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1. General experimental details 

All reactions were maintained under a nitrogen atmosphere unless otherwise stated. 

Commercially available reagents were used without further purification. Infrared (FT-

IR) spectra were recorded on a BRUKER VERTEX 70, νmax in cm-1. 1H-NMR spectra 

were recorded on a BRUKER AVANCE III HD (400 MHz) spectrometer. Chemical 

shifts are reported in ppm from tetramethylsilane with the solvent resonance as internal 

standard (CDCl3: δ 7.26). Data are reported as follows: chemical shift, multiplicity (s = 

singlet, d = doublet, t = triplet, q = quadruplet, br = broad, m = multiplet), coupling 

constants (Hz) and integration. 13C-NMR spectra were recorded on a BRUKER 

AVANCE III HD (100 MHz) spectrometer with complete proton decoupling. Chemical 

shifts are reported in ppm from tetramethylsilane with the solvent resonance as the 

internal standard (CDCl3: δ 77.16). 19F-NMR spectra were recorded on a BRUKER 

AVANCE III HD (377 MHz) spectrometer. Mass spectra were measured with an 

Agilent Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry 

(HRMS) were measured with a GCT PremierTM and BRUKER micrOTF-Q III. 

Melting points were measured using INESA WRR and values are uncorrected. Flash 

column chromatography was performed using 300-400 mesh silica gel with the 

indicated solvent system. 

2. General procedures for mono/di-sulfonylation of phenothiazines 

 

Mono-sulfonylation of phenothiazines: PTH (0.2 mmol, 55.1 mg) and RSO2Cl (0.2 

mmol) were loaded in a flask, which was subjected to evacuation/ flushing with N2 for 

3 times. MeCN (1.0 mL) was added to the mixture via syringe, which was irradiated by 

30 W blue LEDs (450 nm wavelength) and stirred at rt for 24 h. The mixture was 

concentrated in vacuo, and purified by flash column chromatography on silica gel 

(eluent: ethyl acetate/petroleum ether) to give the corresponding products. 
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Di-sulfonylation of phenothiazines: PTH (0.2 mmol, 55.1 mg), RSO2Cl (0.8 mmol) 

were loaded in a flask, which was subjected to evacuation/ flushing with N2 for 3 times. 

MeCN (1.0 mL) was added to the mixture via syringe, which was irradiated by 30 W 

blue LEDs (450 nm wavelength) and stirred at rt for 48 h. The mixture was concentrated 

in vacuo, and purified by flash column chromatography on silica gel (eluent: ethyl 

acetate/petroleum ether) to give the corresponding products. 

3. Characterization of new compounds 

3a: 89% yield, 76.3 mg, yellow solid, m.p. 88-89 oC. Purification by 

flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/10). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.0 Hz, 2H), 7.66-

7.56 (m, 2H), 7.54-7.48 (m, 1H), 7.48-7.44 (m, 1H) 7.35-7.29 (m, 

3H), 7.26-7.22 (m, 2H) 6.95-6.89 (m, 1H), 6.85-6.77 (m, 2H), 6.15-

6.04 (m, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.2, 143.9, 142.8, 139.8, 

139.2, 134.8, 131.2, 130.7, 129.9, 129.1, 127.4, 127.3, 126.8, 126.7, 125.7, 123.7, 120.7, 

118.7, 116.4, 115.1, 21.6. FT-IR: ν (cm-1) 3061, 2920, 1585, 1458, 1258, 1018, 987, 

937. HRMS [ESI] calcd for C25H19NNaO2S2
+ [M+Na]+ 452.0749, found 452.0745. 

 

3b: 96% yield, 79.7 mg, yellow solid, m.p. 94-95 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, CDCl3) δ 

7.91-7.84 (m, 2H), 7.66-7.58 (m, 2H), 7.56-7.43 (m, 5H), 7.37-

7.31 (m, 3H), 6.98-6.91 (m, 1H), 6.86-6.77 (m, 2H), 6.15-6.06 

(m, 2H); 13C NMR (100 MHz, CDCl3) δ 148.4, 142.7, 142.2, 

139.7, 134.3, 132.9, 131.2, 130.7, 129.2, 129.1, 127.3, 127.3, 127.0, 126.7, 125.8, 123.7, 

120.8, 118.7, 116.4, 115.1. FT-IR: ν (cm-1) 3060, 2920, 2850, 1585, 1485, 1315, 1258, 

811, 726, 686. HRMS [ESI] calcd for C24H17NNaO2S2
+ [M+Na]+ 438.0593, found 

438.0591. 

 

3c: 80% yield, 75.3 mg, yellow solid, m.p. 258-259 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/30-1/10). 1H NMR (400 MHz, 

CDCl3) δ 7.81-7.76 (m, 2H), 7.64-7.59 (m, 2H), 7.55-

7.50 (m, 1H), 7.50-7.47 (m, 2H), 7.47-7.44 (m, 1H), 7.36-

7.30 (m, 3H), 6.97-6.92 (m, 1H), 6.85-6.79 (m, 2H), 6.12 

(d, J = 8.8 Hz, 1H), 6.11-6.07 (m, 1H), 1.30 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 156.8, 148.2, 142.8, 139.8, 139.1, 134.7, 131.2, 130.7, 129.1, 

127.3, 127.2, 126.9, 126.7, 126.3, 125.8, 123.7, 120.7, 118.7, 116.4, 115.1, 35.1, 31.0. 

FT-IR: ν (cm-1) 2954, 2861, 2257, 1927, 1586, 1561, 1390, 1322, 1247, 1157, 1121, 

724, 663, 629. HRMS [ESI] calcd for C28H26NO2S2
+ [M+H]+ 472.1399, found 

472.1390. 

 



4 

 

3d: 81% yield, 79.5 mg, yellow solid, m.p. 96-97 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/15-1/10). 1H NMR (400 MHz, 

CDCl3) δ 7.94 (d, J = 8.4 Hz, 2H), 7.69-7.65 (m, 2H), 7.63-

7.59 (m, 2H), 7.57-7.52 (m, 4H), 7.48-7.43 (m, 2H), 7.42-

7.39 (m, 1H), 7.39-7.36 (m, 1H), 7.34-7.33 (m, 1H), 7.32-

7.30 (m, 1H), 6.97-6.93 (m, 1H), 6.84-6.81 (m, 2H), 6.14 (d, J = 8.8 Hz, 1H), 6.12-6.09 

(m, 1H); 13C NMR (100 MHz, CDCl3) δ 148.4, 145.9, 142.7, 140.7, 139.7, 139.3, 134.5, 

131.2, 130.7, 129.1, 129.1, 128.5, 127.9, 127.9, 127.4, 127.3, 127.0, 126.7, 125.8, 123.7, 

120.8, 118.7, 116.4, 115.1. FT-IR: ν (cm-1) 3029, 2946, 1586, 1492, 1390, 1115, 902. 

HRMS [ESI] calcd for C30H22NO2S2
+ [M+H]+ 492.1086, found 492.1085. 

 

3e: 88% yield, 78.6 mg, yellow solid, m.p. 163-164 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/50). 1H NMR (400 MHz, 

CDCl3) δ 7.82-7.76 (m, 2H), 7.65-7.58 (m, 2H), 7.54-7.48 

(m, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.34-7.28 (m, 3H), 6.97-

6.89 (m, 3H), 6.85-6.77 (m, 2H), 6.14-6.07 (m, 2H), 3.82 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 163.2, 148.1, 

142.8, 139.8, 135.2, 133.7, 131.2, 130.7, 129.5, 129.1, 127.3, 126.7, 126.6, 125.5, 123.6, 

120.7, 118.7, 116.3, 115.1, 114.5, 55.7. FT-IR: ν (cm-1) 3100, 2972, 2929, 2845, 1771, 

1562, 1439, 1079, 835. HRMS [ESI] calcd for C25H20NO3S2
+ [M+H]+ 446.0879, found 

446.0881 

 

3f: 85% yield, 73.4 mg, yellow solid, m.p. 88-89 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, CDCl3) 

δ 7.92-7.84 (m, 2H), 7.66-7.58 (m, 2H), 7.56-7.49 (m, 1H), 

7.46 (d, J = 2.0 Hz, 1H), 7.36-7.28 (m, 3H), 7.18-7.10 (m, 

2H), 6.98-6.91 (m, 1H), 6.86-6.78 (m, 2H), 6,15-6.07 (m, 2H); 
13C NMR (100 MHz, CDCl3) δ 165.3 (d, JC-F = 253.8 Hz), 148.5, 142.7, 139.7 138.3 (d, 

JC-F = 3.1 Hz), 134.1, 131.2, 130.7, 130.1 (d, JC-F = 9.4 Hz), 129.2, 127.4, 126.9, 126.7, 

125.7, 123.8, 120.9, 118.6, 116.5 (d, JC-F = 18.6 Hz), 116.4, 115.1; 19F NMR (377 MHz, 

CDCl3) δ -104.8 (s). FT-IR: ν (cm-1) 3061, 2922, 2851, 1586, 1491, 1258, 1077, 1024, 

901, 813, 746, 650. HRMS [ESI] calcd for C24H17FNO2S2
+ [M+H]+ 434.0679, found 

434.0674. 

