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Instrumentation and Materials 

1H NMR (600 MHz) and 13C NMR (151 MHz) were taken on a JEOL ECA-600 spectrometer.  

Chemical shifts were reported as the delta scale in ppm relative to CHCl3 as internal 

references for 1H NMR (  = 7.260 ppm), and CHCl3 for 13C NMR (  = 77.0 ppm).  UV/vis 

absorption and steady-state fluorescence spectra were recorded on a Shimadzu UV-2550 

spectrometer and a Shimadzu RF-5300PC spectrometer, respectively.  MALDI-TOF mass 

spectra were obtained with a Shimadzu/KRATOS KOMPACT MALDI 4 spectrometer, using 

positive-MALDI ionization method without matrix.  High-resolution ESI-TOF mass spectra 

were taken on a Bruker microTOF.  Recycling preparative GPC-HPLC was carried out on 

JAI LC-908 using preparative JAIGEL-2H, 2.5H, and 3H.  X-Ray data was taken on a Bruker 

SMART APEX X-Ray diffractometer equipped with a large area CCD detector using MoK  

radiation (l = 0.71070 Å).  Unless otherwise noted, materials obtained from commercial 

suppliers were used without further purification. 

 

Experimental Section 

2-Hydroxy-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin (4a). 

 To a solution of 3a (72.2 mg, 72.2 μmol) in a mixture of deoxygenated THF/acetone/H2O (4 

ml, 10/2/1, v/v), Oxone®  (133 mg, 216 μmol) was added and stirred at room temperature 

for 1.5 h under argon atmosphere. The reaction was quenched with aqueous Na2S2O3, and 

the product was extracted with CH2Cl2. Deep burgundy layer was washed with water and 

brine, dried over anhydrous MgSO4, and concentrated in vacuo. The crude material was 

purified by column chromatography on silica with hexane/CH2Cl2 = 1/1 to give 4a (51.3mg, 

80%) as a purple solid. 1H NMR (CDCl3):  9.82 (s, 1H, Hm), 9.14 (dd, J1 = 4.6 Hz, J2 = 1.4 Hz, 

1H), 8.93 (dd, J1 = 4.6 Hz, J2 = 1.4 Hz, 1H), 8.79 (dd, J1 = 5.0 Hz, J2 = 1.8 Hz, 1H), 8.67 (d, J = 

4.6 Hz, 1H), 8.60 (d, J = 4.6 Hz, 1H), 8.59 (dd, J1 = 5.0 Hz, J2 = 1.8 Hz, 1H), 8.02 (d, J = 1.8 Hz, 

1H), 7.97 (d, J = 1.8 Hz, 1H), 7.81 (d, J = 1.4 Hz, 1H), 7.78 (t, J = 1.8 Hz, 1H), 7.74 (t, J = 1.8 Hz, 

1H), 7.73 (t, J = 1.8 Hz, 1H), 4.73 (s, 1H), 1.51 (s, 9H), 1.481 (s, 9H), 1.475 (s, 9H), –1.97 (brs, 
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1H), and –2.22 (brs, 1H); UV/Vis (CHCl3): max = 421, 522, 559, 593, and 648 nm; HR-MS 

(ESI-MS): m/z = 891.5934, calcd for (C62H76N4O)+ = 891.5935 ([M + H]+). 

 

2,18-Dihydroxy-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin (4b). 

 To a solution of 3b (100mg, 88.7 μmol) in a mixture of deoxygenated THF/acetone/H2O 

(4ml, 10/2/1, v/v), Oxone® (218 mg, 0.355 mmol) was added and stirred at room 

temperature for 1.5 h under argon atmosphere. The reaction was quenched with aqueous 

Na2S2O3, and the product was extracted with CH2Cl2. Deep burgundy layer was washed 

with water and brine, dried over anhydrous MgSO4, and concentrated in vacuo. The crude 

material was purified by column chromatography on silica with ethyl acetate/CH2Cl2 (1/10, 

v/v) to give 4b (74.5mg, 93%) as a purple solid. 1H NMR (CDCl3):  10.38 (s, 1H, Hm), 8.77 (d, 

