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I. Materials and Methods 

1. General Experimental Methods 
All reagents and solvents were of commercial reagent grade and were used without further purification 

except where noted. Silica gel column chromatography was performed on Wakogel® C-200 and C-300. 

Alumina column chromatography was performed on Sumitomo Active alumina. Thin-layer 

chromatography (TLC) was carried out on aluminum sheets coated with silica gel 60 F254 (Merck 5554). 1H 

(600.17 MHz) and 19F (564.73 MHz) NMR spectra were recorded on a JEOL ECA-600 spectrometer, and 

chemical shifts were reported as the delta scale in ppm relative to CHCl3 as internal reference for 1H (δ = 

7.260 ppm), and hexafluorobenzene as external reference for 19F (δ = –162.9 ppm). NMR signals were 

assigned from the 1H–1H COSY spectra and comparison with the spectra in the presence of D2O (signals 

assigned for NH protons disappear in the presence of D2O). High-resolution ESI-TOF mass spectra of 

samples in acetonitrile were recorded on a BRUKER micrOTOF LC by using the ESI-TOF method in the 

positive and negative ion mode. UV/Vis/NIR absorption spectra were recorded on a Shimadzu UV-3600PC 

spectrometer. X-Ray single crystal diffraction analyses were performed on a Rigaku XtaLAB P200 apparatus 

at –180 °C using two-dimensional detector PILATUS 100K/R with CuKα radiation (λ = 1.54187 Å). The 

structures were solved by direct method SIR-97 and refined by SHELXL-97 program.
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2. Synthetic Procedures and Compound Data 

5,20-bis(α-bithienyl)-10,15,25,30-tetrakis(pentafluorophenyl) [26]hexaphyrins T2 and 5,20-bis 

(α-terthienyl)-10,15,25,30-tetrakis(pentafluorophenyl) [26]hexaphyrins T3. 

To a solution of 5,10-bis(pentafluorophenyl)tripyrromethane (280 mg, 0.50 mmol; 1.0 equiv) and the 

corresponding oligothiophene-5-carbaldehyde (1.0 equiv) in dry dichloromethane (10.0 mM) was added 

methanesulfonic acid (2.5 M diluted with CH2Cl2; 20 mol%), and the resulting solution was stirred under N2 

atmosphere at 0 °C for 2 h. After the addition of 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ; 5.0 equiv), the 

solution was stirred for another 15 min, and then passed through a short alumina column with CH2Cl2 to 

remove tar. The reaction mixture was purified by silica-gel chromatography (CH2Cl2 : n-hexane = 1:2) 

followed by recrystallization from CH2Cl2/n-hexane to give the corresponding hexaphyrins. T2 as black 

crystals (85 mg; 22% yield) and T3 as brown crystals (43 mg; 10% yield), respectively. 

 

 

T2: 1H NMR (600 MHz, CDCl3, 213 K): δ (ppm) 8.23 (br s, 1H; inner NH), 8.21 (d, 2H, J = 3.7 Hz; outer β-H), 

8.16 (s, 2H; outer β-H), 7.89 (d, 2H, J = 3.7 Hz; outer β-H), 7.70 (d, 2H, J = 4.0 Hz; outer β-H), 7.61 (s, 2H; outer 

β-H), 6.88 (d, 2H, J = 3.7 Hz; bithienyl-H), 6.34 (t, 2H, J = 3.7 Hz; bithienyl-H), 5.76 (d, 2H, J = 4.0 Hz; outer 

β-H), 5.28 (d, 2H, J = 4.6 Hz; bithienyl-H), 5.13 (s, 2H, bithienyl-H), 5.12 (br s, 1H; inner NH), and 4.72 (d, 2H, 

J = 4.6 Hz; bithienyl-H); 19F NMR (565 MHz, CDCl3, 213 K): δ (ppm) –136.34 (d, 2F, J = 23.0 Hz; o-F), –136.52 

(d, 2F, J = 23.0 Hz; o-F), –136.87 (d, 2F, J = 23.0 Hz; o-F), –138.03 (d, 2F, J = 23.0 Hz; o-F), –150.11 (t, 2F, J = 22.0 

Hz; p-F), –150.51 (t, 2F, J = 22.0 Hz; p-F), –159.36 (br s, 2F; m-F), –159.60 (br s, 2F; m-F), –159.80 (br s, 2F; m-F), 

and –161.08 (br s, 2F; m-F). UV/vis (in CH2Cl2): λmax[nm] (ε [M-1cm-1]) = 380 (80000), 484 (36000), 548 (41000), 