 

3g: 70% yield, 63.1 mg, yellow solid, m.p. 189-199 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/50). 1H NMR (400 MHz, CDCl3) 

δ 7.83-7.77 (m, 2H), 7.66-7.58 (m, 2H), 7.56-7.49 (m, 1H), 

7.48-7.41 (m, 3H), 7.35-7.28 (m, 3H), 6.97-6.89(m, 1H), 

6.86-6.78 (m, 2H), 6.14-6.05 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ
 148.6, 142.6, 140.7, 139.6, 139.5, 133.8, 131.2, 130.7, 129.5, 129.2, 128.8, 
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127.4, 127.0, 126.7, 125.7, 123.8, 120.9, 118.6, 116.4, 115.1. FT-IR: ν (cm-1) 3057, 

2924, 2853, 1584, 1491, 1461, 1440, 1309, 901, 751, 707, 633. HRMS [ESI] calcd for 

C24H17ClNO2S2
+ [M+H]+ 450.0384, found 450.0391. 

 

3h: 23% yield, 22.6 mg, yellow solid, m.p. 203-204 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/50). 1H NMR (400 MHz, CDCl3) 

δ 7.74-7.70 (m, 2H), 7.65-7.58 (m, 4H), 7.56-7.50 (m, 1H), 

7.45 (d, J = 2.0 Hz, 1H), 7.34-7.28 (m, 3H), 6.97-6.93 (m, 

1H), 6.85-6.79 (m, 2H), 6.13-6.06 (m, 2H); 13C NMR (100 

MHz, CDCl3) δ 148.6, 142.6, 141.3, 139.7, 133.7, 132.5, 131.2, 130.7, 129.2, 128.8, 

128.1, 127.4, 127.0, 126.7, 125.7, 123.8, 120.9, 118.6, 116.4, 115.1. FT-IR: ν (cm-1) 

3056, 2920, 2851, 1562, 1490, 1440, 1388, 1308, 1245, 1150, 930, 902, 751, 724, 707. 

HRMS [ESI] calcd for C24H17BrNO2S2
+ [M+H]+ 493.9879, found 493.9870. 

 

3i: 50% yield, 53.2 mg, yellow solid, m.p. 210-211 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/50). 1H NMR (400 MHz, CDCl3) 

δ 7.84-7.77 (m, 2H), 7.66-7.59 (m, 2H), 7.59-7.55 (m, 2H), 

7.54-7.49 (m, 1H), 7.47-7.43 (m, 1H), 7.35-7.27 (m, 3H), 

6.97-6.89 (m, 1H), 6.86-6.78 (m, 2H), 6.14-6.04 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ
 148.6, 142.6, 141.9, 139.6, 138.5, 

133.7, 131.2, 130.7, 129.2, 128.7, 127.4, 127.0, 126.7, 125.7, 123.8, 120.9, 118.6, 116.4, 

115.1, 100.6. FT-IR: ν (cm-1) 2956, 2922, 2852, 1584, 1564, 1460, 1440, 1290, 901, 

677. HRMS [ESI] calcd for C24H17INO2S2
+ [M+H]+ 541.9740, found 541.9738. 

 

3j: 67% yield, 64.7 mg, yellow solid, m.p 142-143 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, 

CDCl3) δ 7.99 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H), 

7.66-7.60 (m, 2H), 7.56-7.51 (m, 1H), 7.48 (d, J = 2.4 Hz, 

1H), 7.35-7.30 (m, 3H), 6.98-6.92 (m, 1H), 6.87-6.79 (m, 

2H), 6.13 (d, J = 8.8 Hz, 1H), 6.11-6.07 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 148.9, 145.8, 142.5, 139.6, 134.5 (q, JC-F = 32.9 Hz), 133.1, 131.3, 

130.7, 129.2, 127.8, 127.4, 127.3, 126.7, 126.4 (q, JC-F = 3.8 Hz), 125.9, 123.9, 123.2 

(q, JC-F = 271.1 Hz), 121.1, 118.5, 116.5, 115.1; 19F NMR (377 MHz, CDCl3) δ -63.2 

(s). FT-IR: ν (cm-1) 3062, 2921, 1586, 1492, 1460, 1402, 1153, 1115, 902, 835, 746, 

669. HRMS [ESI] calcd for C25H16F3NNaO2S2
+ [M+Na]+ 506.0467, found 506.0478. 

 



6 

 

3k: 86% yield, 85.5 mg, yellow solid, m.p. 82-83 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, 

CDCl3) δ 7.95-7.90 (m, 2H), 7.65-7.60 (m, 2H), 7.55-7.50 

(m, 1H), 7.48 (d, J = 2.0 Hz, 1H), 7.35-7.27 (m, 5H), 6.97-

6.92 (m, 1H), 6.87-6.79 (m, 2H), 6.14 (d, J = 8.8 Hz, 1H), 

6.12-6.08 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 152.3 

(q, JC-F = 1.9 Hz), 148.7, 142.6, 140.6, 139.7, 133.6, 131.3, 130.7, 129.5, 129.2, 127.4, 

127.1, 126.7, 125.8, 123.9, 121.1, 121.0, 120.2 (q, JC-F = 257.9 Hz), 118.6, 116.5, 115.2; 
19F NMR (377 MHz, CDCl3) δ -57.7 (s). FT-IR: ν (cm-1) 3058, 2949, 2856, 1586, 1440, 

1209, 1115, 812. HRMS [ESI] calcd for C32H25NKO4S3
+ [M+K]+ 538.0155, found 

538.0142. 

 

3l: 51% yield, 44.9 mg, yellow solid, m.p. 176-177 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, 

CDCl3) δ 8.00-7.94 (m, 2H), 7.79-7.73 (m, 2H), 7.67-7.60 

(m, 2H), 7.56-7.51 (m, 1H), 7.46 (d, J = 2.4 Hz, 1H), 7.35-

7.29 (m, 3H), 6.97-6.92 (m, 1H), 6.87-6.79 (m, 2H), 6.13 (d, 

J = 8.8 Hz, 1H), 6.12-6.07 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 149.1, 146.5, 142.4, 

139.5, 133.0, 132.5, 131.3, 130.6, 129.3, 127.9, 127.5, 127.4, 126.8, 126.0, 124.0, 121.2, 

118.4, 117.3, 116.6, 116.5, 115.2. FT-IR: ν (cm-1) 3096, 3059, 2228, 1583, 1491, 1389, 

1314, 1248, 1117, 900, 816, 767. HRMS [ESI] calcd for C25H16N2NaO2S2
+ [M+Na]+ 

463.0545, found 463.0546. 

 

3m: 31% yield, 28.9 mg, yellow solid, m.p. 88-89 oC. 

Purification by flash column chromatography (eluent: 

Acetone/Petroleum ether = 1/10). 1H NMR (400 MHz, CDCl3) 

δ 8.25-8.20 (m, 1H), 7.75-7.60 (m, 5H), 7.57-7.51 (m, 1H), 7.50 

(d, J = 2.4 Hz, 1H), 7.41 (dd, J = 4.8, 2.4 Hz, 1H), 7.37-7.30 (m, 

2H), 6.98-6.90 (m, 1H), 6.87-6.78 (m, 2H), 6.17 (d, J = 9.2 Hz, 

1H), 6.13-6.05 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 148.9, 

148.3, 142.5, 139.6, 135.1, 134.2, 132.7, 132.4, 131.3, 130.7, 129.2, 128.2, 127.4, 126.7, 

126.5, 124.6, 123.9, 120.5, 118.7, 116.5, 114.7. FT-IR: ν (cm-1) 3021, 2947, 1585, 1562, 

1540, 1492, 1367, 1314, 1287, 1258, 1154, 697, 660, 649. HRMS [ESI] calcd for 

C24H17N2O4S2
+ [M+H]+ 461.0624 found 461.0630. 