J = 4.6 Hz, 1H), 8.63 and 8.62 (ABq, J = 4.6 Hz, 2H), 8.59 (d, J = 4.6 Hz, 1H), 8.16 (s, 1H), 8.00 

(d, J = 1.8 Hz, 2H), 7.98 (d, J = 1.8 Hz, 2H), 7.84 (d, J = 1.8 Hz, 2H), 7.76 (t, J = 1.8 Hz, 1H), 

7.75 (t, J = 1.8 Hz, 1H), 7.74 (t, J = 1.8 Hz, 1H), 4.82 (s, 2H), 1.51 (s, 18H), 1.50 (s, 18H), 1.48 (s, 

18H), –2.31 (brs, 1H) and –2.40 (brs 1H); UV/Vis (CHCl3): max = 430, 526, 565, 599, and 655 

nm; HR-MS (ESI-MS): m/z = 907.5885, calcd for (C62H75N4O2)
+ = 907.5885 ([M + H]+). 

 

2-Trifluoromethanesulfonyloxy-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin (5a). 

 A flask containing 4a (51.3 mg, 57.6 μmol), Cs2CO3 (28.2 mg, 86.6 μmol), and 

N-phenylbis(trifluoromethansulfonyl)amide (31.6 mg, 88.5 μmol) was flushed with argon, 

and then charged with DMF. The mixture was then stirred at room temperature for 12 h. 

The reaction was quenched by aqueous HCl (10%, w/w) and poured into separation funnel 

with CH2Cl2. The organic layer was neutralized with saturated aqueous NaHCO3 solution, 

washed with water and brine, dried over anhydrous Na2SO4, then evaporated in vacuo. The 

crude material was purified by column chromatography on silica with hexane/CH2Cl2 (1/1, 

v/v) to give 5a (50.0 mg, 85%) as a purple solid. 1H NMR (CDCl3):  10.17 (s, 1H, Hm), 9.43 (d, 

J = 4.6 Hz, 1H), 9.13 (d, J = 4.6 Hz, 2H), 9.05 (d, J = 5.0 Hz, 1H), 8.98 (d, J = 5.0 Hz, 1H), 
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8.84,8.81 (ABq, J = 4.6 Hz, 2H), 8.77 (s, 1H), 8.08 (d, J = 1.8 Hz, 2H), 8.07 (d, J = 1.8 Hz, 2H), 

8.03 (d, J = 1.8 Hz, 2H), 7.82 (t, J = 1.8 Hz, 1H), 7.81 (t, J = 1.8 Hz, 1H), 7.79 (t, J = 1.8 Hz, 1H), 

1.54 (s, 18H), 1.53 (s, 18H), 1.50 (s, 18H), –2.92 and –2.95 (brs, 2H); UV/Vis (CHCl3): max = 

418 (450000), 516 (17000), 551 (4600), 587 (5000), and 641 (4600) nm; HR-MS (ESI-MS): m/z = 

1023.5426, calcd for (C63H74F3N4O3S)+ = 1023.5428 ([M + H]+). 

 

2,18-Bis(trifluoromethanesulfonyloxy)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin (5b). 

 A flask containing 4b (110 mg, 121 μmol), Cs2CO3 (118 mg, 362 μmol), and 

N-phenylbis(trifluoromethansulfonyl)amide (130 mg, 365 μmol) was flushed with argon, 

and then charged with DMF. The mixture was then stirred at room temperature for 12 h. 

