H), 2.43 (s, 6H, p-Me), 1.99 (s, 12H, o-Me), 1.53 (s, 18H, t-Bu), 

1.46 (s, 18H, t-Bu), 1.44 (s, 36H, t-Bu), and 1.39 (s, 36H, t-Bu) ppm; 13C NMR (125 MHz, 

CDCl3): δ = 151.7, 151.6, 149.0, 148.9, 146.3, 144.6, 144.1, 143.1, 142.7, 142.65, 142.2, 

140.2, 140.1, 139.0, 138.4, 137.2, 135.3, 134.9, 133.3, 132.7, 132.5, 132.4, 132.2, 128.7, 

128.6, 128.1, 121.2, 121.1, 121.06, 120.7, 120.4, 111.7, 35.1, 35.0, 31.8, and 31.7 ppm; 

UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 373 (73700), 424 (363000), 531 (51000), and 595 (47700) 

nm; HR-MS (MALDI-TOF): m/z = 2462.1656, calcd for (C160H171N14Ni3)+ = 2462.1866 

([M+H]+). 
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Synthesis of 4a: To a solution of 3a (12.3 mg, 0.005 mmol) and AgOTf (128.5 mg, 0.5 mmol) 

in degassed anhydrous CH2Cl2 (10 mL) was added a solution of FeCl3 (8.1 mg, 0.05 mmol) 

and DDQ (11.4 mg, 0.05 mmol) in nitromethane (1 mL). The reaction mixture was stirred at 

room temperature for 1 h and the reaction was quenched by addition of a saturated NaHCO3 

solution. The reaction mixture was washed with water, and dried over anhydrous sodium 

sulfate. Evaporation of the solvent followed by silica-gel column chromatography 

(CH2Cl2/n-hexane as an eluent) and recrystallization with CH2Cl2/MeOH, 4a obtained as a 

brown solid (4 mg, 0.0015 mmol, 30% yield). 

4a: 1H NMR (500 MHz, Toluene-d8, 298 K): δ = 9.19 (d, J = 5.0 Hz, 2H, β-H), 9.04 (s, 2H, 

β-H), 8.83 (d, J = 5.0 Hz, 2H, β-H), 8.77 (d, J = 5.0 Hz, 2H, β-H), 8.72 (d, J = 5.0 Hz, 2H, 

β-H), 8.68 (d, J = 5.0 Hz, 2H, β-H), 8.62 (d, J = 5.0 Hz, 2H, β-H), 8.17 (br, 4H, Ar-o-H), 7.95 

(br, 4H, Ar-o-H), 7.92 (br, 4H, Ar-o-H), 7.84 (br, 2H, Ar-p-H), 7.82 (br, 2H, Ar-p-H), 7.79 (br, 

2H, Ar-p-H), 7.56 (s, 2H, β-H), 7.11 (br, 2H, β-H), 6.90 (s, 2H, Ar-m-H), 6.85 (s, 2H, Ar-m-H), 

6.37 (d, J = 5.0 Hz, 2H, β-H), 2.45 (s, 6H, o-Me), 2.37 (s, 6H, o-Me), 2.25 (s, 3H, p-Me), 2.22 

(s, 3H, p-Me), 1.46 (s, 36H, t-Bu), 1.40 (s, 36H, t-Bu), and 1.37(s, 36H, t-Bu) ppm; 13C NMR 

(125 MHz, CDCl3): δ = 151.1, 149.5, 149.01, 148.98, 148.9, 144.0, 143.6, 142.7, 141.4, 139.9, 

139.8, 138.2, 138.0, 137.7, 137.4, 137.2, 136.5, 133.0, 132.9, 132.6, 132.5, 132.4, 131.1, 

129.9, 129.4, 128.7, 128.6, 128.5, 128.34, 128.26, 128.1, 125.1, 121.7, 121.1, 121.0, 120.9, 

119.5, 118.2, 109.4, 106.9, 106.3, 35.1, 35.0, 31.73, 31.70, and 31.69 ppm; UV/Vis (CH2Cl2): 

λmax (ε [M-1cm-1]) = 412 (109800), 473 (78200), 564 (71800), 815 (96800), and 1054 (94900) nm; 

HR-MS (MALDI-TOF): m/z = 2459.1427, calcd for (C160H168N14Ni3)+ = 2459.1631 ([M]+). 

 

 

Synthesis of 4b: To a solution of 3b (12.3 mg, 0.005 mmol) and AgOTf (128.5 mg, 0.5 mmol) 

in degassed anhydrous DCM (10 mL) was added a solution of FeCl3 (8.1 mg, 0.05 mmol) and 

DDQ (11.3 mg, 0.05 mmol) in nitromethane (1 mL). The reaction mixture was carried out at 

room temperature for 1 h and quenched by addition of a saturated NaHCO3 solution. The 
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reaction mixture was washed with water, and dried over anhydrous sodium sulfate. 

Evaporation of the solvent followed by silica-gel column chromatography (CH2Cl2/n-hexane 

as an eluent) and recrystallization with CH2Cl2/MeOH, 4b obtained as a brown solid (5 mg, 

0.0016 mmol, 32% yield). 

4b: 1H NMR (500 MHz, toluene-d8, 298 K): δ = 9.28 (d, J = 5.0 Hz, 2H, β-H), 9.01 (s, 2H, 

β-H), 8.81 (d, J = 5.0 Hz, 2H, β-H), 8.77 (d, J = 5.0 Hz, 2H, β-H), 8.74 (d, J = 5.0 Hz, 2H, 

β-H), 8.72 (d, J = 5.0 Hz, 2H, β-H), 8.65 (d, J = 5.0 Hz, 2H, β-H), 8.15 (br, 4H, Ar-o-H), 7.96 

(br, 4H, Ar-o-H), 7.95 (br, 4H, Ar-o-H), 7.84 (t, J = 1.5 Hz, 2H, Ar-p-H), 7.80 (m, 4H, 

Ar-p-H), 7.62 (s, 2H, β-H), 7.07 (br, 2H, β-H), 6.90 (s, 4H, Ar-m-H), 6.38 (d, J = 5.0 Hz, 2H, 

β-H), 2.42 (s, 12H, o-Me), 2.25 (s, 6H, p-Me), 1.42 (s, 36H, t-Bu), 1.40 (s, 36H, t-Bu), and 

1.39 (s, 36H, t-Bu) ppm; 13C NMR (125 MHz, toluene-d8): δ = 153.3, 150.3, 149.8, 149.7, 

148.1, 145.4, 144.9, 144.0, 142.7, 142.1, 141.7, 141.64, 141.57, 141.1, 141.0, 139.4, 138.5, 

137.0, 136.2, 135.9, 134.1, 133.43, 133.38, 133.3, 133.1, 132.5, 131.8, 130.3, 130.0, 123.8, 

122.6, 121.7, 121.6, 121.5, 120.3, 118.7, 117.7, 109.43, 109.38, 108.7, 35.6, 35.53, 35.52, 

32.22, 32.18, and 32.15 ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 409 (81000), 473 (51500), 

560 (50600), 624 (24700), and 857 (138000) nm; HR-MS (MALDI-TOF): m/z = 2459.1584, 

calcd for (C160H168N14Ni3)+ = 2459.1631 ([M]+). 