 

3n: 96% yield, 82.4 mg, yellow solid, m.p. 84-85 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, 

CDCl3) δ 7.70-7.65 (m, 2H), 7.64-7.59 (m, 2H), 7.55-7.47 

(m, 2H), 7.38-7.30 (m, 5H), 6.97-6.92 (m, 1H), 6.85-6.77 

(m, 2H), 6.15-6.08 (m, 2H), 2.38 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 148.3, 142.8, 141.9, 139.7, 139.5, 134.5, 133.8, 131.2, 130.7, 129.1, 
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127.6, 127.3, 127.0, 126.7, 125.8, 124.5, 123.7, 120.7, 118.7, 116.4, 115.1, 21.4. FT-IR: 

ν (cm-1) 3058, 2949, 2856, 1585, 1492, 1440, 1390, 1258, 902, 811, 724, 631. HRMS 

[ESI] calcd for C25H19NNaO2S2
+ [M+Na]+ 452.0749, found 452.0750. 

 

3o: 89% yield, 79.3 mg, yellow solid, m.p. 86-87 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/25-1/20). 1H NMR (400 MHz, 

CDCl3) δ 7.66-7.59 (m, 2H), 7.58-7.47 (m, 3H), 7.46 (d, J = 

2.0 Hz, 1H), 7.36-7.26 (m, 4H), 6.97-6.91 (m, 1H), 6.85-

6.78 (m, 2H), 6.12 (d, J = 4.8 Hz, 1H), 6.11-6.07 (m, 1H), 

2.29 (d, J = 1.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

160.9 (d, JC-F = 248.8 Hz), 148.5, 142.7, 141.4 (d, JC-F = 6.5 Hz), 139.7, 134.0, 132.3 

(d, JC-F = 4.9 Hz), 131.2, 131.0 (d, JC-F = 17.3 Hz), 130.7, 129.2, 127.4, 127.0, 126.7, 

125.8, 123.8, 122.8 (d, JC-F = 3.6 Hz), 120.9, 118.6, 116.4, 115.1, 114.2 (d, JC-F = 25.2 

Hz), 14.8 (d, JC-F = 3.5 Hz); 19F NMR (377 MHz, CDCl3) δ -113.5 (s). FT-IR: ν (cm-1) 

3061, 2924, 1585, 1562, 1490, 1458, 1440, 1286, 1228, 1189, 1149, 1129, 746, 708, 

681, 653. HRMS [ESI] calcd for C25H18FNNaO2S2
+ [M+Na]+ 470.0655, found 

470.0651. 

 

3p: 96% yield, 86.6 mg, yellow solid, m.p. 74-75 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20). 1H NMR (400 MHz, CDCl3) 

δ 7.67-7.61 (m, 2H), 7.56-7.51 (m, 1H), 7.46 (d, J = 2.0 Hz, 

1H), 7.43-7.37 (m, 2H), 7.36-7.29 (m, 3H), 7.01-6.92 (m, 

2H), 6.87-6.80 (m, 2H), 6.14 (d, J = 8.8 Hz, 1H), 6.13-6.07 

(m, 1H); 13C NMR (100 MHz, CDCl3) δ 162.9 (dd, JC-F = 

253.5, 4.1 Hz), 149.0, 145.6 (t, JC-F = 7.8 Hz), 142.5, 139.6, 132.6, 131.3, 130.6, 129.3, 

127.4, 127.4, 126.8, 125.9, 124.0, 121.1, 118.5, 116.5, 115.2, 110.8 (dd, JC-F = 8.3, 19.5 

Hz), 108.5 (t, JC-F = 24.9 Hz); 19F NMR (377 MHz, CDCl3) δ -105.2 (s). FT-IR: ν (cm-

1) 3083, 2927, 1600, 1491, 1390, 1152, 985. HRMS [ESI] calcd for C24H15F2NNaO2S2
+ 

[M+Na]+ 474.0404, found 474.0414. 

 

3q: 92% yield, 84.6 mg, yellow solid, m.p. 206-207 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/15-1/10). 1H NMR (400 MHz, 

CDCl3) δ 7.69-7.65 (m, 2H) 7.64-7.59 (m, 2H), 7.54-7.49 (m, 

1H), 7.46 (d, J = 2.0 Hz, 1H), 7.35-7.28 (m, 3H), 6.97-6.91 

(m, 1H), 6.85-6.76 (m, 3H), 6.14-6.07 (m, 2H), 4.62 (t, J = 

8.8 Hz, 2H), 3.21 (t, J = 8.8 Hz, 2H); 13C NMR (100 MHz, 

CDCl3) δ 164.1, 148.0, 142.8, 139.8, 135.4, 133.7, 131.2, 130.7, 129.1, 129.0, 128.6, 

127.3, 126.7, 126.6, 125.5, 124.6, 123.6, 120.7, 118.7, 116.3, 115.1, 109.7, 72.4, 29.0. 

FT-IR: ν (cm-1) 3062, 2845, 1585, 1491, 1303, 1285, 1147, 980. HRMS [ESI] calcd for 

C26H20NO3S2
+ [M+H]+ 458.0879, found 458.0876. 
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3r: 84% yield, 78.2 mg, yellow solid, m.p. 107-108 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20-1/10). 1H NMR (400 MHz, 

CDCl3) δ 8.50 (s, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.89 (d, J 

= 8.8 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.80 (dd, J = 8.4, 

0.8 Hz, 1H), 7.64-7.54 (m, 5H), 7.53-7.46 (m, 1H), 7.40 (dd, 

J = 8.8, 2.0 Hz, 1H), 7.29 (d, J = 7.2 Hz, 2H), 6.96-6.90 (m, 1H), 6.84-6.77 (m, 2H), 

6.12 (d, J = 8.8 Hz, 1H), 6.10-6.03 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 148.4, 

142.7, 139.7, 139.0, 134.9, 134.4, 132.3, 131.2, 130.7, 129.6, 129.4, 129.1, 129.0, 128.6, 

127.9, 127.6, 127.3, 127.1, 126.7, 125.8, 123.7, 122.5, 120.8, 118.7, 116.4, 115.1. FT-

IR: ν (cm-1) 2955, 2920, 2851, 1723, 1645, 1585, 1492, 1388, 1131, 1068, 680, 648. 

HRMS [ESI] calcd for C28H19NNaO2S2
+ [M+Na]+ 488.0749, found 488.0741. 

 

3s: 76% yield, 71.2 mg, yellow solid, m.p. 136-137 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20-1/10). 1H NMR (400 MHz, 

CDCl3) δ 8.63 (d, J = 8.4 Hz, 1H), 8.41 (d, J = 7.6 Hz, 1H), 8.06 

(d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.63-7.47 (m, 7H), 

7.39 (dd, J = 8.8, 3.0 Hz, 1H), 7.32-7.27 (m, 2H), 6.95-6.88 (m, 

1H), 6.84-6.76 (m, 2H), 6.12-6.03 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 148.2, 142.7, 139.7, 136.3, 134.9, 134.5, 134.2, 131.2, 130.7, 129.6, 129.1, 

129.0, 128.4, 127.3, 126.8, 126.8, 126.7, 125.6, 124.4, 123.7, 120.6, 118.6, 116.3, 114.8. 

FT-IR: ν (cm-1) 2923, 2854, 1585, 1563, 1459, 1440, 1258, 1099, 1075, 1043, 708, 681. 

HRMS [ESI] calcd for C28H19NNaO2S2
+ [M+Na]+ 488.0749, found 488.0757. 

 

3t: 95% yield, 80.0 mg, yellow solid, m.p. 90-91 oC. Purification 

by flash column chromatography (eluent: EtOAc/Petroleum 

ether = 1/20-1/10). 1H NMR (400 MHz, CDCl3) δ 7.66-7.60 (m, 

3H), 7.59 (d, J = 4.8 Hz, 1H), 7.56-7.49 (m, 2H), 7.37 (dd, J = 

8.8, 2.0 Hz, 1H), 7.33 (d, J = 7.6 Hz, 2H), 7.07-7,01 (m, 1H), 

6.97-6.92 (m, 1H), 6.86-6.78 (m, 2H), 6.16-6.07 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 148.5, 143.7, 142.7, 139.7, 134.7, 133.3, 132.7, 131.2, 130.7, 

129.2, 127.8, 127.4, 126.7, 126.7, 125.5, 123.8, 120.8, 118.6, 116.4, 115.1. FT-IR: ν 

(cm-1) 3089, 3059, 2160, 1585, 1458, 1258, 1111, 937. HRMS [ESI] calcd for 

C22H16NO2S3
+ [M+H]+ 422.0338, found 422.0349. 