The reaction was quenched by aqueous HCl (10%, w/w) and poured into separation funnel 

with CH2Cl2. The organic layer was neutralized with saturated aqueous NaHCO3 solution, 

washed with water and brine, dried over anhydrous Na2SO4, then evaporated in vacuo. The 

crude material was purified by column chromatography on silica with hexane/CH2Cl2 (1/1, 

v/v) to give 5b (122 mg, 86%) as a purple solid. 1H NMR (CDCl3):  10.09 (s, 1H, Hm), 8.93 

and 8.87 (AB, J = 4.6 Hz, 4H), 8.86 (s, 2H), 8.05 (d, J = 1.8 Hz, 4H), 8.00 (d, J = 1.8 Hz, 2H), 

7.82 (t, J = 1.8 Hz, 2H), 7.79 (t, J = 1.8 Hz, 1H), 1.53 (s, 36H), 1.49 (s, 18H), and –2.87 (s, 2H); 

UV/Vis (CHCl3): max = 420 (410000), 517 (17000), 553 (7100), 591 (5600), and 646 (3800) nm; 

HR-MS (ESI-MS): m/z = 1171.4812, calcd for (C64H73F6N4O6S2)
+ = 1171.4870 ([M + H]+). 

 

2-Trifluoromethanesulfonyloxy-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin Zn(II) 

(6aZn). 

 Zn(OAc)2 (27.6 mg, 150 μmol) was added into a solution of free-base porphyrin 5a (39.0 mg, 

28.3 μmol) dissolved in CHCl3/MeOH (5:1 v/v) (2 mL). After stirring at room temperature 

for 2 h, the reaction mixture was extracted with CH2Cl2. The organic layer was then washed 

with aqueous NaHCO3 and brine, dried over anhydrous MgSO4, and concentrated in vacuo 

to give 30.7 mg (100%) of 6aZn as a purple solid. 1H NMR (CDCl3):  10.19 (s, 1H, Hm), 9.41 
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(d, J = 3.7 Hz, 1H), 9.12 (d, J = 3.7 Hz, 1H), 9.04 and 8.996 (ABq, J = 4.6 Hz, 2H), 9.021 and 

8.999 (ABq, J = 4.6 Hz, 2H), 8.93 (s, 1H), 8.08 (d, J = 1.8 Hz, 2H), 8.07 (d, J = 1.8 Hz, 2H), 8.04 

(d, J = 1.8 Hz, 2H), 7.814 (t, J = 1.8 Hz, 1H), 7.807 (t, J = 1.8 Hz, 1H), 7.78 (t, J = 1.8 Hz, 1H), 

1.54 (s, 18H), 1.53 (s, 18H) and 1.50 (s, 18H); UV/Vis (CHCl3): max = 421 (460000), 550 

(17000) and 589 (5500) nm; HR-MS (ESI-MS): m/z = 1084.4498, calcd for (C63H71F3N4O3SZn)+ = 

1084.4485 ([M + H]+). 

 

2,18-Bis(trifluoromethanesulfonyloxy)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin 

Zn(II) (6bZn). 

 1H NMR (CDCl3):  10.15 (s, 1H, Hm), 9.03 and 8.99 (AB, J = 4.6 Hz, 4H), 8.93 (s, 2H), 8.05 (d, 

J = 1.9 Hz, 4H), 8.02 (d, J = 1.9 Hz, 2H), 7.82 (t, J = 1.9 Hz, 2H), 7.78 (t, J = 1.8 Hz, 1H), 1.53 (s, 

36H) and 1.49 (s, 18H); UV/Vis (CHCl3): max = 425 (540000), 512 (2400), 555 (19000) and 595 

(5500) nm; Fluorescence (CHCl3, ex = 425 nm) max = 601 and 653 nm.; HR-MS (ESI-MS): m/z 

= 1269.3637, calcd for (C64H70F6N4O6S2ZnCl)- = 1269.3616 ([M]–). 

 

2-Trifluoromethanesulfonyloxy-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin Ni(II) 

(6aNi). 