636 (40000), 950 (11000), 1080 (7000). 
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T3: 1H NMR (600 MHz, CDCl3, 213 K): δ (ppm) 8.35 (br s, 1H; inner NH), 8.20 (d, 2H, J = 4.1 Hz; outer β-H), 

8.16 (s, 2H; outer β-H), 7.87 (d, 2H, J = 4.1 Hz; outer β-H), 7.76 (d, 2H, J = 4.6 Hz; outer β-H), 7.60 (s, 2H; outer 

β-H), 7.20 (d, 2H, J = 4.6 Hz; terthienyl-H), 6.97 (m, 2H; terthienyl-H), 6.90 (d, 2H, J = 3.2 Hz; terthienyl-H), 

6.45 (d, 2H, J = 3.2 Hz; terthienyl-H), 5.98 (d, 2H, J = 4.6 Hz; outer β-H), 5.29 (d, 2H, J = 4.1 Hz; terthienyl-H), 

5.22 (br s, 1H; inner NH), 5.15 (br s, 2H; terthienyl-H), and 4.78 (d, 2H, J = 4.1 Hz; terthienyl-H); 19F NMR 

(565 MHz, CDCl3, 213 K): δ (ppm) –136.41 (d, 2F, J = 23.0 Hz; o-F), –136.58 (d, 2F, J = 23.0 Hz; o-F), –136.87 (d, 

2F, J = 23.0 Hz; o-F), –137.96 (d, 2F, J = 23.0 Hz; o-F), –150.11 (t, 2F, J = 22.0 Hz; p-F), –150.82 (t, 2F, J = 22.0 Hz; 

p-F), –159.35 (m, 4F; m-F), –159.79 (br s, 2F; m-F), and –160.95 (br s, 2F; m-F). UV/vis (in CH2Cl2): λmax[nm] (ε 

[M-1cm-1]) = 418 (95000), 650 (37000), and 975 (10000). 

 

α-quaterthiophene-5-carbaldehyde s3 

 
According to the literature,[S1, S2] s1 (273 mg, 1.0 mmol), s2 (440 mg, 1.5 mmol), SPhos-Precat. (36 mg, 5 

mol%), and dry THF (5.0 mL; 0.2 M) were added to a Schlenk tube. To the mixture, degassed 0.5 M K3PO4 aq. 

(4.0 mL, 2.0 mmol) was added. The reaction mixture was stirred at 40 °C. After 8 h, the mixture was cooled 

to room temperature and CH2Cl2 was added to dissolve the solids. The organic phase was dried over Na2SO4. 

The solvent was removed under reduced pressure and the residue was purified by silica gel column 

chromatography (CH2Cl2) and recrystallization with CH2Cl2/MeOH to give s3 as brown solids (270 mg, 75% 

yield). 

 

[S1] T. Kinzel, Y. Zhang, S. L. Buchwald, J. Am. Chem. Soc. 2010, 132, 14073. 
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[S2] N. C. Bruno, M. T. Tudge, S. L. Buchwald, Chem. Sci. 2013, 4, 916. 

 

s3: 1H NMR (600 MHz, CDCl3, 300 K): δ (ppm) 9.87 (s, 1H), 7.67 (d, 1H, J = 3.7 Hz), 7.28 (d, 1H, J = 3.7 Hz), 

7.25 (m, 2H), 7.20 (dd, 1H, J1 = 0.9 Hz, J2 = 3.7 Hz), 7.13 (m, 2H), 7.10 (d, 1H, J = 3.7 Hz), and 7.04 (dd, 1H, J1 = 

3.7 Hz, J2 = 5.0 Hz); 13C NMR (151 MHz, CDCl3, 300 K): δ (ppm) 182.53, 141.83, 139.01, 137.51, 137.48, 136.93, 

135.20, 134.68, 128.14, 127.13, 125.27, 125,07, 124.70, 124.64, and 124.22. 