 

3u: 22% yield, 17.8 mg, yellow oil. Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 

1/10-1/5). 1H NMR (400 MHz, CDCl3) δ 9.07 (s, 1H), 8.76 (s, 

1H), 8.13 (d, J = 8.0 Hz, 1H), 7.66-7.60 (m, 2H), 7.56-7.51 (m, 

1H), 7.48 (d, J = 2.0 Hz, 1H), 7.45-7.39 (m, 1H), 7.36-7.30 (m, 

3H), 6.98-6.92 (m, 1H), 6.87-6.79 (m, 2H), 6.13 (d, J = 8.8 Hz, 

1H), 6.11-6.07 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 153.3, 148.9, 148.4, 142.5, 

139.6, 134.9, 133.2, 131.3, 130.6, 129.2, 127.4, 127.2, 126.7, 125.8, 123.9, 121.1, 118.5, 
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116.5, 115.2. FT-IR: ν (cm-1) 3059, 2922, 2852, 1721, 1585, 1562, 1492, 1458, 1307, 

1155, 1126, 740, 723, 678. HRMS [ESI] calcd for C23H17N2O2S2
+ [M+H]+ 417.0726, 

found 417.0727. 

 

3v: 65% yield, 63.2 mg, yellow solid, m.p. 125-126 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/15-1/10). 1H NMR (400 

MHz, CDCl3) δ 8.07 (d, J = 2.4 Hz, 1H), 7.95 (dd, J = 

8.8, 2.4 Hz, 1H), 7.73 (d, J = 9.6 Hz, 1H), 7,65-7.58 (m, 

2H), 7.55-7.48 (m, 1H), 7.46 (d, J = 2.0 Hz, 1H), 7.37 (d, 

J = 8.8 Hz, 1H), 7.34-7.29 (m, 3H), 6.95-6.89 (m, 1H), 6.85-6.77 (m, 2H), 6.49 (d, J = 

9.6 Hz, 1H), 6.12 (d, J = 8.8 Hz, 1H), 6.10-6.06 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 159.3, 156.5, 148.7, 142.5, 142.5, 139.6, 138.6, 133.5, 131.3, 130.6, 130.4, 129.2, 

127.6, 127.4, 127.0, 126.7, 125.7, 123.9, 121.0, 119.0, 118.4, 118.3, 118.1, 116.5, 115.2. 

FT-IR: ν (cm-1) 3071, 2931, 1593, 1493, 1391, 1149, 985. HRMS [ESI] calcd for 

C27H17NNaO4S2
+ [M+Na]+ 506.0491, found 506.0480. 

 

3w: 82% yield, 93.9 mg, yellow solid, m.p. 125-126 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20-1/8). 1H NMR (400 MHz, 

CDCl3) δ 7.85 (d, J = 8.4 Hz, 2H), 7.67-7.59 (m, 2H), 

7.54 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 2.4 Hz, 1H), 7.43-

7,26 (m, 10H), 6.98-6.91 (m, 1H), 6.87-6.77 (m, 2H), 

6.16 (d, J = 8.8 Hz, 1H), 6.13-6.08 (m, 1H), 2.45 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 167.4, 161.1, 148.6, 

142.7, 141.3, 139.6, 135.5, 133.9, 131.3, 130.7, 130.4, 

129.7, 129.2, 128.8, 128.5, 128.4, 127.7, 127.4, 127.2, 126.7, 126.0, 123.8, 120.9, 118.6, 

116.5, 115.1, 114.4, 11.8. FT-IR: ν (cm-1) 3060, 2923, 1617, 1585, 1562, 1492, 1459, 

1440, 1392, 1258, 1184, 1153, 1115, 937, 725, 708, 661. HRMS [ESI] calcd for 

C34H24N2NaO3S2
+ [M+Na]+ 595.1121, found 595.1127. 

 

3x: 51% yield, 35.7 mg, yellow solid, m.p. 163-164 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/10). 1H NMR (400 MHz, CDCl3) 

δ 7.69-7.62 (m, 2H), 7.58-7.52 (m, 1H), 7.48 (d, J = 2.0 Hz, 

1H), 7.40-7.34 (m, 2H), 7.31 (dd, J = 8.8, 2.4 Hz, 1H), 7.00-

6.92 (m, 1H), 6.88-6.80 (m, 2H), 6.16 (d, J = 8.8 Hz, 1H), 6.15-

6.10 (m, 1H), 2.98 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 148.7, 142.7, 139.8, 133.4, 

131.3, 130.7, 129.2, 127.4, 126.8, 126.6, 125.6, 123.8, 120.9, 118.6, 116.4, 115.0, 44.8. 

FT-IR: ν (cm-1) 2922, 2852, 1600, 1585, 1491, 1444, 1389, 1322, 1280, 1259, 1100, 

1003, 889, 820, 771. HRMS [ESI] calcd for C19H15NNaO2S2
+ [M+Na]+ 376.0436, 

found 376.0427. 
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3y: 96% yield, 73.1 mg, yellow oil, Purification by flash 

column chromatography (eluent: EtOAc/Petroleum ether = 

1/20). 1H NMR (400 MHz, CDCl3) δ 7.68-7.61 (m, 2H), 

7.57-7.50 (m, 1H), 7.41 (d, J = 2.0 Hz, 1H), 7.39-7.34 (m, 

2H), 7.26-7.21 (m, 1H), 7.00-6.93 (m, 1H), 6.88-6.79 (m, 

2H), 6.17 (d, J = 8.8 Hz, 1H), 6.15-6.10 (m, 1H), 3.16-3.04 

(m, 1H), 1.26 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, 

CDCl3) δ 148.7, 142.8, 139.8, 131.3, 130.8, 129.6, 129.2, 128.3, 127.4, 127.1, 126.8, 

123.8, 120.6, 118.8, 116.4, 114.8, 55.7, 15.8. FT-IR: ν (cm-1) 3075, 2983, 2922, 2851, 

1647, 1583, 1491, 1241, 1075, 939. HRMS [ESI] calcd for C21H20NO2S2
+ [M+H]+ 

382.0930, found 382.0939. 

 

3z: 78% yield, 59.3 mg, yellow solid, m.p. 77-78 oC. Purification 

by flash column chromatography (eluent: EtOAc/Petroleum 

ether = 1/15-1/10). 1H NMR (400 MHz, CDCl3) δ 7.68-7.62 (m, 

2H), 7.57-7.51 (m, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.39-7.35 (m, 

2H), 7.29-7.26 (m, 1H), 7.00-6.94 (m, 1H), 6.88-6.80 (m, 2H), 

6.17 (d, J = 8.8 Hz, 1H), 6.15-6.10 (m, 1H), 2.43-2.34 (m, 1H), 

1.28-1.24 (m, 2H), 1.02-0.94 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 148.5, 142,8, 

139.8, 133.6, 131.3, 130.8, 129.1, 127.3, 126.8, 126.8, 125.8, 123.7, 120.7, 118.7, 116.4, 

115.0, 33.2, 5.9. FT-IR: ν (cm-1) 3155, 3000, 2944, 2160, 1575, 1496, 1447, 1345, 1293, 

1217, 1119, 917, 788, 689. HRMS [ESI] calcd for C21H17NNaO2S2
+ [M+Na]+ 402.0593, 

found 402.0586. 

 

3aa: 92% yield, 82.4 mg, yellow solid, m.p. 90-91 oC. Purification 

by flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/15). 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 8.4 Hz, 2H), 7.47 

(d, J = 2.0 Hz, 1H), 7.33 (dd, J = 8.4, 2.0 Hz, 1H), 7.31-7.27 (m, 4H), 

7.26-7.23 (m, 2H), 6.96-6.91 (m, 1H), 6.85-6.80 (m, 2H), 6.12-6.05 

(m, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
 162.4 (d, JC-F 

= 248.4 Hz), 148.1, 143.9, 142.7, 139.1, 135.6 (d, JC-F = 3.5 Hz), 135.0, 132.7 (d, JC-F 

= 8.5 Hz), 129.9, 127.4, 126.8, 125.8, 123.8, 120.9, 118.9, 118.2 (d, JC-F = 22.6 Hz), 

116.2, 115.0, 21.6; 19F NMR (377 MHz, CDCl3) δ -111.0 (s). FT-IR: ν (cm-1) 3068, 

2932, 1592, 1499, 1392, 1299, 1150, 983. HRMS [ESI] calcd for C25H18FNNaO2S2
+ 

[M+Na]+ 470.0655, found 470.0645. 