 

Synthesis of 5a and 5b: A solution of 2 (76.1 mg, 0.10 mmol, 1.0 equiv.), 1b (211.6 mg, 0.20 

mmol, 2.0 equiv.), Pd2(dba)3 (9.16 mg, 0.01 mmol, 10 mol %), PPh3 (10.5 mg, 0.04 mmol, 40 

mol %), Cs2CO3 (65.2 mg, 0.2 mmol, 2.0 equiv.) and CsF (30.4 mg, 0.2 mmol, 2.0 equiv.) in a 

mixture of toluene (4 mL) and DMF (2 mL) was degassed through three freeze-pump-thaw 

cycles, and the reaction flask was purged with argon. The resulting mixture was refluxed for 

48 h. The reaction mixture was diluted with CHCl3, and the organic extract was washed with 

water and dried over anhydrous Na2SO4. After the solvent was evaporated under reduced 

pressure, the crude products were separated through a GPC column using CHCl3 as an eluent. 

Separation of 5a and 5b was achieved by silica gel column chromatography using 

CH2Cl2/n-hexane as an eluent. Recrystallization with CH2Cl2/MeOH gave 5a as green solids 

(80.0 mg, 0.032 mmol, 33% yield) and 5b as green solids (90.5 mg, 0.037 mmol, 37% yield). 

5a: 1H NMR (500 MHz, CDCl3, 298 K): δ = 10.46 (s, 2H, meso-H)，10.11 (s, 2H, β-H)，9.51 
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(s, 2H, β-H), 9.05-9.02 (m, 4H, β-H), 8.97-8.95 (m, 4H, β-H), 8.92-8.87 (m, 6H, β-H), 8.80 (d, 

J = 5.0 Hz, 2H, β-H), 8.19 (d, J = 2.0 Hz, 4H, Ar-o-H), 7.97 (d, J = 2.0 Hz, 4H, Ar-o-H), 7.96 

(d, J = 2.0 Hz, 4H, Ar-o-H), 7.81 (t, J = 2.0 Hz, 2H, Ar-p-H), 7.77 (br, 4H, Ar-p-H), 7.39 (s, 

2H, Ar-m-H), 7.30 (s, 2H, Ar-m-H), 2.63 (s, 3H, p-Me), 2.55 (s, 3H, p-Me), 2.33 (s, 6H, 

o-Me), 1.90 (s, 6H, o-Me), 1.57 (s, 36H, t-Bu), 1.52 (s, 72H, t-Bu) ppm; 13C NMR (125 MHz, 

CDCl3): δ = 151.5, 149.6, 149.1, 149.05, 149.0, 144.1, 143.9, 143.5, 143.4, 143.38, 143.13, 

143.05, 142.9, 142.5, 142.3, 141.2, 140.5, 140.3, 140.2, 139.3, 139.1, 138.8, 138.5, 138.0, 

135.6, 135.4, 134.7, 133.3, 133.2, 132.7, 132.5, 132.4, 132.3, 132.2, 129.1, 128.9, 128.8, 

128.5, 128.1, 121.2, 121.14, 121.11, 120.7, 120.6, 120.0, 105.2, 35.2, 35.1, 31.9, 31.8 ppm; 

UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 415 (322000), 532 (54400), 584 (51000) nm; HR-MS 

(MALDI-TOF): m/z = 2462.2041, calcd for (C160H171N14Ni3)+ = 2462.1866 ([M+H]+). 

5b: 1H NMR (500 MHz, CDCl3, 298 K):  = 10.39 (s, 2H, meso-H), 10.07 (s, 2H, β-H), 9.41 

(s, 2H, β-H), 9.03 (d, J = 5.0 Hz, 2H, β-H), 9.00 (d, J = 5.0 Hz, 2H, β-H), 8.94-8.91 (m, 4H, 

β-H), 8.89 (d, J = 5.0 Hz, 2H, β-H), 8.86-8.83 (m, 6H, β-H), 8.16 (d, J = 2.0 Hz, 4H, Ar-o-H), 

7.95 (d, J = 1.5 Hz, 4H, Ar-o-H), 7.94 (d, J = 2.0 Hz, 4H, Ar-o-H), 7.79 (t, J = 1.75 Hz, 2H, 

Ar-p-H), 7.74 (t, J = 1.75 Hz, 4H, Ar-p-H), 7.32 (s, 4H, Ar-m-H), 2.57 (s, 6H, p-Me), 2.09 (s, 

12H, o-Me), 1.54 (s, 36H, t-Bu), 1.50 (s, 72H, t-Bu) ppm; 13C NMR (125 MHz, CDCl3): δ = 

151.5, 149.4, 149.0, 148.98, 148.9, 144.3, 143.5, 143.4, 143.31, 143.30, 143.0, 142.97, 142.8, 

142.4, 142.2, 140.9, 140.4, 140.3, 140.1, 139.1, 138.6, 138.0, 135.4, 135.3, 134.9, 133.4, 

133.0, 132.6, 132.5, 132.3, 132.2, 132.17, 129.1, 128.9, 128.8, 128.2, 121.2, 121.10, 121.08, 

120.6, 120.5, 119.9, 105.1, 35.1, 35.0, 31.9, 31.7 ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 

417 (220000), 526 (29800), 638 (44100) nm; HR-MS (MALDI-TOF): m/z = 2462.2031, calcd 

for (C160H171N14Ni3)+ = 2462.1866 ([M+H]+). 

 

 

Synthesis of 6: To a solution of a ca. 1:1 mixture of 5a and 5b (12.3 mg, 0.005 mmol, 1.0 

equiv.) and AgOTf (128.5 mg, 0.5 mmol, 100.0 equiv.) in degassed anhydrous CH2Cl2 (10 mL) 

was added a solution of FeCl3 (8.1 mg, 0.05 mmol, 10 equiv.) and DDQ (11.4 mg, 0.05 mmol, 

10 equiv.) in nitromethane (1 mL). The reaction mixture was stirred at room temperature for 1 



S7 

 

h and the reaction was quenched by addition of a saturated NaHCO3 solution. The product 

was extracted with CH2Cl2 and the organic extract was washed with water, and dried over 

anhydrous Na2SO4. Evaporation of the solvent followed by silica-gel column chromatography 

(CH2Cl2/n-hexane as an eluent) and recrystallization with CH2Cl2/MeOH gave 6 as green 

solids (5.5 mg, 0.0022 mmol, 45% yield). Oxidation of 5a and 5b with DDQ and FeCl3 under 

the similar conditions gave 6 in 25% yield along with -chlorinated products 6-Cl in ca. 10%. 

Oxidations of pure 5a and 5b under the optimized conditions 6 in ca. 25% yield. 