 

5,20-bis(α-quaterthienyl)-10,15,25,30-tetrakis(pentafluorophenyl) [26]hexaphyrins T4 

To a solution of 5,10-bis(pentafluorophenyl)tripyrromethane (140 mg, 0.25 mmol; 1.0 equiv) and 

α-quaterthiophene-5-carbaldehyde s3 (90 mg; 1.0 equiv) in dry dichloromethane (25 ml; 10.0 mM) was 

added methanesulfonic acid (2.5 M diluted with CH2Cl2; 20 mol%), and the resulting solution was stirred 

under N2 atmosphere at 0 °C for 2 h. After the addition of 2,3-dichloro-5,6-dicyanobenzoquinone (284 mg; 5.0 

equiv), the solution was stirred for another 20 min, and then passed through a short alumina column with 

CH2Cl2 as an eluent. The reaction mixture was purified by silica-gel chromatography (CH2Cl2 : n-hexane = 

1:1) followed by recrystallization from CH2Cl2/n-hexane to give T4 as greenish crystals (34 mg, 15%). 

 

 

T4: 1H NMR (600 MHz, CDCl3, 213 K): δ (ppm) 8.41 (br s, 1H; inner NH), 8.19 (d, 2H, J = 4.1 Hz; outer β-H), 

8.14 (s, 2H; outer β-H), 7.86 (d, 2H, J = 4.1 Hz; outer β-H), 7.79 (d, 2H, J = 4.6 Hz; outer β-H), 7.59 (s, 2H; outer 

β-H), 7.25 (dd, 2H, J1 = 0.9 Hz, J2 = 5.0 Hz; quaterthienyl-H), 7.15 (dd, 2H, J1 = 0.9 Hz, J2 = 5.0 Hz; 

quaterthienyl-H), 7.02 (m, 2H; quaterthienyl-H), 7.01 (d, 2H, J = 3.7 Hz; quaterthienyl-H), 6.81 (d, 2H, J = 3.7 

Hz; quaterthienyl-H), 6.45 (d, 2H, J = 3.6 Hz; quaterthienyl-H), 6.05 (d, 2H, J = 4.6 Hz; outer β-H), 5.41 (br s, 

1H; inner NH), 5.30 (d, 2H, J = 4.1 Hz; quaterthienyl-H), 5.20 (d, 2H, J = 3.6 Hz; quaterthienyl-H), and 4.82 (d, 

2H, J = 4.1 Hz; quaterthienyl-H); 19F NMR (565 MHz, CDCl3, 213 K): δ (ppm) –136.53 (m, 4F; o-F), –136.90 (d, 

2F, J = 23.0 Hz; o-F), –138.00 (d, 2F, J = 23.0 Hz; o-F), –150.34 (t, 2F, J = 22.0 Hz; p-F), –150.88 (t, 2F, J = 22.0 Hz; 
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p-F), –159.60 (m, 4F; m-F), –160.02 (br s, 2F; m-F), and –161.00 (br s, 2F; m-F). UV/vis (in CH2Cl2): λmax[nm] (ε 

[M-1cm-1]) = 432 (102000), 557 (60000), and 1004 (17000). 

 

5,15-bis(pentafluorophenyl)-10,20-bis(2-thienyl)porphyrin P1 & 

5,15-bis(pentafluorophenyl)-10,20-bis(5-bromo-2-thienyl)porphyrin P1Br 

 
To a solution of 5-pentafluorophenyldipyrromethane s4 (156 mg, 0.50 mmol; 1.0 equiv) and the 

corresponding thiophene-carboxaldehyde s5 or s6 (1.0 equiv) in dry dichloromethane (50 ml; 10 mM) was 

added methanesulfonic acid (2.5 M diluted with CH2Cl2; 25 mol%), and the resulting solution was stirred 

under N2 atmosphere at 0 °C for 2 h. After the addition of 2,3-dichloro-5,6-dicyanobenzoquinone (340 mg; 3.0 

equiv), the solution was stirred for another 30 min, and then passed through a short alumina column with 

CH2Cl2 as an eluent. The reaction mixture was purified by silica-gel chromatography (CH2Cl2 : n-hexane = 

1:1) followed by recrystallization from CH2Cl2/n-hexane to give P1 (65 mg, 32%) or P1Br (156 mg, 56%) as 

purple crystals. 