 

3ab: 86% yield, 78.5 mg, yellow solid, m.p. 88-89 oC. Purification 

by flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/15-1/10). 1H NMR (400 MHz, CDCl3) δ 7.80-7.85 (m, 2H), 7.50-

7.45 (m, 1H), 7.36-7.32 (m, 1H), 7.30-7.20 (m, 4H), 7.15-7.09 (m, 

2H), 6.97-6.91 (m, 1H), 6.88-6.80 (m, 2H), 6.20-6.10 (m, 2H), 3.90 

(s, 3H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
 159.7, 148.6, 

143.8, 143.1, 139.2, 134.6, 132.1, 131.7, 129.9, 127.3, 127.3, 126.8, 126.7, 125.6, 123.6, 

120.6, 118.6, 116.3, 116.3, 115.1, 55.6, 21.6. FT-IR: ν (cm-1) 3057, 2956, 2924, 2841, 
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1591, 1391, 1300, 1151, 910. HRMS [ESI] calcd for C26H22NO3S2
+ [M+H]+ 460.1036, 

found 460.1045. 

 

3ac: 90% yield, 86.2 mg, yellow solid, m.p. 105-106 oC. Purification 

by flash column chromatography (eluent: EtOAc/Petroleum ether = 

1/15). 1H NMR (400 MHz, CDCl3) δ 8.04-7.93 (m, 3H), 7.77-7.72 

(m, 2H), 7.68-7.63 (m, 1H), 7.58-7.53 (m, 2H), 7.52 (d, J = 2.4 Hz, 

1H), 7.48-7.42 (m, 1H), 7.27-7.24 (m, 2H), 7.20 (dd, J = 8.8, 2.4 Hz, 

1H), 6.97 (dd, J = 7.6, 1.6 Hz, 1H), 6.83-6.78 (m, 1H), 6.72-6.67 (m, 1H), 5.99-5.93 

(m, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.8, 143.9, 142.3, 139.1, 136.1, 

135.5, 134.9, 130.8, 129.9, 129.7, 128.9, 128.9, 127.7, 127.4, 127.1, 126.9, 126.6, 126.6, 

125.6, 123.8, 123.1, 120.8, 118.7, 116.5, 115.3, 21.6. FT-IR: ν (cm-1) 3060, 2947, 1592, 

1459, 1306, 1245, 1014, 987. HRMS [ESI] calcd for C29H22NO2S2
+ [M+H]+ 480.1086, 

found 480.1097. 

 

3ad: 92% yield, 74.8 mg, yellow solid, m.p. 67-68 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/9). 1H NMR (500 MHz, CDCl3) δ 

7.78 (d, J = 8.5 Hz, 2H), 7.68 (dd, J = 9.0, 2.5 Hz, 1H), 7.59 (d, 

J = 2.0 Hz, 1H), 7.27 (d, J = 8.5 Hz, 2H), 7.18-7.12 (m, 1H), 7.10-7.05 (m, 1H), 6.98-

6.91 (m, 1H), 6.88-6.81 (m, 2H), 3.83 (t, J = 7.0 Hz, 2H), 2.38 (s, 3H), 1.78-1.70 (m, 

2H), 1.47-1.38 (m, 2H), 0.92 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 149.6, 

143.9, 143.6, 139.2, 134.8, 129.9, 127.7, 127.6, 127.4, 127.2, 126.5, 125.7, 123.6, 123.6, 

116.0, 114.9, 47.5, 28.7, 21.6, 20.0, 13.8. FT-IR: ν (cm-1) 3059, 2925, 2870, 1563, 1299, 

1150, 1098. HRMS [ESI] cald for C23H23NNaO2S2
+ [M+Na]+ 432.1062, found 

432.1060. 

 

3ae: 92% yield, 76.0 mg, yellow solid, m.p. 156-157 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/20-1/10). 1H NMR (400 MHz, 

CDCl3) δ 7.73-7.64 (m, 2H), 7.63-7.55 (m, 2H), 7.52-7.46 

(m, 1H), 7.38-7.30 (m, 2H), 7.28-7.23 (m, 2H), 7.19-7.10 

(m, 2H), 6.70-6.55 (m, 3H), 5.94-5.81 (m, 2H), 2.38 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 144.0, 143.5, 142.1, 139.5, 138.9, 137.5, 133.7, 133.1, 

132.8, 131.4, 130.2, 129.3, 127.6, 124.5, 124.0, 123.8, 122.8, 115.6, 114.5, 113.9, 112.8, 

21.4. FT-IR: ν (cm-1) 2999, 2940, 2879, 2436, 2117, 1565, 1493, 1458, 1415, 1309, 

1258, 1154, 1009, 724, 694. HRMS [ESI] calcd for C25H20NO3S
+ [M+H]+ 414.1158, 

found 414.1157. 

 

4a: 96% yield, 111.9 mg, yellow solid, m.p. 142-143 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/10-1/5). 1H NMR (400 MHz, CDCl3) 

δ 7.77-7.70 (m, 4H), 7.66-7.59 (m, 2H), 7.57-7.51 (m, 1H), 7.43 

(d, J = 2.0 Hz, 2H), 7.32 (dd, J = 8.8, 2.4 Hz, 2H), 7.29-7.24 (m, 
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6H), 6.12-6.05 (m, 2H), 2.38 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 146.7, 144.1, 

138.9, 138.8, 136.4, 131.6, 130.2, 130.0, 129.7, 127.4, 127.1, 125.7, 120.0, 116.0, 21.6. 

FT-IR: ν (cm-1) 2974, 2926, 2892, 1455, 1301, 1152, 1044. HRMS [ESI] calcd for 

C32H25NNaO4S3
+ [M+Na]+ 606.0838, found 606.0847. 

 

4b: 96% yield, 108.7 mg, yellow solid, m.p. 127-128 
oC. Purification by flash column chromatography 

(eluent: EtOAc/Petroleum ether = 1/10-1/6). 1H NMR 

(400 MHz, CDCl3) δ 7.88-7.81 (m, 4H), 7.65-7.59 (m, 

2H), 7.56-7.50 (m, 3H), 7.49-7.41 (m, 6H), 7.33 (dd, J 

= 8.8, 2.0 Hz, 2H), 7.26-7.22 (m, 2H), 6.10 (d, J = 8.8 

Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 146.9, 141.7, 138.7, 136.0, 133.2, 131.6, 130.2, 

129.8, 129.3, 127.4, 125.8, 120.1, 116.1. FT-IR: ν (cm-1) 3061, 2925, 1583, 1490, 1391, 

1151, 1248, 1112, 902. HRMS [ESI] calcd for C30H22NO4S3
+ [M+H]+ 556.0705, found 

556.0695. 

 

4c: 88% yield, 117.5 mg, yellow solid, 

m.p. >300 oC. Purification by flash column 

chromatography (eluent: EtOAc/ 

Petroleum ether = 1/10-1/4). 1H NMR 

(400 MHz, CDCl3) δ 7.80-7.76 (m, 4H), 

7.66-7.61 (m, 2H), 7.58-7.54 (m, 1H), 

7.51-7.45 (m, 6H), 7.35 (dd, J = 8.8, 2.0 

Hz, 2H), 7.29-7.27 (m, 2H), 6.11 (d, J = 8.8 Hz, 2H), 1.31 (s, 18H); 13C NMR (100 

MHz, CDCl3) δ 157.1, 146.8, 138.9, 138.6, 136.4, 131.5, 130.2, 129.7, 127.3, 127.2, 

126.3, 125.8, 120.0, 115.9, 35.2, 31.0. FT-IR: ν (cm-1) 3065, 2957, 2867, 1587, 1491, 

1303, 1246, 1101, 906. HRMS [ESI] calcd for C38H38NO4S3
+ [M+H]+ 668.1957, found 

668.1953. 

 

4d: 96% yield, 135.7 mg, yellow solid, m.p. 

