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1. General experimental details  

All reactions were maintained under nitrogen 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 and a BRUKER AVANCE III 

HD (500 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 or 125 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 (376 MHz) 

spectrometer. High resolution mass spectrometry (HRMS) was measured with a GCT 

PremierTM and BRUKER micrOTF-Q III. Melting points were measured using INESA 

WRR and values are uncorrected. 

Propargyl alcohol 1aa and allylcyclopropane sulfonyl chloride 2 are commercially 

available reagents. 

 

2. General procedure for the synthesis of spirocyclic vinyl sulfones  

 

Propargyl alcohol 1 or 4 (0.2 mmol), Na2HPO4 (0.2 mmol), and fac-Ir(ppy)3 (0.006 

mmol, 3 mol %) were loaded in a reaction vial which was subjected to evacuation/ 

flushing with N2 three times. Then allylcyclopropane sulfonyl chloride 2 (0.3 mmol) in 

CH3CN (2 mL) and H2O (0.2 mL) were added to the mixture via syringe. The reaction 

was irradiated with 12 W blue LEDs for about 12 hours. After reaction completion, the 

reaction mixture was directly concentrated in vacuo. Purification the residue by flash 

column chromatography on silica gel afforded the desired product 3 or 5. 

 

Gram-scale preparation: 

Propargyl alcohol 1a (5.0 mmol, 1.016 g), Na2HPO4 (5.0 mmol, 0.710 g), and fac-

Ir(ppy)3 (3 mol %, 100 mg) were loaded in a 100 mL round-bottom flask which was 

subjected to evacuation/ flushing with N2 three times. Then allylcyclopropane sulfonyl 

chloride (7.5 mmol, 1.355 g) in CH3CN (50 mL) and H2O (5 mL) were added to the 

mixture. The reaction was irradiated with 12 W blue LEDs for 48 hours. After reaction 

completion, the reaction mixture was extracted with EtOAc, and the organic layers were 
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dried over anhydrous Na2SO4, and concentrated in vacuo. Purification the residue by 

flash column chromatography on silica gel afforded the desired product 3a (76 % yield, 

1.3203 g).  

 

3. Synthesis of starting materials 

 

First step: To a solution of trimethylsilylacetylene (5.5 mmol, 1.1 equiv.) in anhydrous 

THF (11 mL, 0.5 M) was slowly added n-butyllithium (5.5 mmol, 1.1 equiv.) at -78 oC, 

then the mixture was stirred for 30 min at room temperature. Then ketone (5.0 mmol, 

1.0 equiv.) in anhydrous THF (5 mL) was added dropwise via syringe and the mixture 

was stirred at room temperature for another 1 h. After reaction completion, the mixture 

was quenched by H2O and extracted with EtOAc for three times. The combined organic 

extracts were washed by brine, dried over MgSO4, filtered, concentrated, and purified 

by flash column chromatography on silica gel to give S1. 

Second Step: A solution of S1 (4.0 mmol, 1.0 equiv.) in CH3OH (8 mL,0.5 M) was 

added K2CO3 (4.8 mmol, 1.2 equiv.) and stirred for 1 h at room temperature. After 

reaction completion, the crude reaction mixture was extracted with EtOAc, and the 

organic layers were dried over anhydrous Na2SO4, and concentrated in vacuo. 

Purification the residue by flash column chromatography on silica gel afforded the 

corresponding propargyl alcohol 1 or 4. 

 

4. Characterization of new starting materials and products 

a. Starting materials 

1a: yellow solid, m.p. 162-163 oC. 1H NMR (400 MHz, CDCl3) δ 

8.07-8.03 (m, 1H), 7.91-7.87 (m, 1H), 7.52-7.46 (m, 1H), 7.43-7.37 

(m, 1H), 3.94 (br, 1H), 2.73 (s, 1H), 2.02 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 174.9, 152.7, 135.5, 126.3, 125.5, 123.5, 121.8, 84.9, 74.0, 

68.9, 31.5. FT-IR: ν (cm-1) 3232, 2212, 1651, 1633, 1364, 1155, 1036, 

760. HRMS [ESI] calcd for C11H10NOS [M+H]+ 204.0478, found 204.0477. 

 

1b: yellow solid, m.p. 154-155 oC. 1H NMR (500 MHz, CDCl3) δ 

8.05 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.52-7.47 (m, 

1H), 7.43-7.38 (m, 1H), 3.80 (br, 1H), 2.74 (s, 1H), 2.31-2.16 (m, 

2H), 1.11 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 174.4, 
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152.6, 135.5, 126.3, 125.4, 123.4, 121.8, 83.9, 74.8, 72.5, 37.2, 8.3. FT-IR: ν (cm-1) 

3242, 2102, 1651, 1633, 1315, 1180, 1057, 758. HRMS [ESI] calcd for C12H12NOS 

[M+H]+ 218.0643, found 218.0638. 