 

P1: 1H NMR (600 MHz, CDCl3, 300 K): δ (ppm) 9.15 (d, 4H, J = 4.6 Hz; β-H), 8.79 (d, 4H, J = 4.6 Hz; β-H), 7.95 

(dd, 2H, J1 = 5.5 Hz, J2 = 1.4 Hz; thienyl-H), 7.90 (br d, 2H, J = 5.5 Hz; thienyl-H), 7.53 (dd, 2H, J1 = 5.5 Hz, J2 = 

3.2 Hz; thienyl-H), and –2.74 (br s, 2H; inner NH); 19F NMR (565 MHz, CDCl3, 300 K): δ (ppm) –136.66 (dd, 4F, 

J1 = 25.2 Hz, J2 = 7.0 Hz; o-F), –152.11 (t, 2F, J = 22.0 Hz; p-F), and –160.90 (br t, 4H, J = 22.0 Hz; m-F). UV/vis 

(in CH2Cl2): λmax[nm] (ε [M-1cm-1]) = = 419 (360000), 514 (21000), 550 (4800), 591 (6700) and 650 (1500). HR 

ESI-TOF-MS (positive mode): m/z (% intensity): 807.0730 (100) [M+H]+, calcd for C40H17F10N4S2 = 807.0729. 

 

P1Br: 1H NMR (600 MHz, CDCl3, 300 K): δ (ppm) 9.20 (d, 4H, J = 4.6 Hz; β-H), 8.82 (d, 4H, J = 4.6 Hz; β-H), 

7.67 (dd, 2H, J1 = 3.7 Hz, J2 = 1.4 Hz; thienyl-H), 7.50 (dd, 2H, J1 = 3.7 Hz, J2 = 1.4 Hz; thienyl-H), and –2.80 (br 

s, 2H; inner NH); 19F NMR (565 MHz, CDCl3, 300 K): δ (ppm) –136.70 (dd, 4F, J1 = 25.2 Hz, J2 = 7.0 Hz; o-F), 

–152.76 (t, 2F, J = 22.0 Hz; p-F), and –161.60 (br t, 4H, J = 22.0 Hz; m-F). UV/vis (in CH2Cl2): λmax[nm] 

(nomalized) = 421 (1.000), 515 (0.061), 551 (0.017), 591 (0.021) and 652 (0.004). HR ESI-TOF-MS (positive 

mode): m/z (% intensity): 964.8929 (100) [M+H]+, calcd for C40H15F10N4S2Br2 = 964.8922. 
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General Procedure for the Synthesis of 5,15-bis(pentafluorophenyl)-10,20-bis(α-oligothienyl)porphyrins 

 
P1Br (48 mg, 50 µmol), the corresponding boronic acid pinacol ester (4.0 eq), SPhos-Precat. (3.6 

mg, 10 mol%), and dry THF (2.0 mL; 25 mM) were added to a Schlenk tube. To the mixture, degassed 0.5 M 

K3PO4 aq. (0.40 mL; 4.0 eq) was added. The reaction mixture was stirred at 40 °C. After 3 h, the mixture was 

cooled to room temperature and CH2Cl2 was added to dissolve the solids. The organic phase was dried over 

Na2SO4. The solvent was removed under reduced pressure and the residue was purified by silica gel column 

chromatography (CH2Cl2 : n-hexane = 1:1) and recrystallization with CH2Cl2/MeOH to give P2-hex (52 mg, 

91% yield) or P3 (34 mg, 60% yield) or P4 (20 mg, 31% yield) as brown or purple solids, respectively. (#P2 (n 

= 2, R = H) was difficult to isolate because of its low solubility.) 

 

P2-hex: 1H NMR (600 MHz, CDCl3, 300 K): δ (ppm) 9.28 (d, 4H, J = 4.6 Hz; β-H), 8.80 (d, 4H, J = 4.6 Hz; β-H), 

7.80 (d, 2H, J = 3.7 Hz; thienyl-H), 7.53 (d, 2H, J = 3.7 Hz; thienyl-H), 7.25 (d, 2H, J = 3.7 Hz; thienyl-H), 7.68 

(d, 2H, J = 3.7 Hz; thienyl-H), 2.90 (t, 4H, J = 7.7 Hz; hexyl-H), 1.77 (t, 4H, J = 7.7 Hz; hexyl-H), 1.53 (m, 4H; 

hexyl-H), 1.37 (m, 8H; hexyl-H), 0.93 (m, 6H; hexyl-H), and –2.70 (br s, 2H; inner NH); 19F NMR (565 MHz, 

CDCl3, 300 K): δ (ppm) –136.65 (dd, 4F, J1 = 25.2 Hz, J2 = 7.0 Hz; o-F), –152.02 (t, 2F, J = 22.0 Hz; p-F), and 

–160.73 (br t, 4H, J = 22.0 Hz; m-F). UV/vis (in CH2Cl2): λmax[nm] (ε [M-1cm-1]) = 421 (150000), 519 (18000), 566 

(10000), 591 (9800) and 659 (2500). HR ESI-TOF-MS (positive mode): m/z (% intensity): 1139.2363 (100) 

[M+H]+, calcd for C60H45F10N4S4 = 1139.2362. 