6: 1H NMR (500 MHz, toluene-d8, 298 K): δ = 9.14 (s, 4H, β-H), 8.81 (d, J = 3.8 Hz, 4H, 

β-H), 8.76 (d, J = 3.8 Hz, 4H, β-H), 8.13 (s, 8H, Ar), 8.02 (s, 4H, β-H), 7.85(br, 10H, Ar), 

6.93 (s, 4H, Ar-m-H), 2.45 (s, 12H, o-Me), 2.36 (s, 6H, p-Me), 1.41 (d, J = 6.3 H, 108H, 

t-Bu)ppm; 13C NMR (125 MHz, Toluene-d8): δ = 149.9, 149.8, 146.8, 145.0, 144.0, 142.1, 

141.9, 139.8, 138.4, 135.6, 135.3, 133.7, 132.2, 131.5, 121.9, 121.8, 121.5, 121.1, 118.7, 

117.8, 116.7, 114.1, 35.5, 32.2, and 32.1 ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 315 

(44200), 427 (94800), 672 (239000), and 953 (290000) nm; HR-MS (MALDI-TOF): m/z = 

2455.1405, calcd for (C160H164N14Ni3)+ = 2455.1318 ([M]+). 

6-Cl: 1H NMR (500 MHz, CDCl3, 298 K): δ = 8.75 (d, 1H, J = 5.0 Hz, β-H), 8.69 (d, 1H, J = 

5.0 Hz, β-H), 8.65-8.58 (m, 6H, β-H), 8.11 (s, 1H, β-H), 7.92 (m, 4H, β-H), 7.90 (m, 2H, β-H), 

7.85-7.68 (m, 18H, Ar-H), 7.29 (s, 4H, C6H2Me3), 2.65 (s, 3H, Me), 2.63 (s, 3H, Me), 

2.46-2.44 (m, 12 H, Me), 1.54-1.52 (m, 54H, tBu), 1.48-1.46 (m, 54H, tBu) 

 

Synthesis of 7: A solution of 1b (105.8 mg, 0.10 mmol, 1.0 equiv.), 2 (a mixture of 2a and 2b) 

(218.9 mg, 0.30 mmol, 3.0 equiv.), Pd2(dba)3 (2.8 mg, 0.003 mmol, 3 mol %), PPh3 (3.2 mg, 

0.012 mmol, 12 mol %), Cs2CO3 (37.6 mg, 0.10 mmol, 1.0 equiv.), and CsF (15.2 mg, 0.10 

mmol, 1.0 equiv.) in a mixture of toluene (4 mL) and DMF (2 mL) was degassed through 

three freeze-pump-thaw cycles, and the reaction flask was purged with argon. The resulting 

mixture was stirred at 110 °C for 24 h. The reaction mixture was diluted with CHCl3, and the 

organic layer was dried over anhydrous Na2SO4. After the solvent was evaporated under 

reduced pressure, the crude products were separated through a GPC column using CHCl3 as 

an eluent and through a silica gel column using CH2Cl2/n-hexane as an eluent. 

Recrystallization with CH2Cl2/MeOH gave 7 as dark green solids (82.2 mg, 0.051 mmol, 51% 

yield). 

7 (a mixture of 7a and 7b): 1H NMR (500 MHz, CDCl3, 298 K): δ = 10.36-10.32 (meso-H), 

10.06-10.02 (β-H), 9.41-9.29 (β-H), 9.00-8.70 (β-H), 8.16-7.71 (Ar) 7.35-7.27 (Ar-m-H), 

2.64-2.56 (p-Me), 2.10-1.83 (o-Me), and 1.54-1.49 (t-Bu) ppm; UV/Vis (CH2Cl2): λmax (ε 

[M-1cm-1]) = 416 (257000), 531 (32000), and 588 (47500) nm; HR-MS (MALDI-TOF): m/z = 
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1611.5995, calcd for (C98H100BrN10Ni2)+ = 1611.6017 [M+H]+. 

 

 

Synthesis of 9: A solution of 8 (39.8 mg, 0.04 mmol, 1.0 equiv.), 7 (a mixture of 7a and 7b) 

(129.1 mg, 0.08 mmol, 2.0 equiv.), Pd2(dba)3 (3.6 mg, 0.004 mmol, 10 mol %), PPh3 (4.2 mg, 

0.016 mmol, 40 mol %), Cs2CO3 (30.0 mg, 0.08 mmol, 2.0 equiv.), and CsF (12.1 mg, 0.08 

mmol, 2.0 equiv.) in a mixture of toluene (4 mL) and DMF (2 mL) was degassed through 

three freeze-pump-thaw cycles, and the reaction flask was purged with argon. The resulting 

mixture was refluxed for 48 h. The reaction mixture was diluted with CHCl3, and the products 

were extracted with CH2Cl2. The organic extract was washed with water and dried over 

anhydrous Na2SO4. After concentrating under reduced pressure, the crude product was 

separated by GPC (eluent: CHCl3) and silica gel column chromatography (eluent: 

CH2Cl2/n-hexane). Precipitation with CH2Cl2/MeOH gave 9 obtained as dark green solids (92 

mg, 0.024 mmol, 61% yield). 

9 (a mixture of 9a, 9b, and 9c): 1H NMR (500 MHz, CDCl3, 298 K): δ = 10.59-10.42 

(meso-H), 10.23-8.80 (β-H), 8.47-7.76 (Ar), 7.40-7.31 (Ar-m-H), 2.63-1.91 (o-Me and p-Me), 

1.59-1.51 (t-Bu) ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 414(484000), 529 (89600), 627 

(107000) nm; HR-MS (MALDI-TOF): m/z = 3804.6956, calcd for (C244H249N24Ni5)+ = 

3804.6984 ([M+H]+). 

Synthesis of 10: To a solution of 9 (15.2 mg, 0.004 mmol) and AgOTf (205.5 mg, 0.8 mmol) 

in degassed anhydrous DCM (10 mL) was added a solution of FeCl3 (26.0 mg, 0.16 mmol) 

and DDQ (36.3 mg, 0.16 mmol) in nitromethane (1 mL). The reaction mixture was carried out 
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at room temperature for 1 h and quenched by addition of a saturated NaHCO3 solution. The 

reaction mixture was washed with water, and dried over anhydrous sodium sulfate. 

Evaporation of the solvent followed by silica-gel column chromatography (CH2Cl2/n-hexane 

as an eluent) and recrystallization with CH2Cl2/MeOH, 10 obtained as a brown solid (2.4 mg, 

0.0006 mmol, 16% yield). 

10: 1H NMR (500 MHz, Toluene-d8, 298 K): δ = 9.17 (s, 4H, β-H), 9.05 (s, 4H, β-H), 8.82 (d, 

J = 5.0 Hz, 4H, β-H), 8.76 (d, J = 5.0 Hz, 4H, β-H), 8.20 (br, 4H, β-H), 8.12 (d, J = 1.0 Hz, 

8H, Ar), 8.00 (br, 4H, β-H), 7.86-7.79 (m, 24H, Ar), 2.43 (s, 24H, o-Me), 2.34 (s, 12H, p-Me), 

1.40 (s, 36H, t-Bu), 1.39 (s, 72H, t-Bu), 1.36 (s, 36H, t-Bu) ppm; UV/Vis (CH2Cl2): λmax (ε 

[M-1cm-1]) = 326 (75200), 405 (116000), 737 (287000), 1037 (66600), 1168 (558000) nm; 

HR-MS (MALDI-TOF): m/z = 3791.5733, calcd for (C244H236N24Ni5)+ = 3791.5966 ([M]+). 