 

1c: yellow solid, m.p. 122-123 oC. 1H NMR (400 MHz, CDCl3) δ 

8.05 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.52-7.46 (m, 

1H), 7.43-7.37 (m, 1H), 3.79 (s, 1H), 2.74 (s, 1H), 2.50-2.39 (m, 

1H), 1.14 (d, J = 6.8 Hz, 3H), 1.04 (d, J = 6.4 Hz, 3H); 13C NMR 

(125 MHz, CDCl3) δ 174.5, 152.4, 135.5, 126.2, 125.4, 123.4, 

121.8, 83.4, 75.6, 75.4, 40.2, 17.6, 16.5. FT-IR: ν (cm-1) 3271, 2972, 2116, 1633, 1506, 

1381, 1139, 1005. HRMS [ESI] calcd for C13H14NOS [M+H]+ 232.0791, found 

232.0792. 

 

1d: yellow solid, m.p. 157-158 oC. 1H NMR (400 MHz, d6-DMSO) 

δ 8.08 (d, J = 7.6 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.54-7.48 (m, 

1H), 7.46-7.40 (m, 1H), 7.07 (s, 1H), 3.64 (s, 1H), 1.60-1.52 (m, 

1H), 0.71-0.63 (m, 2H), 0.59-0.52 (m, 1H), 0.49-0.42 (m, 1H); 13C 

NMR (100 MHz, d6-DMSO) δ 177.4, 153.4, 135.0, 126.6, 125.6, 

123.3, 122.7, 83.9, 76.6, 71.4, 22.7, 2.8, 2.2. FT-IR: ν (cm-1) 3289, 3065, 2116, 1636, 

1450, 1386, 1155, 1051. HRMS [ESI] calcd for C13H12NOS [M+H]+ 230.0634, found 

230.0643. 

 

1e: yellow solid, m.p. 172-173 oC. 1H NMR (500 MHz, d6-

DMSO) δ 8.08-8.05 (m, 1H), 7.98 (br, 1H), 7.96-7.93 (m, 1H), 

7.75-7.71 (m, 2H), 7.49-7.45 (m, 1H), 7.43-7.36 (m, 3H), 7.33-

7.28 (m, 1H), 3.98 (s, 1H); 13C NMR (125 MHz, d6-DMSO) δ 

177.4, 153.4, 143.4, 135.1, 128.7, 128.6, 126.7, 126.4, 125.7, 

123.3, 122.8, 85.2, 78.2, 72.7. FT-IR: ν (cm-1) 3564, 3417, 2120, 1633, 1489, 1157, 

1067, 984. HRMS [ESI] calcd for C16H11NNaOS [M+Na]+ 288.0454, found 288.0453. 

 

1f: yellow solid, m.p. 50-51 oC. 1H NMR (500 MHz, CDCl3) δ 7.83-

7.79 (m, 1H), 7.75-7.72 (m, 1H), 7.44 (s, 1H), 7.38-7.30 (m, 2H), 2.82 

(br, 1H), 2.75 (s, 1H), 1.96 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 

150.1, 139.7, 139.2, 124.6, 124.5, 123.9, 122.5, 120.7, 86.0, 73.2, 67.6, 

32.8. FT-IR: ν (cm-1) 3291, 2985, 2116, 1653, 1369, 1155, 1069, 748. 

HRMS [ESI] calcd for C12H11OS [M+H]+ 203.0525, found 203.0519. 

 

1g: yellow solid, m.p. 53-54 oC. 1H NMR (500 MHz, CDCl3) δ 7.58-

7.55 (m, 1H), 7.52-7.48 (m, 1H), 7.33-7.28 (m, 1H), 7.27-7.22 (m, 

1H), 6.81 (s, 1H), 2.79 (br, 1H), 2.68 (s, 1H), 1.95 (s, 3H); 13C NMR 

(125 MHz, CDCl3) δ 158.1, 155.1, 127.8, 124.7, 123.0, 121.4, 111.5, 

102.7, 84.7, 72.9, 65.2, 28.6. FT-IR: ν (cm-1) 3292, 2993, 2120, 1651, 

1454, 1373, 1141, 752. HRMS [ESI] calcd for C12H10KO2 [M+K]+ 225.0312, found 

225.0314. 
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1h: yellow solid, m.p. 65-66 oC. 1H NMR (500 MHz, CDCl3) δ 8.80 (d, J 

= 5.0 Hz, 2H), 7.30 (dd, J = 5.0 Hz, 5.0 Hz, 1H), 5.13 (br, 1H), 2.54 (s, 

1H), 1.90 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 169.8, 157.4, 120.1, 86.4, 

71.8, 69.6, 30.0. FT-IR: ν (cm-1) 3291, 2986, 2112, 1634, 1508, 1404, 

1153, 1086. HRMS [ESI] calcd for C8H9N2O [M+H]+ 149.0709, found 149.0709. 