 

P3: 1H NMR (600 MHz, CDCl3, 300 K): δ (ppm) 9.29 (d, 4H, J = 4.6 Hz; β-H), 8.82 (d, 4H, J = 4.6 Hz; β-H), 7.84 

(d, 2H, J = 3.7 Hz; thienyl-H), 7.61 (d, 2H, J = 3.7 Hz; thienyl-H), 7.35 (d, 2H, J = 3.7 Hz; thienyl-H), 7.29 (m, 

4H; thienyl-H), 7.22 (d, 2H, J = 3.7 Hz; thienyl-H), 7.09 (m, 2H; thienyl-H), and –2.67 (br s, 2H; inner NH); 19F 

NMR (565 MHz, CDCl3, 300 K): δ (ppm) –136.68 (dd, 4F, J1 = 25.2 Hz, J2 = 7.0 Hz; o-F), –151.95 (t, 2F, J = 22.0 

Hz; p-F), and –160.70 (br t, 4H, J = 22.0 Hz; m-F). UV/vis (in CH2Cl2): λmax[nm] (ε [M-1cm-1]) = 418 (180000), 

517 (21000), 567 (13000), 591 (12000) and 657 (2200). HR ESI-TOF-MS (positive mode): m/z (% intensity): 

1135.0219 (100) [M+H]+, calcd for C56H25F10N4S6 = 1135.0238. 

 

P4: 1H NMR (600 MHz, CDCl3, 300 K): δ (ppm) 9.30 (d, 4H, J = 4.6 Hz; β-H), 8.82 (d, 4H, J = 4.6 Hz; β-H), 7.84 

(d, 2H, J = 3.7 Hz; thienyl-H), 7.62 (d, 2H, J = 3.7 Hz; thienyl-H), 7.36 (d, 2H, J = 3.7 Hz; thienyl-H), 7.23 (m, 

6H; thienyl-H), 7.19 (d, 2H, J = 3.7 Hz; thienyl-H), 7.15 (d, 2H, J = 3.7 Hz; thienyl-H), 7.05 (dd, 2H, J1 = 5.0 Hz, 
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J2 = 3.7 Hz; thienyl-H), and –2.67 (br s, 2H; inner NH); 19F NMR (565 MHz, CDCl3, 300 K): δ (ppm) –136.66 

(dd, 4F, J1 = 25.2 Hz, J2 = 7.0 Hz; o-F), –151.93 (t, 2F, J = 22.0 Hz; p-F), and –160.69 (br t, 4H, J = 22.0 Hz; m-F). 

UV/vis (in CH2Cl2): λmax[nm] (ε [M-1cm-1]) = 419 (160000), 515 (22000; shoulder), 571 (13000), 584 (13000) and 

659 (2200). HR ESI-TOF-MS (negative mode): m/z (% intensity): 1297.9887 (100) [M]–, calcd for C64H28F10N4S8 

= 1297.9914. 
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II. Supporting Figures and Tables 

1. Absorption Spectra 

 

Figure S1. UV/Vis/NIR absorption spectra of T1–T4 in various solvents. 
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Figure S2. Temperature dependent UV/Vis/NIR absorption spectra of T1 in 2-methyl THF (T = 77–297 K). 

 

 
Figure S3. Temperature dependent UV/Vis/NIR absorption spectra of T2 in 2-methyl THF (T = 77–297 K). 
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Figure S4. Temperature dependent UV/Vis/NIR absorption spectra of T3 in 2-methyl THF (T = 77–297 K). 

 

 
Figure S5. Temperature dependent UV/Vis/NIR absorption spectra of T4 in 2-methyl THF (T = 77–297 K). 
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2. 1H and 19F NMR Spectra 

 
Figure S6. Variable temperature 1H and 19F NMR spectra of T2 in CDCl3. *: Residual solvent peaks. 