 

 

Synthesis of 12: A solution of 11 (68.4 mg, 0.10 mmol, 1.0 equiv.), 1a (105.8 mg, 0.10 mmol, 

1.0 equiv.), Pd2(dba)3 (4.58 mg, 0.005 mmol, 5 mol %), PPh3 (5.24 mg, 0.02 mmol, 20 

mol %), Cs2CO3 (32.6 mg, 0.10 mmol, 1.0 equiv.), and CsF (15.2 mg, 0.10 mmol, 1.0 equiv.) 

in a mixture of toluene (4 mL) and DMF (2 mL) was degassed through three 

freeze-pump-thaw cycles, and the reaction flask was purged with argon. The resulting mixture 

was refluxed for 48 h. The reaction mixture was diluted with CHCl3, and the organic layer 

was washed with water, and dried over anhydrous Na2SO4. After the solvent was evaporated 

under reduced pressure, the crude products were separated through a GPC column using 

CH2Cl2/n-hexane as an eluent. Recrystallization with CH2Cl2/MeOH gave 12 as dark green 

solids (108.5 mg, 0.071mmol, 71% yield). 

12: 1H NMR (500 MHz, CDCl3, 233 K): δ = 9.58 (s, 1H, β-H), 9.31 (d, J = 5.0 Hz, 1H, β-H), 

9.26 (d, J = 5.0 Hz, 1H, β-H), 9.00 (d, J = 5.0 Hz, 1H, β-H), 8.96 (d, J = 5.0 Hz, 2H, β-H), 

8.93 (d, J = 5.0 Hz, 2H, β-H), 8.87 (d, J = 5.0 Hz, 1H, β-H), 8.83 (br, 4H, β-H), 8.60 (d, J = 

5.0 Hz, 1H, β-H), 8.57 (d, J = 5.0 Hz, 1H, β-H), 8.15 (br, 1H, Ar-p-H), 8.08 (br, 2H, Ar-o-H), 

7.79 (br, 1H, Ar-p-H), 7.74 (br, 1H, Ar-p-H), 7.73 (br, 2H, Ar-o-H), 7.66 (br, 2H, Ar-o-H), 

7.27 (s, 2H, Ar-m-H), 7.22 (s, 2H, Ar-m-H), 2.56 (s, 3H, p-Me), 2.52 (s, 3H, p-Me), 2.07 (s, 

6H, o-Me), 1.77 (s, 6H, o-Me), 1.55 (s, 9H, t-Bu), 1.47 (s, 9H, t-Bu), 1.45 (s, 18H, t-Bu), and 

1.41 (s, 18H, t-Bu) ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 372 (94800), 421 (317000), 

532 (38400), and 581 (60600) nm; HR-MS (MALDI-TOF): m/z = 1533.6948, calcd for 

(C98H101N10Ni2)+ = 1533.6912 ([M+H]+). 
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Synthesis of 13: To a solution of 12 (15.3 mg, 0.01 mmol, 1.0 equiv.) in degassed anhydrous 

CH2Cl2 (10 mL) was added a solution of FeCl3 (8.1 mg, 0.05 mmol, 5 equiv.) and DDQ (11.4 

mg, 0.05 mmol, 5 equiv.) in nitromethane (1 mL). The reaction mixture was stirred at room 

temperature for 1 h and the reaction was quenched by addition of a saturated NaHCO3 

solution. The product was extracted with CH2Cl2 and the organic extract was washed with 

water, and dried over anhydrous Na2SO4. After concentrating under reduced pressure, the 

residue was dissolved in CH2Cl2 under N2, to which TBPASbF6 (7.90 mg, 0.011 mmol, 1.1 

equiv.) was added and the reaction mixture was further stirred for 1 h at room temperature. 

The reaction mixture was passed through a short Celite pad with CH2Cl2 as an eluent. 

Recrystallization from CH2Cl2/n-hexane afforded 13 (10 mg, 0.006 mmol, 60%). 

12-ox: UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 316 (32500), 430 (63100), 472 (67500), 543 

(37600), 776 (30900), and 1357 (7860) nm; HR-MS (MALDI-TOF): m/z = 1531.6771, calcd 

for (C98H99N10Ni2)+ = 1531.6756 ([M]+). 

13: 1H NMR (500 MHz, CDCl3, 298 K): δ = 9.07 (s, 1H, β-H), 8.52 (br, 6H, β-H), 8.28-8.25 

(m, 5H, β-H), 7.81-7.70 (m, 11H, β-H and Ar), 7.29 (s, 2H, Ar-m-H), 7.27 (s, 2H, Ar-m-H), 

2.60 (s, 6H, p-Me), 2.03 (s, 6H, o-Me), 1.95 (s, 6H, o-Me), 1.49 (s, 18H, t-Bu), 1.48 (s, 18H, 

t-Bu), and 1.45 (s, 18H, t-Bu) ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 436 (57100), 748 

(11700), and 1020 (24600) nm; HR-MS (MALDI-TOF): m/z = 1531.6747, calcd for 

(C98H99N10Ni2)+ = 1531.6756 ([M-SbF6]+). 
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Synthesis of 14: A solution of 11 (68.4 mg, 0.10 mmol, 1.0 equiv.), 1b (105.8 mg, 0.10 mmol, 

1.0 equiv.), Pd2(dba)3 (4.58 mg, 0.005 mmol, 5 mol %), PPh3 (5.24 mg, 0.02 mmol, 20 

mol %), Cs2CO3 (32.6 mg, 0.10 mmol, 1.0 equiv.), and CsF (15.2 mg, 0.10 mmol, 1.0 equiv.) 

in a mixture of toluene (4 mL) and DMF (2 mL) was degassed through three 

freeze-pump-thaw cycles, and the reaction flask was purged with argon. The resulting mixture 

was refluxed for 48 h. The reaction mixture was diluted with CHCl3, and the organic extract 

was washed with water and dried over anhydrous Na2SO4. After the solvent was evaporated 

under reduced pressure, the crude product was separated through a GPC column using CHCl3 

as an eluent and through a silica gel column using CH2Cl2/n-hexane as an eluent. 

Recrystallization with CH2Cl2/MeOH gave 14 obtained as dark green solids (115.1 mg, 0.075 

mmol, 75% yield). 