 An excess amount of Ni(acac)2 was added into a solution of free-base porphyrin 5a (51.4 

mg, 50.2 μmol) dissolved in toluene (50 mL). After refluxing for 18 h, the reaction mixture 

was extracted with CH2Cl2. The organic layer was then washed with aqueous NaHCO3 and 

brine, dried over anhydrous MgSO4, and concentrated in vacuo to give 50.8 mg (94%) of 

6aZn as a purple solid. 1H NMR (CDCl3):  9.82 (s, 1H, Hm), 9.16 (d, J = 4.6 Hz, 1H), 8.93 (d, J 

= 4.6 Hz, 1H), 9.83-8.80 (m, J = 4.6 Hz, 4H), 8.75 (s, 1H), 7.88 (d, J = 1.8 Hz, 2H), 7.87 (d, J = 

1.8 Hz, 2H), 7.85 (d, J = 1.8 Hz, 2H), 7.76 (t, J = 1.8 Hz, 1H), 7.75 (t, J = 1.8 Hz, 1H), 7.72 (t, J = 

1.8 Hz, 1H), 1.54 (s, 18H), 1.53 (s, 18H) and 1.50 (s, 18H); UV/Vis (CHCl3): max = 413 

(260000) and 525 (19000) nm; HR-MS (ESI-MS): m/z = 1079.4652, calcd for (C63H72F3N4O3SNi)+ 

= 1079.4625 ([M + H]+). 
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2,18-Bis(trifluoromethanesulfonyloxy)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin 

Ni(II) (6bNi). 

 Ni(acac)2 (219 mg, 0.854 mmol) was added into a solution of free-base porphyrin 5b (100 

mg, 85.4 μmol) dissolved in toluene (50 mL). After refluxing for 18 h, the reaction mixture 

was extracted with CH2Cl2. The organic layer was then washed with aqueous NaHCO3 and 

brine, dried over anhydrous MgSO4, and concentrated in vacuo to give 95.3 mg (91%) of 

6bNi as a purple solid. 1H NMR (CDCl3):  9.81 (s, 1H, Hm), 8.83 (m, 4H), 8.76 (s, 2H), 7.87 (d, 

J = 1.9 Hz, 4H), 7.83 (d, J = 1.9 Hz, 2H), 7.82 (t, J = 1.9 Hz, 2H), 7.77 (t, J = 1.8 Hz, 1H), 1.57 (s, 

36H) and 1.46 (s, 18H); UV/Vis (CHCl3): max = 415 (220000) and 527 (17000) nm; HR-MS 

(ESI-MS): m/z = 1227.4057, calcd for (C64H71F6N4O6S2Ni)+ = 1227.4067 ([M + H]+). 

 

2-(Trimethylsilylethynyl)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin Zn(II) (7aZn). 

 Trimethylsilylacetylene (14 μL, 100 μmol) was added dropwise into a suspension of 6aZn 

(27.1 mg, 24.9 μmol), Pd(PPh3)4 (2.8 mg, 2.4 μmol), and CuI (1.3 mg, 6.8 μmol) in 

DMF/Et3N/toluene (3/1/1, v/v/v) (1.5 mL) and the Schlenk flask was sealed. After stirring 

at 70 ºC for 3 h, the reaction mixture was passed through a plug of silica gel with CH2Cl2. 

The crude product was purified by column chromatogram (silica gel, CH2Cl2/hexane) to 

give 22.6 mg (87%) of 7aZn as a purple solid. 1H NMR (CDCl3):  10.42 (s, 1H, Hm), 9.42 (d, J 

= 4.6 Hz, 1H), 9.12 (d, J = 3.7 Hz, 1H), 9.18 (s, 1H), 9.10 (d, J = 4.6 Hz, 1H), 8.99 and 8.97 (ABq, 

J = 4.6 Hz, 2H), 8.95 and 8.94 (ABq, J = 4,6 Hz, 2H), 8.08 (d, J = 1.9 Hz, 2H), 8.03 (d, J = 1.9 Hz, 

4H), 7.79 (t, J = 1.9 Hz, 2H), 7.75 (t, J = 1.9 Hz, 1H), 1.53 (s, 18H), 1.52 (s, 18H), 1.49 (s, 18H) 

and 0.55 (s, 9H); UV/Vis (CHCl3): max = 429 (390000), 513 (3500) , 555 (19000) and 591 (5500) 

nm; Fluorescence (CHCl3, ex = 429 nm) max = 605 and 654 nm.; HR-MS (ESI-MS): m/z = 

1032.5369, calcd for (C67H80N4SiZn)+ = 1032.5438 ([M + H]+). 