 

1i: yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.80 (s, 1H), 8.57-8.50 (m, 

2H), 4.68 (br, 1H), 2.64 (s, 1H), 1.85 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 157.3, 143.9, 142.5, 142.3, 85.7, 73.3, 68.0, 31.5. FT-IR: ν (cm-1) 3562, 

3332, 2114, 1634, 1506, 1339, 1147, 1107. HRMS [ESI] calcd for 

C8H9N2O [M+H]+ 149.0709, found 149.0705. 

 

1j: yellow solid, m.p. 149-150 oC. 1H NMR (400 MHz, CDCl3) δ 8.57-

8.53 (m, 2H), 7.57-7.54 (m, 2H), 3.70 (br, 1H), 2.68 (s, 1H), 1.76 (s, 3H); 

13C NMR (100 MHz, d6-DMSO) δ 155.3, 150.0, 120.4, 87.9, 75.3, 67.6, 

33.3. FT-IR: ν (cm-1) 3235, 1867, 1634, 1506, 1456, 1361, 1161, 1007. 

HRMS [ESI] calcd for C9H10NO [M+H]+ 148.0757, found 148.0752. 

 

1k: yellow solid, m.p. 92-93 oC. 1H NMR (500 MHz, CDCl3) δ 7.73 (s, 

1H), 7.30 (s, 1H), 4.47 (br, 1H), 2.67 (s, 1H), 1.95 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ 174.6, 142.5, 119.9, 85.3, 73.4, 68.4, 31.7. FT-IR: ν (cm-

1) 3219, 2797, 2112, 1634, 1506, 1368, 1144, 1061. HRMS [ESI] calcd for 

C7H8NOS [M+H]+ 154.0321, found 154.0320. 

 

1l: yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.27-7.24 (m, 1H), 7.21-7.19 

(m, 1H), 6.95 (dd, J = 5.0 Hz, 4.0 Hz, 1H), 2.71 (br, 1H), 2.68 (s, 1H), 1.90 

(s, 3H); 13C NMR (125 MHz, CDCl3) δ 149.7, 126.7, 125.3, 124.2, 86.4, 

72.6, 67.2, 33.0. FT-IR: ν (cm-1) 3291, 2988, 2114, 1637, 1369, 1236, 1136, 

926. HRMS [ESI] calcd for C8H7S [M+H-H2O]+ 135.0263, found 135.0260. 

 

1m: yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.41-7.39 (m, 1H), 6.42-

6.39 (m, 1H), 6.35-6.32 (m, 1H), 2.65 (br, 1H), 2.61 (s, 1H), 1.85 (s, 3H); 

13C NMR (125 MHz, CDCl3) δ 155.7, 142.6, 110.3, 106.0, 85.1, 72.2, 64.7, 

28.5. FT-IR: ν (cm-1) 3294, 2993, 2118, 1633, 1373, 1339, 1159, 1010. 

HRMS [ESI] calcd for C8H7O [M+H-H2O]+ 119.0491, found 119.0486. 

 

1n white solid, m.p. 47-48 oC. 1H NMR (500 MHz, CDCl3) δ 7.69-7.65 

(m, 2H), 7.41-7.35 (m, 2H), 7.34-7.29 (m, 1H), 2.68 (s, 1H), 2.44 (br, 1H), 

1.80 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 145.0, 128.4, 127.9, 124.9, 

87.2, 73.1, 69.9, 33.1. FT-IR: ν (cm-1) 3294, 2987, 2114, 1635, 1447, 1225, 

1091, 764. HRMS [ESI] calcd for C10H9 [M+H-H2O]+ 129.0699, found 129.0695. 

 



6 
 

1o: white solid, m.p. 30-31 oC. 1H NMR (500 MHz, CDCl3) δ 7.58-7.53 

(m, 2H), 7.20-7.17 (m, 2H), 2.67 (s, 1H), 2.43 (br, 1H), 2.36 (s, 3H), 

1.79 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 142.2, 137.6, 129.0, 124.8, 

87.4, 72.9, 69.7, 33.0, 21.1. FT-IR: ν (cm-1) 3291, 2986, 2012, 1634, 

1508, 1339, 1153, 1086. HRMS [ESI] calcd for C11H12KO [M+K]+ 199.0520, found 

199.0520. 