14: 1H NMR (500 MHz, CDCl3, 298 K): δ = 10.35 (s, 1H, meso-H), 10.03 (s, 1H, β-H), 9.39 

(s, 1H, β-H), 9.24 (d, J = 5.0 Hz, 1H, β-H), 9.21 (d, J = 5.0 Hz, 1H, β-H), 8.98-8.96 (m, 2H, 

β-H), 8.93-8.83 (m, 7H, β-H), 8.75 (d, J = 5.0 Hz, 1H, β-H), 8.14 (d, J = 1.5 Hz, 2H, Ar-o-H), 

7.94 (d, J = 1.5 Hz, 2H, Ar-o-H), 7.93 (d, J = 1.5 Hz, 2H, Ar-o-H), 7.76 (br, 1H, Ar-p-H), 7.74 

(br, 2H, Ar-p-H), 7.32 (s, 2H, Ar-m-H), 7.28 (s, 2H, Ar-m-H), 2.61 (s, 3H, p-Me), 2.57 (s, 3H, 

p-Me), 2.05 (s, 6H, o-Me), 1.84 (s, 6H, o-Me), 1.52 (s, 18H, t-Bu), and 1.49 (s, 36H, t-Bu) 

ppm; UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 416 (272000), 532 (35200), and 592 (48700) nm; 

HR-MS (MALDI-TOF): m/z = 1532.6794, calcd for (C98H100N10Ni2)+ = 1532.6834 ([M]+). 

 

Synthesis of 15: To a solution of 14 (15.3 mg, 0.01 mmol, 1.0 equiv.) in degassed anhydrous 

CH2Cl2 (10 mL) was added a solution of FeCl3 (16.2 mg, 0.1 mmol, 10 equiv.) and DDQ 

(22.7 mg, 0.1 mmol, 10 equiv.) in nitromethane (1 mL). The reaction mixture was stirred at 

room temperature for 1 h and the reaction was quenched by addition of a saturated NaHCO3 

solution. The product was extracted with CH2Cl2 and the organic extract was washed with 

water, and dried over anhydrous Na2SO4. After concentrating under reduced pressure, the 

residue was dissolved in CH2Cl2 under N2, TBPASbF6 (7.90 mg, 0.011 mmol, 1.1 equiv.) was 

added and the reaction mixture was further stirred for 1 h at room temperature. The reaction 

mixture was passed through a short Celite pad with CH2Cl2 as an eluent. Recrystallization 
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from CH2Cl2/n-hexane afforded 15 (14 mg, 0.008 mmol, 80%). The single crystals of 15 

suitable for X-ray diffraction experiments were grown from its PhCl/Octane solution. 

14-ox: UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 390 (64200), 444 (72700), 583 (153000), 783 

(35300), 1000 (12800), 1200 (14500) nm; HR-MS (MALDI-TOF): m/z = 1530.6597, calcd for 

(C98H98N10Ni2)+ = 1530.6677 ([M+H]+). 

15: 1H NMR (500 MHz, CDCl3, 213 K): δ = 7.84 (br, 2H, β-H), 7.55-7.32 (m, 15H, Ar and β-H), 

7.06 (s, 4H, Ar-m-H), 6.74 (br, 2H, β-H), 6.70 (br, 2H, β-H), 2.43 (s, 6H, p-Me), 1.91 (s, 12H, 

o-Me), 1.36 (s, 36H, t-Bu), and 1.31 (s, 18H, t-Bu) ppm (signals are very broad and difficult to 

assign); UV/Vis (CH2Cl2): λmax (ε [M-1cm-1]) = 381 (61700), 444 (65400), 563 (61800), 766 

(14900), 834 (15800), and 974 (36500) nm; HR-MS (MALDI-TOF): m/z = 1529.6697, calcd 

for (C98H97N10Ni2)+ = 1529.6599 ([M-SbF6]+). 
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3. NMR and EPR Spectra 

 

Figure S1-1. 1H NMR spectrum of 3a in CDCl3 at 233 K. 
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Figure S1-2. 13C NMR spectrum of 3a in CDCl3 at 298 K. 
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Figure S1-3. 1H NMR spectrum of 3b in CDCl3 at 233 K. 
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Figure S1-4. 13C NMR spectrum of 3b in CDCl3 at 298 K. 
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Figure S1-5. 1H NMR spectrum of 4a in Toluene-d8 at 298 K. 
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Figure S1-6. 13C NMR spectrum of 4a in CDCl3. 
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Figure S1-7. 1H NMR spectrum of 4b in Toluene-d8 at 298 K. 



S20 

 

 

Figure S1-8. 13C NMR spectrum of 4b in toluene-d8. 
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Figure S1-9. 1H NMR spectrum of 5a in CDCl3 at 298 K. 
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Figure S1-10. 13C NMR spectrum of 5a in CDCl3 at 298 K. 
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Figure S1-11. 1H NMR spectrum of 5b in CDCl3 at 298 K. 
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Figure S1-12. 13C NMR spectrum of 5b in CDCl3 at 298 K. 
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Figure S1-13. 1H NMR spectrum of 6 in toluene-d8 at 298 K. 
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Figure S1-14. 13C NMR spectrum of 6 in toluene-d8. 
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Figure S1-15. 1H NMR spectrum of 6-Cl in CDCl3 at 298 K. 
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Figure S1-16. 1H NMR spectrum of 7 in CDCl3 at 298 K. 
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Figure S1-17. 1H NMR spectrum of 9 in CDCl3 at 298 K. 
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Figure S1-18. 1H NMR spectrum of 10 in toluene-d8 at 298 K. 
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Figure S1-19. 1H NMR spectrum of 12 in CDCl3 at 233 K. 
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Figure S1-20. 1H NMR spectrum of 13 in CDCl3 at 298 K. 
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Figure S1-21. 1H NMR spectrum of 14 in CDCl3 at 298 K. 
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Figure S1-22. 1H NMR spectrum of 15 in CDCl3 at 213 K. 
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Figure S1-23. EPR spectra of (a) 12-ox and (b) 14-ox (0.1 mM in degassed toluene) at room 

temperature. 
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4. High Resolution Mass Spectra 

 

Figure S2-1. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 2a and 2b. 

2466.13722465.1427

2467.13312464.1493

2468.1289

2463.1581

2469.1246

2470.12102462.1635

2471.1172

2472.1165
2473.1216

9Ni 0:M18 MS Raw

0

2

4

6

8

4x10

In
te
ns
. 
[a
.u
.]

2465.1886
2466.1878

2464.1884

2467.1874

2468.18672463.1898

2469.1862

2462.1866
2470.1855

2471.1850

2472.1845
2473.1841

0

500

1000

1500

In
te
ns
. 
[a
.u
.]

2462 2464 2466 2468 2470 2472
 

Figure S2-2. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 3a. 
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Figure S2-3. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 3b. 
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Figure S2-4. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 4a. 
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Figure S2-5. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 4b. 
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Figure S2-6. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 5a. 
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Figure S2-7. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 5b. 
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Figure S2-8. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 6. 
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Figure S2-9. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 6-Cl. 
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Figure S2-10. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 7. 
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Figure S2-11. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 9. 
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Figure S2-12. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 10. 
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Figure S2-13. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 12. 
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Figure S2-14. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 12-ox. 
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Figure S2-15. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 13. 

1535.68171534.6830

1536.6813

1537.6806

1532.6794 1538.6793

1533.6959

1539.6752

1540.6806
1541.6829

4Ni-2-no 0:A6 MS Raw

0.00

0.25

0.50

0.75

1.00

1.25

4x10

In
te
ns
. 
[a
.u
.]

1534.6836

1533.6866 1535.6841

1532.6834

1536.6827

1537.6825

1538.6813

1539.6812
1540.6804

1541.6801

0

500

1000

1500

In
te
ns
. 
[a
.u
.]