 

2,18-Bis(trimethylsilylethynyl)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin Zn(II) 
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(7bZn). 

 Trimethylsilylacetylene (108 μL, 0.759 mmol) was added dropwise into a suspension of 

6bZn (94.4 mg, 76.5 μmol), Pd(PPh3)4 (8.83 mg, 7.65 μmol), and CuI (3.00 mg, 15.8 μmol) in 

DMF/Et3N/toluene (3/1/1, v/v/v) (10 mL) and the Schlenk flask was sealed.  After 

stirring at 65 ºC for 3 h, the reaction mixture was passed through a plug of silica gel with 

CH2Cl2. The crude product was purified by column chromatogram (silica gel, 

CH2Cl2/hexane) to give 76.7 mg (89%) of 7bZn as a purple solid. 1H NMR (CDCl3):  10.66 (s, 

1H, Hm), 9.18 (s, 2H), 8.91 and 8.90 (AB, J = 4.9 Hz, 4H), 8.01 (d, J = 1.8 Hz, 4H), 8.00 (d, J = 

1.8 Hz, 2H), 7.79 (t, J = 1.8 Hz, 2H), 7.75 (t, J = 1.8 Hz, 1H), 1.52 (s, 36H), 1.48 (s, 18H) and 

0.53 (s, 18H); UV/Vis (CHCl3): max = 440 (430000), 564 (23000), and 613 (2600) nm; 

Fluorescence (CHCl3, ex = 440 nm) max = 613 and 663 nm.; HR-MS (ESI-MS): m/z = 1165.5566, 

calcd for (C72H89N4Si2ZnCl)– = 1165.5528 ([M + Cl]–) 

 

2-(Trimethylsilylethynyl)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin Ni(II) (7aNi). 

 Trimethylsilylacetylene (132 μL, 0.926 mmol) was added dropwise into a suspension of 

6aNi (100 mg, 92.6 μmol), PdCl2(PPh3)2 (6.50 mg, 9.26 μmol), and CuI (4.42 mg, 23.2 μmol) in 

DMF/Et3N/toluene (3/1/1, v/v/v) (6 mL) and the Schlenk flask was sealed. After stirring 

at 70 ºC for 1.5 h, the reaction mixture was passed through a plug of silica gel with CH2Cl2. 

The crude product was purified by column chromatogram (silica gel, CH2Cl2/hexane) to 

give 85.9 mg (90%) of 7aNi as a purple solid. 1H NMR (CDCl3):  10.02 (s, 1H, Hm), 9.17 (d, J 

= 4.6 Hz, 1H), 8.96 (s, 1H), 8.91 (d, J = 4.6 Hz, 1H), 8.79 (m, 4H), 7.89 (d, J = 1.9 Hz, 2H), 7.85 

(d, J = 1.9 Hz, 2H), 7.83 (d, J = 1.9 Hz, 2H), 7.73 (t, J = 1.9 Hz, 2H), 7.70 (t, J = 1.9 Hz, 1H), 1.54 

(s, 18H), 1.48 (s, 18H), 1.45 (s, 18H) and 0.52 (s, 9H); UV/Vis (CHCl3): max = 302 (21000), 420 

(270000), 530 (21000) and 565 (11000) nm.; HR-MS (ESI-MS): m/z = 1027.5543, calcd for 

(C67H81N4SiNi)+ = 1027.5578 ([M + H]+). 

 

2,18-Bis(trimethylsilylethynyl)-5,10,15-tris(3,5-di-tert-butylphenyl)porphyrin Ni(II) 




