 

1p: white solid, m.p. 39-40 oC. 1H NMR (500 MHz, CDCl3) δ 7.60-

7.56 (m, 2H), 6.90-6.87 (m, 2H), 3.81 (s, 3H), 2.67 (s, 1H), 2.53-2.50 

(m, 1H), 1.77 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.2, 137.2, 

126.2, 113.6, 87.4, 73.0, 69.5, 55.4, 33.0. FT-IR: ν (cm-1) 3294, 2986, 

2112, 1611, 1508, 1252, 1179, 1030. HRMS [ESI] calcd for C11H12NaO [M+Na]+ 

199.0730, found 199.0730. 

 

1q: white solid, m.p. 73-74 oC. 1H NMR (500 MHz, CDCl3) δ 7.52-

7.49 (m, 2H), 7.33-7.29 (m, 2H), 2.58 (s, 1H), 2.37 (br, 1H), 1.70 (s, 

3H), 1.24 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 150.9, 142.0, 125.3, 

124.6, 87.4, 72.9, 69.7, 34.5, 32.9, 31.4. FT-IR: ν (cm-1) 3305, 2964, 

2114, 1634, 1506, 1361, 1157, 1086. HRMS [ESI] calcd for 

C14H18NaO [M+Na]+ 225.1250, found 225.1241. 

 

1r: yellow solid, m.p. 39-40 oC. 1H NMR (500 MHz, CDCl3) δ 7.61-

7.56 (m, 2H), 7.35-7.31 (m, 2H), 2.69 (s, 1H), 2.56 (br, 1H), 1.76 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 143.6, 133.7, 128.5, 126.5, 86.8, 

73.5, 69.4, 33.2. FT-IR: ν (cm-1) 3298, 2988, 2114, 1636, 1489, 1396, 

1153, 1094. HRMS [EI] calcd for C10H9ClO [M]+ 180.0337, found 180.0339. 

 

1s: white solid, m.p. 42-43 oC. 1H NMR (500 MHz, CDCl3) δ 7.54-

7.50 (m, 2H), 7.50-7.46 (m, 2H), 2.68 (s, 1H), 2.59 (br, 1H), 1.75 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 144.1, 131.4, 126.8, 121.9, 86.7, 

73.5, 69.5, 33.2. FT-IR: ν (cm-1) 3296, 2986, 2114, 1636, 1487, 1394, 

1152, 1086. HRMS [ESI] calcd for C10H10BrO [M+H]+ 224.9910, found 224.9902. 

 

1t: yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.78-7.74 (m, 2H), 7.66-

7.63 (m, 2H), 2.72 (s, 1H), 2.71 (br, 1H), 1.76 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ 150.2, 132.3, 125.8, 118.7, 111.6, 86.1, 74.0, 69.4, 

33.3. FT-IR: ν (cm-1) 3294, 2988, 2232, 2114, 1609, 1404, 1368, 

1159. HRMS [ESI] calcd for C11H9NNaO [M+Na]+ 194.0576, found 194.0570. 

 

1u: yellow solid, m.p. 48-49 oC. 1H NMR (400 MHz, CDCl3) δ 7.80-

7.75 (m, 2H), 7.65-7.60 (m, 2H), 2.71 (s, 1H), 2.64 (s, 1H), 1.78 (s, 

3H); 13C NMR (125 MHz, CDCl3) δ 148.9, 130.1 (q, J = 32.1 Hz), 

125.4, 125.4 (q, J = 3.8 Hz), 124.1 (q, J = 270.4 Hz), 86.5, 73.7, 69.6, 

33.3; 19F NMR (376 MHz, CDCl3) δ -62.5. FT-IR: ν (cm-1) 3306, 
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2989, 2118, 1620, 1414, 1371, 1165, 1070. HRMS [ESI] calcd for C11H10F3O [M+H]+ 

215.0678, found 215.0683. 

 

1v: yellow solid, m.p. 84-85 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.78-7.75 (m, 4H), 3.05 (t, J = 7.6 Hz, 4H), 2.76 (s, 1H), 

2.71 (s, 1H), 1.77 (s, 3H), 1.60-1.50 (m, 4H), 0.86 (t, J = 7.6 

Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 149.4, 139.4, 127.2, 

125.6, 86.4, 73.8, 69.5, 50.2, 33.4, 22.1, 11.2. FT-IR: ν (cm-

1) 3308, 2967, 2345, 1636, 1489, 1361, 1155, 1094. HRMS [ESI] calcd for C16H24NO3S 

[M+H]+ 310.1471, found 310.1466. 