1533 1534 1535 1536 1537 1538 1539 1540 1541 1542  

Figure S2-16. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 14. 
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Figure S2-17. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 14-ox. 
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Figure S2-18. Observed (top) and simulated (bottom) MALDI-TOF mass spectrum of 15. 
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5. UV/Vis/NIR Absorption Spectra 

 

Figure S3-1. UV/Vis absorption spectra of 3a, 3b, 4a,4b, 5a, 5b, and 6 in CH2Cl2. 
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Table S1-1. UV/Vis absorptions recorded in CH2Cl2. 

Compound  [nm] (log ) 

3a 374 (4.86), 422 (5.51), 532 (4.71), 577 (4.61) 

3b 373 (4.87), 425 (5.56), 532 (4.71), 595 (4.68) 

4a 412 (5.04), 473 (4.89), 565 (4.86), 814 (4.99), 1054 (4.98) 

4b 409 (4.91), 473 (4.89), 560 (4.70), 624 (4.39), 857 (5.14) 

5a 415 (5.51), 532 (4.74), 584 (4.71) 

5b 417 (5.34), 526 (4.47), 638 (4.64) 

6 316 (4.65), 427 (4.98), 672 (5.38), 953 (5.46) 

 

 

Figure S3-2. UV/Vis absorption spectra of 12, 12-ox,13,14, 14-ox, and 15 in CH2Cl2. 
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Table S1-2. UV/Vis absorptions recorded in CH2Cl2. 

Compound  [nm] (log ) 

12 372 (4.98), 421 (5.50), 532 (4.58), 581 (4.78) 

12-ox 316 (4.51), 430 (4.80), 472 (4.83), 543 (4.58), 776 (4.49), 1357 (3.90) 

13 436 (4.64), 748 (3.95), 1020 (4.27) 

14 416 (5.43), 532 (4.55), 592 (4.69) 

14-ox 390 (4.81), 444 (4.86), 583 (5.18), 783 (4.55), 1000 (4.11), 1200 (4.16) 

15 381 (4.79), 444 (4.82), 563 (4.79), 766 (4.17), 834 (4.20), 974 (4.56) 

 

Figure S3-3. UV/Vis absorption spectra of 9 and 10 in CH2Cl2. 

Table S1-3. UV/Vis absorptions recorded in CH2Cl2. 

Compound  [nm] (log ) 

9 414 (5.68), 529 (4.95), 627 (5.03) 

10 326 (4.88), 405 (5.06), 737 (5.46), 1037 (4.82), 1168 (5.75) 
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6. Electrochemical Data 

Cyclic voltammograms and differential pulse voltammograms were measured in benzonitrile with 

0.1 M nBu4NPF6; potentials were determined vs ferrocene/ferrocenium ion by differential pulse 

voltammograms; working electrode: glassy carbon; counter electrode: Pt wire; reference electrode: 

Ag/AgNO3. 

 

 

Figure S4-1. Cyclic voltammogram and differential pulse voltammogram of NiII porphyrin (P). 

 

Figure S4-2. Cyclic voltammogram and differential pulse voltammogram of NiII diazaporphyrin 

(DAP). 

 



S49 

 

 

Figure S4-3. Cyclic voltammogram and differential pulse voltammogram of 3a. 

 

 

Figure S4-4. Cyclic voltammogram and differential pulse voltammogram of 3b. 
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Figure S4-5. Cyclic voltammogram and differential pulse voltammogram of 4a. 

 

 

Figure S4-6. Cyclic voltammogram and differential pulse voltammogram of 4b. 
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Figure S4-7. Cyclic voltammogram and differential pulse voltammogram of 5a. 

 

 

Figure S4-8. Cyclic voltammogram and differential pulse voltammogram of 5b. 
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Figure S4-9. Cyclic voltammogram and differential pulse voltammogram of 6. 

 

Figure S4-10. Cyclic voltammogram and differential pulse voltammogram of 10. 
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Figure S4-11. Cyclic voltammogram and differential pulse voltammogram of 12. 

 

 

Figure S4-12. Cyclic voltammogram and differential pulse voltammogram of 12-ox. 

 

 

Figure S4-13. Cyclic voltammogram and differential pulse voltammogram of 13.
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Figure S4-14. Cyclic voltammogram and differential pulse voltammogram of 14. 

 

Figure S4-15. Cyclic voltammogram and differential pulse voltammogram of 14-ox. 
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Figure S4-16. Cyclic voltammogram and differential pulse voltammogram of 15. 

Table S2-1. Summary of the electrochemical potentials (V) and HOMO-LUMO gaps (eV). 

Compound Eox.4 Eox.3 Eox.2 Eox.1 Ered.1 Ered.2 Ered.3 EHL
b 

3a    0.52 -1.36 -1.83  1.88 

3b    0.57a -1.36a   1.93 

4a 0.89 0.71 0.20 -0.24 -1.40 -1.78 -1.98 1.16 

4b 0.75 0.63 0.19 -0.23 -1.54 -1.63 -2.06 1.31 

5a    0.51 -1.33 -1.78  1.84 

5b    0.65a -1.40a -1.86  2.05 

6 0.86 0.75 0.25 -0.16 -1.36 -1.58 -1.99 1.20 

aIrreversible peak; bElectrochemical HOMO-LUMO gap, ΔEHL = e(Eox.1-Ered.1). 

Table S2-2. Summary of the electrochemical potentials (V) and HOMO-LUMO gaps (eV). 

Compound Eox.2 Eox.1 Ered.1 Ered.2 Ered.3 EHL
b 

Ni-P  0.58a -1.78   2.36 

Ni-DAP  0.85 -1.32 -1.99  2.17 

10 1.00 0.62 -0.42 -2.26 -2.42 1.04 

12 0.77 0.61 -1.28 -1.79  1.89 

12-ox 0.74 -0.32 -0.68   0.36 

13  0.75 -0.28 -0.67  1.03 

14  0.53a -1.26 -1.77 -1.89 1.79 

14-ox 0.80 -0.24 -0.59   0.35 

15  0.80 -0.24 -0.57  1.04 

aIrreversible peak; bElectrochemical HOMO-LUMO gap, ΔEHL = e(Eox.1-Ered.1). 
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7. X-Ray Crystal Data 

The crystals were wrapped in silicon oil and then were frozen. Data collections for all 

the crystals were performed on a SuperNova diffractometer using graphite-monochromated 

Cu K radiation ( = 1.54184 Å). Using Olex2,[1] the structures of 3b and 4b were solved 

with the olex2.solve[2] structure solution program using Charge Flipping,[3] the structure of 

6-Cl was solved with the SIR2004[4] structure solution program, the structures of 3a, 5a, 5b 

and 15 were solved with the ShelXT[5] structure solution program, the structure of 6 were 

solved with ShelXS[6] structure solution program. All of the above structures were refined 

with the ShelXL[7] refinement package using Least Squares minimization. Due to the highly 

disordered tBu groups, DFIX restrains were applied to fix 1,2- and 1,3-distances between 

carbons atoms in tBu groups of 5a, 5b, 6 and 6-Cl. Disordered solvents in 3b, 4b, 5b, 6, 6-Cl 

and 15 were squeezed by using Platon.[8] 
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Table S3-1. Crystal data and structure refinement for 3a. 