161-162 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/10-1/5). 1H NMR (400 MHz, CDCl3) 

δ 7.95-7.90 (m, 4H), 7.69-7.65 (m, 4H), 7.65-

7.60 (m, 2H), 7.58-7.52 (m, 5H), 7.50 (d, J = 2.0 

Hz, 2H), 7.47-7.38 (m, 7H), 7.37 (d, J = 2.0 Hz, 1H), 7.28-7.27 (m, 1H), 7.26-7.24 (m, 

1H), 6.13 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ
 146.9, 146.1, 140.2, 139.1, 

138.8, 136.2, 131.6, 130.2, 129.8, 129.1, 128.6, 128.0, 127.9, 127.3, 125.9, 120.1, 116.1. 

FT-IR: ν (cm-1) 3060, 3031, 2922, 1677, 1585, 1479, 1303, 1245, 1078, 938. HRMS 

[ESI] calcd for C42H30NO4S3
+ [M+H]+ 708.1331, found 708.1337. 
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4e: 66% yield, 81.2 mg, yellow solid, m.p. 

133-134 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/6-1/2). 1H NMR (400 MHz, 

CDCl3) δ 7.82-7.77 (m, 4H), 7.65-7.60 (m, 

2H), 7.58-7.53 (m, 1H), 7.46-7.41 (m, 2H), 

7.33-7.28 (m, 2H), 7.29-7.26 (m, 2H), 6.97-

6.92 (m, 4H), 6.12-6.05 (m, 2H), 3.84 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 163.3, 

146.6, 138.9, 136.8, 133.2, 131.5, 130.2, 129.7, 129.6, 126.9, 125.5, 120.0, 116.0, 114.6, 

55.7. FT-IR: ν (cm-1) 3004, 2942, 2838, 1672, 1588, 1414, 1256, 1113, 1022. HRMS 

[ESI] calcd for C32H25KNO6S3
+ [M+K]+ 654.0476, found 654.0482. 

 

4f: 82% yield, 118.1 mg, yellow solid, m.p. 

115-116 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/20-1/10). 1H NMR (400 MHz, 

CDCl3) δ 7.94-7.88 (m, 4H), 7.66-7.60 (m, 

2H), 7.58-7.52 (m, 1H), 7.46 (d, J = 2.0 Hz, 

2H), 7.34 (dd, J = 8.8, 2.4 Hz, 2H), 7.31-

7.25 (m, 6H), 6.13 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 152.5 (q, JC-F = 

1.9 Hz), 147.1, 140.1, 138.7, 135.5, 131.7, 130.1, 129.9, 129.6, 127.5, 125.9, 121.1, 

120.3, 120.2 (q, JC-F = 258.1 Hz), 116.2; 19F NMR (377 MHz, CDCl3) δ -57.7 (s). FT-

IR: ν (cm-1) 3102, 3066, 2925, 1586, 1459, 1303, 1210, 1015, 901. HRMS [EI] calcd 

for C32H19F6NO6S3
+ [M]+ 723.0273, found 723.0272. 

 

4g: 96% yield, 131.6 mg, yellow solid, m.p. 

140-141 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/15). 1H NMR (400 MHz, CDCl3) δ 

8.00 (d, J = 8.0 Hz, 4H), 7.75 (d, J = 8.4 Hz, 

4H), 7.68-7.63 (m, 2H), 7.60-7.54 (m, 1H), 

7.47 (d, J = 2.0 Hz, 2H), 7.36 (dd, J = 8.8, 2.4 

Hz, 2H), 7.29-7.26 (m, 2H), 6.13 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 

147.2, 145.3, 138.6, 135.0, 134.8 (q, JC-F = 33.0 Hz), 131.7, 130.1, 129.9, 128.0, 127.7, 

126.5 (q, JC-F = 3.7 Hz), 126.1, 123.1 (q, JC-F = 271.3 Hz), 120.3, 116.2; 19F NMR (377 

MHz, CDCl3) δ -63.2 (s). FT-IR: ν (cm-1) 3061, 2957, 2923, 2852, 1723, 1681, 1458, 

1247, 1133, 1060. HRMS [ESI] calcd for C32H20F6NO4S3
+ [M+H]+ 692.0453, found 

692.0454. 

 

4h: 91% yield, 107.8 mg, yellow solid, m.p. 119-

120 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether 

= 1/10-1/5). 1H NMR (400 MHz, CDCl3) δ 7.91-

7.84 (m, 4H), 7.67-7.61 (m, 2H), 7.58-7.53 (m, 
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1H), 7.44 (d, J = 2.4 Hz, 2H), 7.33 (dd, J = 8.8, 2.4 Hz, 2H), 7.30-7.26 (m, 2H), 7.19-

7.12 (m, 4H), 6.12 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 165.4 (d, JC-F = 

254.4 Hz), 146.9, 138.7, 137.8 (d, JC-F = 3.2 Hz), 135.9, 131.6, 130.3, 130.2 (d, JC-F = 

1.4 Hz), 129.8, 127.3, 125.8, 120.2, 116.6 (d, JC-F = 22.5 Hz), 116.1; 19F NMR (377 

MHz, CDCl3) δ -104.1 (s). FT-IR: ν (cm-1) 3102, 3067, 1586, 1560, 1491, 1455, 1397, 

1307, 1288, 1235, 1149, 1113, 1076, 834, 753, 674. HRMS [ESI] calcd for 

C30H19F2NNaO4S3
+ [M+Na]+ 614.0336, found 614.0335. 

 

4i: 85% yield, 106.4 mg, yellow solid, m.p. 156-

157 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether 

= 1/20-1/10). 1H NMR (400 MHz, CDCl3) δ 

7.84-7.76 (m, 4H), 7.67-7.61 (m, 2H), 7.59-7.53 

(m, 1H), 7.49-7.40 (m, 6H), 7.33 (dd, J = 8.4, 2.0 

Hz, 2H), 7.29-7.25 (m, 2H), 6.12 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 

147.0, 140.2, 139.8, 138.7, 135.6, 131.6, 130.1, 129.8, 129.7, 128.9, 127.4, 125.8, 120.2, 

116.2. FT-IR: ν (cm-1) 3066, 2947, 1592, 1302, 1244, 1151, 1016, 985. HRMS [EI] 

calcd for C30H19Cl2NO4S3
+ [M]+ 622.9848, found 622.9850. 

 

4j: 66% yield, 77.6 mg, yellow solid, m.p. 107-

108 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/10-1/4). 1H NMR (400 MHz, CDCl3) 

δ 7.69-7.61 (m, 6H), 7.58-7.53 (m, 1H), 7.47 

(d, J = 2.0 Hz, 2H), 7.37-7.32 (m, 6H), 7.29-

7.26 (m, 2H), 6.12 (d, J = 8.8 Hz, 2H), 2.39 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 

146.8, 141.5, 139.6, 138.8, 136.2, 134.0, 131.6, 130.2, 129.7, 129.2, 127.7, 127.3, 125.8, 

124.6, 120.0, 116.0, 21.4. FT-IR: ν (cm-1) 3062, 2922, 2854, 1584, 1560, 1492, 1456, 

1393, 1300, 1245, 1110, 1077, 727, 684. HRMS [ESI] calcd for C32H26NO4S3
+ [M+H]+ 

584.1018, found 584.1015. 

 

4k: 54% yield, 68.9 mg, yellow solid, m.p. 142-

143 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/10-1/4). 1H NMR (400 MHz, CDCl3) 

δ 7.67-7.58 (m, 6H), 7.57-7.50 (m, 1H), 7.41 (d, 

J = 2.0 Hz, 2H), 7.30 (dd, J = 8.8, 2.0 Hz, 2H), 

7.26-7.24 (m, 2H), 6.80-6.76 (m, 2H), 6.11-6.06 (m, 2H), 4.62 (t, J = 8.8 Hz, 4H), 3.21 

(t, J = 8.8 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 164.3, 146.6, 138.9, 137.0, 133.2, 

131.5, 130.3, 129.7, 129.2, 128.8, 126.9, 125.5, 124.7, 120.0, 115.9, 109.8, 72.4, 29.0. 

FT-IR: ν (cm-1) 3063, 2957, 2901, 1601, 1561, 1457, 1302, 1174, 1097, 979. HRMS 

[ESI] calcd for C34H26NO6S3
+ [M+H]+ 640.0917, found 640.0907. 
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4l: 96% yield, 118.8 mg, yellow solid, m.p. 