 13 

 

Figure S7. Variable temperature 1H and 19F NMR spectra of T3 in CDCl3. *: Residual solvent peaks. 
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Figure S8. Variable temperature 1H and 19F NMR spectra of T4 in CDCl3. *: Residual solvent peaks. 
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Figure S9. (a) 1H and (b) 13C NMR spectra of s3 in CDCl3 at 25 °C. *: Residual solvent peaks. 

 

 
Figure S10. (a) 1H and (b) 19F NMR spectra of P1 in CDCl3 at 25 °C. *: Residual solvent peaks. 
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Figure S11. (a) 1H and (b) 19F NMR spectra of P1Br in CDCl3 at 25 °C. *: Residual solvent peaks. 

 

 
Figure S12. (a) 1H and (b) 19F NMR spectra of P2 in CDCl3 at 25 °C. *: Residual solvent peaks. 
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Figure S13. (a) 1H and (b) 19F NMR spectra of P3 in CDCl3 at 25 °C. *: Residual solvent peaks. 

 

 
Figure S14. (a) 1H and (b) 19F NMR spectra of P4 in CDCl3 at 25 °C. *: Residual solvent peaks. 
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Figure S15. 1H–1H COSY spectrum of T2 in CDCl3 at –60 °C. 
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Figure S16. 1H–1H COSY spectrrum of T3 in CDCl3 at –40 °C. 
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Figure S17. 1H–1H COSY spectrrum of T4 in CDCl3 at –40 °C. 
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3. ESI-TOF-MS Data 
 

 
Figure S18. Observed (top) and simulated (bottom) high-resolution ESI-TOF-MS of (a): T2, (b): T3, and (c): 

T4 in MeCN. 
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Figure S19. Observed (top) and simulated (bottom) high-resolution ESI-TOF-MS of (a): P1, (b): P2, (c): P1Br, 

(d): P3, and (e): P4 in MeCN. 
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4. Cyclic Voltammograms 
 

 
Figure S20. Cyclic voltammogram (CV; red line) of T1–T4. 

 

Table S1. Electrochemical potentials[a] and estimated HOMO–LIMO gaps (ΔE) of T1–T4. 

 

[a] Measured in CH2Cl2, potentials [V] vs ferrocene/ferrocenium ion. Scan rate, 0.05 Vs–1; working electrode, 

Pt; counter electrode, Pt wire; supporting electrolyte, 0.1 M Bu4NPF6. 
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5. Crystal Data 

 

Figure S21. X-Ray crystal structure of T2. Solvent molecules are omitted for clarity. The thermal ellipsoids 

represent 30% probability level. 
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Figure S22. X-Ray crystal structure of T3. Solvent molecules are omitted for clarity. The thermal ellipsoids 

represent 30% probability level. 
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Figure S23. X-Ray crystal structure of T4. Solvent molecules are omitted for clarity. The thermal ellipsoids 

represent 30% probability level. 
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Table S2. Crystal data for T2, T3, and T4. 
 T2 T3 T4 

formula 2(C70H24F20N6S4) 

1.84(C6H14) 

1.10(CH2Cl2) 

C78H28F20N6S6 

0.51(C7H16), C7, 

1.89(CH2Cl2) 

2(C86H32F20N6S8), 

2(C7H16), 0.44C7, 

1.53(CCl3), O 

Solvent CH2Cl2 

n-hexane 

CH2Cl2 

n-heptane 

CHCl3 

n-heptane 

Mr 3165.36 1882.68 4006.31 

T [K] 93 93 93 

crystal system triclinic monoclinic triclinic 

space group P-1 

(No. 2) 

C2/c 

(No. 15) 

P-1 

(No. 2) 

a [Å] 18.9073(16) 49.998(16) 17.2734(8) 

b [Å] 20.7452(6) 12.402(3) 18.9028(5) 

c [Å] 21.091(2) 35.242(11) 30.1289(17) 

α [°] 67.38(2) – 105.000(14) 

β [°] 77.21(2) 131.613(5) 92.92(2) 

γ [°] 65.257(13) – 107.23(3) 

V [Å3] 6917.2(9) 16338(8) 8988.7(7) 

Z 2 8 2 

ρcalcd [gcm-3] 1.520 1.531 1.481 

R1 [I > 2σ(I)] 0.0639 0.0850 0.1104 

wR2 [all data] 0.1805 0.2299 0.3750 

GOF 1.042 1.034 1.073 

CCDC Number 1025770 1025771 1025772 
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Figure S24. Selected bond length and HOMA value of T2 in the packing structure. #The unit cell contains 

two different hexaphyrins. The tripyrrodimethene units on the left half are included in the helical structure. 