 

Identification code 3a 

Empirical formula C205H229N14Ni3O 

Formula weight 3081.14 

Temperature/K 99.9(5) 

Crystal system monoclinic 

Space group P21/c 

a/Å 33.0120(7) 

b/Å 17.7275(3) 

c/Å 30.1749(5) 

α/° 90 

β/° 91.719(2) 

γ/° 90 

Volume/Å3 17651.0(6) 

Z 4 

ρcalcg/cm3 1.159 

μ/mm-1 0.806 

F(000) 6596.0 

Crystal size/mm3 0.3 × 0.3 × 0.02 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.32 to 133.2 

Index ranges -39 ≤ h ≤ 34, -21 ≤ k ≤ 15, -35 ≤ l ≤ 35 

Reflections collected 117754 

Independent reflections 31164 [Rint = 0.0777, Rsigma = 0.0746] 

Data/restraints/parameters 31164/301/2124 

Goodness-of-fit on F2 1.022 

Final R indexes [I>=2σ (I)] R1 = 0.0613, wR2 = 0.1478 

Final R indexes [all data] R1 = 0.0832, wR2 = 0.1625 

Largest diff. peak/hole / e Å-3 0.91/-0.53 
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Figure S5-1. X-ray crystal structure of 3a. a) Top view and b) side view. The thermal ellipsoids 

are scaled to 50% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, 

and all hydrogen atoms are omitted for clarity. 
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Table S3-2. Crystal data and structure refinement for 3b. 

 

Identification code 3b 

Empirical formula C160H170N14Ni3 

Formula weight 2465.22 

Temperature/K 100.01(10) 

Crystal system triclinic 

Space group P-1 

a/Å 12.1732(4) 

b/Å 15.6437(3) 

c/Å 24.1466(4) 

α/° 72.6545(16) 

β/° 80.455(2) 

γ/° 79.266(2) 

Volume/Å3 4282.51(18) 

Z 1 

ρcalcg/cm3 0.956 

μ/mm-1 0.728 

F(000) 1312.0 

Crystal size/mm3 0.2 × 0.2 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 9.95 to 133.196 

Index ranges -13 ≤ h ≤ 14, -18 ≤ k ≤ 18, -28 ≤ l ≤ 28 

Reflections collected 61516 

Independent reflections 15113 [Rint = 0.0566, Rsigma = 0.0475] 

Data/restraints/parameters 15113/102/882 

Goodness-of-fit on F2 1.018 

Final R indexes [I>=2σ (I)] R1 = 0.0604, wR2 = 0.1527 

Final R indexes [all data] R1 = 0.0729, wR2 = 0.1605 

Largest diff. peak/hole / e Å-3 0.83/-0.43 
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Figure S5-2. X-ray crystal structure of 3b. a) Top view and b) side view. The thermal ellipsoids 

are scaled to 50% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, 

and all hydrogen atoms are omitted for clarity. 
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Table S3-3. Crystal data and structure refinement for 4b. 

 

Identification code 4b 

Empirical formula C160H168N14Ni3 

Formula weight 2463.20 

Temperature/K 100.2(5) 

Crystal system monoclinic 

Space group P2/n 

a/Å 16.4956(3) 

b/Å 19.5137(8) 

c/Å 27.9638(6) 

α/° 90 

β/° 98.4471(18) 

γ/° 90 

Volume/Å3 8903.6(4) 

Z 2 

ρcalcg/cm3 0.919 

μ/mm-1 0.701 

F(000) 2620.0 

Crystal size/mm3 0.2 × 0.05 × 0.02 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.062 to 133.198 

Index ranges -20≤ h≤ 20, -23≤ k≤ 23, -34≤ l≤ 33 

Reflections collected 15742 

Independent reflections 15742 [Rint = 0.0733, Rsigma = 0.0468] 

Data/restraints/parameters 15742/0/818 

Goodness-of-fit on F2 1.126 

Final R indexes [I>=2σ (I)] R1 = 0.0939, wR2 = 0.2850 

Final R indexes [all data] R1 = 0.1191, wR2 = 0.3089 

Largest diff. peak/hole / e Å-3 2.00/-0.93 
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Figure S5-3. X-ray crystal structure of 4b. a) Top view and b) side view. The thermal ellipsoids 

are scaled to 30% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, 

and all hydrogen atoms are omitted for clarity. 
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Table S3-4. Crystal data and structure refinement for 5a. 

 

Identification code 5a 

Empirical formula C160H170N14Ni3 

Formula weight 2465.22 

Temperature/K 100.0(2) 

Crystal system monoclinic 

Space group P21/n 

a/Å 20.2235(11) 

b/Å 30.1037(7) 

c/Å 27.7552(7) 

α/° 90 

β/° 108.649(4) 

γ/° 90 

Volume/Å3 16010.2(11) 

Z 4 

ρcalcg/cm3 1.023 

μ/mm-1 0.779 

F(000) 5248.0 

Crystal size/mm3 0.2 × 0.03 × 0.03 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.15 to 133.202 

Index ranges -23 ≤ h ≤ 24, -20 ≤ k ≤ 35, -33 ≤ l ≤ 33 

Reflections collected 105696 

Independent reflections 28255 [Rint = 0.0970, Rsigma = 0.0963] 

Data/restraints/parameters 28255/321/1724 

Goodness-of-fit on F2 1.077 

Final R indexes [I>=2σ (I)] R1 = 0.1127, wR2 = 0.3239 

Final R indexes [all data] R1 = 0.1710, wR2 = 0.3921 

Largest diff. peak/hole / e Å-3 0.73/-0.59 
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Figure S5-4. X-ray crystal structure of 5a. a) Top view and b) side view. The thermal ellipsoids 

are scaled to 50% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, 

and all hydrogen atoms are omitted for clarity. 
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Table S3-5. Crystal data and structure refinement for 5b. 

 

Identification code 5b 

Empirical formula C160H170N14Ni3 

Formula weight 2465.22 

Temperature/K 101(2) 

Crystal system triclinic 

Space group P-1 

a/Å 11.99689(17) 

b/Å 15.9669(2) 

c/Å 23.9854(3) 

α/° 73.5180(12) 

β/° 89.4513(11) 

γ/° 80.3482(12) 

Volume/Å3 4339.82(11) 

Z 1 

ρcalcg/cm3 0.943 

μ/mm-1 0.719 

F(000) 1312.0 

Crystal size/mm3 0.3 × 0.2 × 0.05 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.48 to 133.2 

Index ranges -13 ≤ h ≤ 14, -19 ≤ k ≤ 19, -28 ≤ l ≤ 28 

Reflections collected 61951 

Independent reflections 15306 [Rint = 0.0450, Rsigma = 0.0328] 

Data/restraints/parameters 15306/272/931 

Goodness-of-fit on F2 1.094 

Final R indexes [I>=2σ (I)] R1 = 0.0625, wR2 = 0.1625 

Final R indexes [all data] R1 = 0.0658, wR2 = 0.1652 

Largest diff. peak/hole / e Å-3 0.72/-0.53 
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Figure S5-5. X-ray crystal structure of 5b. a) Top view and b) side view. The thermal ellipsoids 

are scaled to 50% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, 

and all hydrogen atoms are omitted for clarity. 
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Table S3-6. Crystal data and structure refinement for 6. 