120-121 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/10-1/6). 1H NMR (400 MHz, CDCl3) 

δ 7.65-7.61 (m, 2H), 7.57-7.52 (m, 3H), 7.47 

(dd, J = 8.4, 1.2 Hz, 2H), 7.42 (d, J = 2.0 Hz, 

2H), 7.33 (d, J = 2.0 Hz, 1H), 7.32-7.26 (m, 4H), 7.25-7.23 (m, 1H), 6.11 (d, J = 8.8 

Hz, 2H), 2.28 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 160.9 (d, JC-F = 249.2 Hz), 147.0, 

140.9 (d, JC-F = 6.5 Hz), 138.7, 135.7, 132.5 (d, JC-F = 4.8 Hz), 131.6, 131.3 (d, JC-F = 

17.2 Hz), 130.1, 129.8, 127.4, 125.8, 123.0 (d, JC-F = 3.7 Hz), 120.2, 116.1, 114.3 (d, 

JC-F = 25.2 Hz), 14.8 (d, JC-F = 3.4 Hz); 19F NMR (377 MHz, CDCl3) δ -113.3 (s). FT-

IR: ν (cm-1) 3065, 2924, 1591, 1498, 1302, 1245, 1023, 989. HRMS [ESI] calcd for 

C32H24F2NO4S3
+ [M+H]+ 620.0830, found 620.0822. 

 

4m: 54% yield, 67.9 mg, yellow solid, m.p. 227-

228 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether 

= 1/15-1/10). 1H NMR (400 MHz, CDCl3) δ 7.68-

7.63 (m, 2H), 7.60-7.55 (m, 1H), 7.44 (d, J = 2.4 

Hz, 2H), 7.42-7.36 (m, 4H), 7.34 (dd, J = 8.8, 2.4 

Hz, 2H), 7.30-7.27 (m, 2H), 7.02-6.95 (m, 2H), 

6.15 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 162.9 (dd, JC-F = 253.9, 11.3 

Hz), 147.3, 145.1 (t, JC-F = 7.9 Hz), 138.5, 134.6, 131.7, 130.1, 130.0, 127.8, 126.1, 

120.4, 116.3, 111.0 (dd, JC-F = 19.6, 8.2 Hz) 108.8 (t, JC-F = 24.8 Hz); 19F NMR (377 

MHz, CDCl3) δ -104.9 (s). FT-IR: ν (cm-1) 3090, 2922, 2853, 1604, 1500, 1380, 1196, 

985. HRMS [ESI] calcd for C30H18F4NO4S3
+ [M+H]+ 628.0329, found 628.0326. 

 

4n: 96% yield, 125.8 mg, yellow solid, m.p. 

150-151 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/10). 1H NMR (400 MHz, CDCl3) δ 

8.48 (s, 2H), 7.95-7.84 (m, 4H), 7.84-7.73 (m, 

4H), 7.61-7.48 (m, 9H), 7.39 (dd, J = 8.8, 0.8 

Hz, 2H), 7.18 (d, J = 7.2 Hz, 2H), 6.08 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3) 

δ 146.8, 138.7, 138.5, 136.0, 134.9, 132.2, 131.6, 130.2, 129.8, 129.4, 129.2, 128.8, 

127.9, 127.7, 127.5, 125.9, 122.4, 120.1, 116.1. FT-IR: ν (cm-1) 3057, 2924, 2853, 1585, 

1457, 1302, 1246, 1067, 904. HRMS [ESI] calcd for C38H25NNaO4S3
+ [M+Na]+ 

678.0838, found 678.0848. 

 

4o: 92% yield, 120.7 mg, yellow solid, m.p. 279-

280 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum ether = 

1/10-1/6). 1H NMR (400 MHz, CDCl3) δ 8.58 (d, J 

= 8.4 Hz, 2H), 8.40 (d, J = 7.2 Hz, 2H), 8.05 (d, J 
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= 8.4 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H), 7.60-7.48 (m, 9H), 7.43 (d, J = 0.8 Hz, 2H), 

7.38 (dd, J = 8.8, 2.0 Hz, 2H), 7.16 (d, J = 7.6 Hz, 2H), 6.03 (d, J = 8.4 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 146.7, 138.8, 136.1, 135.8, 135.1, 134.2, 131.5, 130.2, 129.8, 

129.7, 129.1, 128.5, 128.3, 127.1, 126.9, 125.6, 124.4, 124.2, 119.9, 115.7. FT-IR: ν 

(cm-1) 3060, 2923, 2852, 1584, 1561, 1505, 1456, 1394, 1303, 1154, 1099, 768, 727, 

679. HRMS [ESI] calcd for C38H25NNaO4S3
+ [M+Na]+ 678.0838, found 678.0846. 

 

4p: 96% yield, 112.7 mg, yellow solid, m.p. 130-131 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/10-1/3). 1H NMR (400 

MHz, CDCl3) δ 7.66-7.55 (m, 7H), 7.50-7.45 (m, 2H), 

7.39-7.33 (m, 2H), 7.30-7.26 (m, 2H), 7.06-7.01 (m, 

2H), 6.12 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, 

CDCl3) δ 146.9, 143.1, 138.7, 136.4, 133.8, 133.1, 131.7, 130.2, 129.8, 129.0, 127.1, 

125.5, 120.1, 116.1. FT-IR: ν (cm-1) 3344, 3020, 2948, 1569, 1509, 1477, 1400, 1344, 

1312, 1201, 1151, 1108, 772, 719. HRMS [ESI] calcd for C26H18NO4S5
+ [M+H]+ 

567.9834, found 567.9823. 

 

4q: 52% yield, 71.9 mg, yellow solid, 

m.p. >300 oC. Purification by flash 

column chromatography (eluent: 

EtOAc/Petroleum ether = 1/6-1/2). 1H 

NMR (400 MHz, CDCl3) δ 8.07-8.03 (m, 

2H), 7.94 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 

9.2 Hz, 2H), 7.69-7.51 (m, 4H), 7.48-7.43 (m, 2H), 7.39 (d, J = 8.8 Hz, 2H), 7.34 (d, J 

= 8.4 Hz, 2H), 7.25-7.21 (m, 1H), 6.52 (d, J = 9.6 Hz, 2H), 6.11 (d, J = 8.4 Hz, 2H); 
13C NMR (100 MHz, CDCl3) δ 159.1, 156.7, 147.0, 142.3, 138.6, 138.0, 135.5, 131.7, 

130.4, 130.1, 129.9, 127.7, 127.5, 125.8, 120.3, 119.1, 118.5, 118.3, 116.2. FT-IR: ν 

(cm-1) 3064, 2924, 2851, 1731, 1621, 1459, 1227, 1109, 932. HRMS [ESI] calcd for 

C36H22NO8S3
+ [M+H]+ 692.0502, found 692.0510. 

 

4r: 96% yield, 92.7 mg, yellow solid, m.p. 95-96 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/5-1/1.5). 1H NMR (400 MHz, 

CDCl3) δ 7.70-7.65 (m, 2H), 7.60-7.55 (m, 1H), 7.42 (d, J 

= 2.4 Hz, 2H), 7.38-7.31 (m, 2H), 7.28 (dd, J = 8.8, 2.0 Hz, 

2H), 6.18 (d, J = 8.4 Hz, 2H), 2.42-2.34 (m, 2H), 1.28-1.22 

(m, 4H), 1.03-0.95 (m, 4H); 13C NMR (100 MHz, CDCl3) δ 147.1, 138.9, 135.1, 131.7, 

130.3, 129.8, 127.2, 125.8, 120.0, 116.0, 33.1, 6.0. FT-IR: ν (cm-1) 2922, 2853, 1585, 

1562, 1492, 1458, 1393, 1306, 1288, 1103, 1071, 904, 719, 660. HRMS [ESI] calcd for 

C24H22NO4S3
+ [M+H]+ 484.0705, found 484.0705. 
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4s: 80% yield, 96.0 mg, yellow solid, m.p. 145-146 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/10-1/5). 1H NMR (400 MHz, CDCl3) 

δ 7.75 (d, J = 8.4 Hz, 4H), 7.47-7.44 (m, 2H), 7.37 (dd, J = 8.4, 

2.4 Hz, 2H), 7.34-7.31 (m, 2H), 7.30-7.27 (m, 6H), 6.12 (d, J = 

8.4 Hz, 2H), 2.39 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 162.7 

(d, JC-F = 249.7 Hz), 146.7, 144.2, 138.7, 136.6, 134.7 (d, JC-F = 3.5 Hz), 132.3 (d, JC-F 

= 8.6 Hz), 130.0, 127.4, 127.2, 125.8, 120.3, 118.7 (d, JC-F = 22.7 Hz), 115.9, 21.6; 19F 

NMR (377 MHz, CDCl3) δ -109.8 (s). FT-IR: ν (cm-1) 3062, 2922, 2856, 1597, 1505, 

1243, 1016, 917. HRMS [CI] calcd for C32H24FNO4S3 [M] 601.0851, found 601.0849. 