 

 

Figure S25. Selected bond length and HOMA value of T3 in the packing structure. The tripyrrodimethene 

unit on the left half is included in the helical structure. 
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6. DFT Calculations 

All calculations were carried out using the Gaussian 09 program.S1 Initial geometries were 

obtained from X-ray structures. All structures were fully optimized without any symmetry restriction. The 

calculations were performed by the density functional theory (DFT) method with restricted B3LYP (Becke’s 

three-parameter hybrid exchange functionals and the Lee-Yang-Parr correlation functional),S2,S3 employing a 

basis set 6-31G(d) for C, H, N, and F. The NICS values and absolute 1H shielding values were obtained with 

the GIAO method at the B3LYP/6-31G(d) level. The 1H chemical shift values were calculated relative to 

CHCl3 (δ = 7.26 ppm, absolute shielding: 24.94 ppm). The global ring centers for the NICS values were 

designated at the nonweighted means of the carbon and nitrogen coordinates on the peripheral positions of 

macrocycles. In addition, NICS values were also calculated on centers of other local cyclic structures as 

depicted in the following figures. 

 

 

Figure S26. Frontier orbital diagrams of T0. 
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Figure S27. Frontier orbital diagrams of T1. 

 
Figure S28. Frontier orbital diagrams of T2. 
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Figure S29. Frontier orbital diagrams of T3. 

 

 
Figure S30. Frontier orbital diagrams of T4. 
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Figure S31. Summary of energy diagrams of T0–T4. 
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Figure S32. NICS values at various positions and simulated chemical shifts of T0. 

 

 
Figure S33. NICS values at various positions and simulated chemical shifts of T1 on the optimized structure. 



 34 

 

Figure S34. NICS values at various positions and simulated chemical shifts of T2 on the optimized structure.  
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Figure S35. NICS values at various positions and simulated chemical shifts of T3 on the optimized structure. 
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Figure S36. NICS values at various positions and simulated chemical shifts of T4 on the optimized structure. 
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Figure S37. Calculated absorption spectra on the basis of optimized structures (bars) and observed 

absorption spectra (lines) of T1. 
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Table S2. The detailed information about TD-DFT calculation of T1. (Excited state 1–15) 
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Figure S38. Calculated absorption spectra on the basis of optimized structures (bars) and observed 

absorption spectra (lines) of T2. 
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Table S3. The detailed information about TD-DFT calculation of T2. (Excited state 1–15) 
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Figure S39. Calculated absorption spectra on the basis of optimized structures (bars) and observed 

absorption spectra (lines) of T3. 
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Table S4. The detailed information about TD-DFT calculation of T3. (Excited state 1–15) 
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Figure S40. Calculated absorption spectra on the basis of optimized structures (bars) and observed 

absorption spectra (lines) of T4. 
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Table S5. The detailed information about TD-DFT calculation of T4. (Excited state 1–15) 
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Figure S41. Selected bond length and HOMA value of T0 on the optimized structure. 

 

 
Figure S42. Selected bond length and HOMA value of T1 on the optimized structure. The tripyrrodimethene 

unit on the left half is included in the helical structure. 
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Figure S43. Selected bond length and HOMA value of T2 on the optimized structure. The tripyrrodimethene 

unit on the left half is included in the helical structure. 
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Figure S44. Selected bond length and HOMA value of T1 on the optimized structure. The tripyrrodimethene 

unit on the left half is included in the helical structure. 
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Figure S45. Selected bond length and HOMA value of T4 on the optimized structure. The tripyrrodimethene 

unit on the left half is included in the helical structure. 
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Table S3. Summary of various spectral and photophysical data for T0–T4. 

 
[a]: The obtained data of T4 was not sufficient to discuss the bond length in details. 
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7. Femtosecond Transient Absorption Spectra and Decay Profiles 

 
Figure S46. Femtosecond transient absorption spectra of T1-T4 in toluene. 
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Figure S47. Decay profiles of T1-T4.    
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