 

Identification code 6 

Empirical formula C160H164N14Ni3 

Formula weight 2459.17 

Temperature/K 100.27(10) 

Crystal system triclinic 

Space group P-1 

a/Å 19.5178(5) 

b/Å 27.7250(9) 

c/Å 28.7677(6) 

α/° 104.436(2) 

β/° 95.669(2) 

γ/° 104.971(3) 

Volume/Å3 14340.6(7) 

Z 3 

ρcalcg/cm3 0.854 

μ/mm-1 0.653 

F(000) 3918.0 

Crystal size/mm3 0.1 × 0.04 × 0.03 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.658 to 134.16 

Index ranges -14 ≤ h ≤ 23, -33 ≤ k ≤ 33, -34 ≤ l ≤ 34 

Reflections collected 82935 

Independent reflections 50539 [Rint = 0.0761, Rsigma = 0.1492] 

Data/restraints/parameters 50539/195/2449 

Goodness-of-fit on F2 0.984 

Final R indexes [I>=2σ (I)] R1 = 0.0983, wR2 = 0.2607 

Final R indexes [all data] R1 = 0.1492, wR2 = 0.3045 

Largest diff. peak/hole / e Å-3 1.02/-0.65 
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Figure S5-6. X-ray crystal structure of 6. a) Top view and b) side view for one configuration of 6; 

c) top view and d) side view for another configuration of 6. The thermal ellipsoids are scaled to 

30% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, and all 

hydrogen atoms are omitted for clarity. 
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Table S3-7. Crystal data and structure refinement for 6-Cl. 

 

Identification code 6-Cl 

Empirical formula C480H487Cl3N42Ni9 

Formula weight 7478.83 

Temperature/K 100.01(10) 

Crystal system triclinic 

Space group P-1 

a/Å 19.8298(3) 

b/Å 27.6668(4) 

c/Å 28.8267(4) 

α/° 104.2487(11) 

β/° 96.2653(12) 

γ/° 105.3083(13) 

Volume/Å3 14526.0(4) 

Z 1 

ρcalcg/cm3 0.855 

μ/mm-1 0.773 

F(000) 3964.0 

Crystal size/mm3 0.3 × 0.08 × 0.08 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.202 to 133.202 

Index ranges -23 ≤ h ≤ 23, -32 ≤ k ≤ 32, -34 ≤ l ≤ 34 

Reflections collected 302803 

Independent reflections 51221 [Rint = 0.0734, Rsigma = 0.0668] 

Data/restraints/parameters 51221/426/2621 

Goodness-of-fit on F2 0.959 

Final R indexes [I>=2σ (I)] R1 = 0.0982, wR2 = 0.2645 

Final R indexes [all data] R1 = 0.1384, wR2 = 0.2935 

Largest diff. peak/hole / e Å-3 1.15/-0.58 

https://www.ccdc.cam.ac.uk/mystructures/viewinaccessstructures/8cdb7c4d-e7d6-ee11-96be-00505695281c
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a) 

 

b) 

 

Figure S5-7. X-ray crystal structure of 6-Cl. a) Top view and b) side view for one configuration of 

6-Cl. The thermal ellipsoids are scaled to 50% probability level. Solvent molecules, tert-butyl 

groups of meso-aryl substituents, and all hydrogen atoms are omitted for clarity. 
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Table S3-8. Crystal data and structure refinement for 15. 

 

Identification code 15 

Empirical formula C128H122Cl5F6N10Ni2Sb 

Formula weight 2330.77 

Temperature/K 100.01(10) 

Crystal system triclinic 

Space group P-1 

a/Å 16.6924(4) 

b/Å 19.0219(5) 

c/Å 21.9272(6) 

α/° 80.695(2) 

β/° 71.430(2) 

γ/° 72.720(2) 

Volume/Å3 6284.6(3) 

Z 2 

ρcalcg/cm3 1.232 

μ/mm-1 3.485 

F(000) 2412.0 

Crystal size/mm3 0.3 × 0.3 × 0.3 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 4.878 to 133.2 

Index ranges -19 ≤ h ≤ 15, -22 ≤ k ≤ 21, -26 ≤ l ≤ 22 

Reflections collected 41474 

Independent reflections 22203 [Rint = 0.0480, Rsigma = 0.0711] 

Data/restraints/parameters 22203/542/1462 

Goodness-of-fit on F2 1.033 

Final R indexes [I>=2σ (I)] R1 = 0.1035, wR2 = 0.2774 

Final R indexes [all data] R1 = 0.1193, wR2 = 0.2938 

Largest diff. peak/hole / e Å-3 3.85/-2.76 
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Figure S5-8. X-ray crystal structure of 15. a) Top view and b) side view. The thermal ellipsoids 

are scaled to 30% probability level. Solvent molecules, tert-butyl groups of meso-aryl substituents, 

and all hydrogen atoms are omitted for clarity. 



S74 

 

8. DFT Calculations 

All calculations were carried out using the Gaussian 09 program.[9] Initial geometries of 4a, 

4b, 6 and 10 were from corresponding X-ray structures. Structures were optimized without 

any symmetry restriction. Geometry optimizations in the ground state were performed by the 

density functional theory (DFT) with B3LYP (Becke’s three-parameter hybrid exchange 

functionals and the Lee-Yang-Parr correlation functional)[10] level employing a basis set of 

6-31G(d) for all of the atoms. The nucleus independent chemical shifts (NICS) values were 

obtained with the GIAO method based on the optimized structures. All of the Bq atoms (noted as 

A-Z) were placed in the geometrical center of the five- or six-membered rings. 

 

Figure S6-1. Molecular orbital diagrams of 4a, 4b, 6 and 10. a) HOMO and b) LUMO of 4a; c) 

HOMO and d) LUMO of 4b; e) HOMO and f) LUMO of 6; g) HOMO and h) LUMO+1 of 10. 

3,5-Di-tert-butylphenyl and 2,4,6-trimethylphenyl are replaced by phenyl for simplification. 
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 A B C D E F G H I J K L M 

4a -5.51 -17.23 -10.34 -16.73 -16.42 -6.32 -16.39 -6.98 -1.00 -5.07 -1.96 -5.17 1.47 

4b -6.23 -16.61 -7.00 -16.81 -16.51 -5.56 -17.29 -10.53 -0.97 -5.99 1.58 -4.25 0.82 

 N O P Q R S T U V W X Y Z 

4a 1.06 -5.03 2.13 -4.62 -0.89 -9.89 -17.10 -5.79 -16.37 -16.86 -6.94 -16.38 -6.11 

4b 0.88 -4.16 1.59 -5.89 -1.07 -10.55 -17.21 -5.57 -16.61 -16.83 -6.97 -16.72 -6.43 

Figure S6-2. Calculated NICS(0) values of 4a and 4b. 
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