 

4t: 96% yield, 117.7 mg, yellow solid, m.p. 122-123 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/10-1/5). 1H NMR (400 MHz, CDCl3) 

δ 7.77-7.72 (m, 4H), 7.43 (d, J = 2.0 Hz, 2H), 7.34 (dd, J = 8.8, 

2.0 Hz, 2H), 7.29-7.26 (m, 4H), 7.17-7.09 (m, 4H), 6.16 (d, J = 

8.4 Hz, 2H), 3.88 (s, 3H), 2.38 (s, 6H); 13C NMR (100 MHz, 

CDCl3) δ
 160.1, 147.1, 144.1, 138.8, 136.2, 131.2, 131.2, 130.0, 127.4, 127.1, 125.7, 

120.0, 116.6, 116.0, 55.7, 21.6. FT-IR: ν (cm-1) 3069, 2944, 1596, 1461, 1397, 1190, 

971. HRMS [ESI] calcd for C33H28NO5S3
+ [M+H]+ 614.1124, found 614.1134. 

 

4u: 71% yield, 80.0 mg, yellow solid, m.p. 98-99 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/5). 1H NMR (400 MHz, CDCl3) 

δ 7.77 (d, J = 8.0 Hz, 4H), 7.69 (dd, J = 8.8, 2.0 Hz, 2H), 

7.53 (d, J = 2.4 Hz, 2H), 7.27 (d, J = 6.4 Hz, 4H), 6.86 (d, J = 8.4 Hz, 2H), 3.82 (t, J = 

6.8 Hz, 2H), 2.37 (s, 6H), 1.72-1.64 (m, 2H), 1.43-1.34 (m, 2H), 0.89 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 148.0, 144.2, 138.8, 136.4, 130.0, 127.5, 127.5, 

126.6, 124.9, 115.8, 47.9, 28.5, 21.6, 19.9, 13.6. FT-IR: ν (cm-1) 2973, 2892, 1649, 1455, 

1319, 1086, 1044. HRMS [EI] calcd for C30H29NO4S3
+ [M]+ 563.1253, found 563.1259. 

 

4v: 60% yield, 65.2 mg, yellow solid, m.p. 120-121 oC. 

Purification by flash column chromatography (eluent: 

EtOAc/Petroleum ether = 1/15-1/10). 1H NMR (400 

MHz, CDCl3) δ 7.89-7.84 (m, 4H), 7.64-7.58 (m, 2H), 

7.57-7.52 (m, 3H), 7.51-7.45 (m, 4H), 7.23-7.20 (m, 

2H), 7.18 (dd, J = 8.4, 2.0 Hz, 2H), 7.14 (d, J = 2.0 Hz, 

2H), 5.89 (d, J = 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ
 143.6, 141.8, 137.4, 136.4, 

134.8, 133.1, 131.8, 129.9, 129.6, 129.3, 127.3, 124.4, 114.8, 113.8. FT-IR: ν (cm-1) 

2996, 2924, 1622, 1572, 1483, 1343, 1204, 933. HRMS [ESI] calcd for 

C30H21NNaO5S2
+ [M+Na]+ 562.0753, found 562.0760. 
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4. Light on/off experiments 

 

 

On/ Off On On Off On Off On Off 

Time/ h 0 2 4 6 8 10 12 

Yield 0 12% 12% 22% 22% 42% 42% 

 

Figure S1 Light on/off experiments 

 

5. UV-Vis absorption and photoluminescence spectroscopy of 3a and 4a  
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Figure S2 UV-Vis absorption spectroscopy of 3a and 4a in MeCN 

 

Figure S3 Photoluminescence spectroscopy of 3a and 4a in MeCN 
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6. Mechanistic experiments  

6.1 Crossover experiment 

 

3a (0.2 mmol) and TsCl (0.8 mmol) were loaded in a flask, which was subjected to 

evacuation/ flushing with N2 for 3 times. MeCN (1.0 mL) was added to the mixture via 

syringe, which was irradiated by 30 W blue LEDs (450 nm wavelength) and stirred at 

rt for 48 h. The mixture was concentrated in vacuo, and purified by flash column 

chromatography on silica gel (eluent: ethyl acetate/petroleum ether) to give 4a. 

 

 

3a (0.2 mmol) and 4-fluorobenzenesulfonyl chloride (0.8 mmol) were loaded in a flask, 

which was subjected to evacuation/ flushing with N2 for 3 times. MeCN (1.0 mL) was 

added to the mixture via syringe, which was irradiated by 30 W blue LEDs (450 nm 

wavelength) and stirred at rt for 48 h. The mixture was concentrated in vacuo, and 

purified by flash column chromatography on silica gel (eluent: ethyl acetate/petroleum 

ether) to give 5a. 

 

5a: 92% yield, 108.0 mg, yellow solid, m.p. 

126-127 oC. Purification by flash column 

chromatography (eluent: EtOAc/Petroleum 

ether = 1/10-1/6). 1H NMR (400 MHz, CDCl3) 

δ 7.90-7.82 (m, 2H), 7.73 (d, J = 8.4 Hz, 2H), 

7.65-7.60 (m, 2H), 7.56-7.52 (m, 1H), 7.45-7.40 

(m, 2H), 7.34-7.29 (m, 2H), 7.26-7.22 (m, 4H), 7.17-7.10 (m, 2H), 6.10 (dd, J = 8.8, 

4.0 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 165.4 (d, JC-F = 254.3 Hz), 

147.0, 146.6, 144.2, 138.8, 138.7, 137.8 (d, JC-F = 3.2 Hz), 136.5, 135.7, 131.6, 130.3, 

130.2, 130.2, 130.0, 129.8, 127.4, 127.3, 127.2, 125.7 (d, JC-F = 3.1 Hz), 120.3, 120.0, 

116.3 (d, JC-F = 22.6 Hz), 116.1, 116.1, 21.6. FT-IR: ν (cm-1) 3100, 3064, 2923, 1586, 

1456, 1303, 1150, 1016, 938. HRMS [ESI] calcd for C31H22FNNaO4S3
+ [M+Na]+ 

610.0587, found 610.0585. 

 



21 

 

6.2 Fluorescence quenching experiments (Stern–Volmer studies) 

Emission intensities were recorded using a FLS980 (Edinburgh Instrument, UK) 

luminescence spectrophotometer. All PTH solutions were excited at 340 nm and the 

emission intensity was collected at 442 nm. In a typical experiment, to a 3·10-3 M 

solution of PTH in MeCN was added the appropriate amount of a quencher TsCl in a 

screw-top quartz cuvette. After degassing the sample with a stream of N2 for 10 minutes, 

the emission of the sample was collected. 

 

Fig. S4 Fluorescence quenching experiments 

 

6.3 Kinetic experiments 
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Fig. S5 Yield-time curve of mono-sulfonylation of 1b 

 

Fig. S6 Yield-time curve of di-sulfonylation of 1b 

 

6.4 Cyclic voltammogram of 3a and 4a 
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Fig. S7 Cyclic voltammogram of 3a vs SCE in MeCN at 0.1 V/s 

 

Using the ground state reduction potential of 3a (E1/2(P+/P) = 0.90 V vs SCE, Fig. S7), 

the excited state oxidation potential for 3a was estimated from the crossing point of the 

normalized absorption and emission spectra (433 nm), E1/2(P
*/P+) = -1.95 V vs SCE 

was obtained. 
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Fig. S8 Cyclic voltammogram of 4a vs SCE in MeCN at 0.1 V/s 

 

Using the ground state reduction potential of 4a (E1/2(P
•+/P) = 1.15 V vs SCE, Fig. S8), 

the excited state oxidation potential for 4a was estimated from the crossing point of the 

normalized absorption and emission spectra (450 nm), E1/2(P
*/P•+) = -1.60 V vs SCE 

was obtained. 
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6.5 UV-Vis studies 

 

Figure S9 Absorption spectroscopy of 1a, 2a and the mixture of 1a and 2a in MeCN, 

and emission spectroscopy of 30 W blue LED. 
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7. NMR spectra  
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