 

1w: colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.50-7.44 (m, 2H), 

7.29-7.24 (m, 1H), 7.15-7.10 (m, 1H), 2.67 (s, 1H), 2.42 (br, 1H), 2.39 

(s, 3H), 1,79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 145.0, 138.1, 128.6, 

128.3, 125.5, 121.9, 87.4, 73.0, 69.8, 33.1, 21.6. FT-IR: ν (cm-1) 3294, 

2986, 2113, 1607, 1487, 1368, 1153, 1086. HRMS [ESI] calcd for C11H12KO [M+K]+ 

199.0520, found 199.0515. 

 

1x: colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.83-7.80 (m, 1H), 

7.60-7.56 (m, 1H), 7.46-7.41 (m, 1H), 7.27-7.21 (m, 1H), 2.70 (s, 1H), 

2.54 (s, 1H), 1.77 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 147.3, 130.9, 

130.0, 128.2, 123.6, 122.5, 86.6, 73.6, 69.4, 33.2. FT-IR: ν (cm-1) 

3296, 2986, 2115, 1636, 1472, 1338, 1155, 1074. HRMS [ESI] calcd for C10H10BrO 

[M+H]+ 224.9910, found 224.9907. 

 

1y: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.80-7.76 (m, 1H), 7.42-

7.37 (m, 1H), 7.31-7.21 (m, 2H), 3.31 (br, 1H), 2.64 (s, 1H), 1.95 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 140.7, 131.8, 131.4, 129.2, 127.0, 126.8, 

86.2, 72.9, 68.9, 29.6. FT-IR: ν (cm-1) 3296, 2986, 2114, 1636, 1431, 1371, 

1155, 1097. HRMS [EI] calcd for C10H9ClO [M]+ 180.0337, found 180.0338. 

 

4a: white solid, m.p. 63-64 oC. 1H NMR (400 MHz, CDCl3) δ 7.54-7.49 

(m, 1H), 7.31-7.23 (m, 3H), 3.16-3.06 (m, 1H), 2.96-2.86 (m, 1H), 2.63 

(s, 1H), 2.61-2.51 (m, 1H), 2.47-2.39 (m, 1H), 2.37 (s, 1H); 13C NMR 

(100 MHz, CDCl3) δ 145.3, 143.1, 129.2, 127.2, 125.1, 123.2, 85.9, 

76.2, 73.0, 43.1, 29.6. FT-IR: ν (cm-1) 3291, 3022, 2988, 1634, 1474, 1338, 1157, 1042. 

HRMS [ESI] calcd for C11H10KO [M+K]+ 197.0363, found 197.0370. 

 

4b: yellow solid, m.p. 46-47 oC. 1H NMR (400 MHz, CDCl3) δ 7.80-7.75 

(m, 1H), 7.28-7.20 (m, 2H), 7.13-7.08 (m, 1H), 2.89-2.75 (m, 2H), 2.60 

(s, 1H), 2.36 (s, 1H), 2.25-2.20 (m, 2H), 2.09-1.99 (m, 1H), 1.99-1.88 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 138.6, 136.1, 129.2, 128.3, 127.7, 

126.6, 88.1, 72.4, 67.7, 38.9, 29.2, 19.1. FT-IR: ν (cm-1) 3289, 2940, 2106, 
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1636, 1489, 1362, 1161, 1086. HRMS [ESI] calcd for C12H12NaO [M+Na]+ 195.0780, 

found 195.0783. 

 

4c: white solid, m.p. 77-78 oC. 1H NMR (400 MHz, CDCl3) δ 7.85-

7.79 (m, 1H), 7.65-7.59 (m, 1H), 7.40-7.31 (m, 2H), 2.86-2.73 (m, 

2H), 2.68 (s, 1H), 2.63 (s, 1H), 2.40-2.26 (m, 2H), 2.20-2.06 (m, 

2H); 13C NMR (125 MHz, CDCl3) δ 139.3, 139.3, 138.7, 132.1, 

125.1, 124.2, 122.8, 121.9, 86.4, 73.2, 66.2, 39.7, 23.5, 19.3. FT-IR: ν (cm-1) 3291, 

2932, 2114, 1634, 1471, 1373, 1153, 1047. HRMS [ESI] calcd for C14H11S [M+H-

H2O]+ 211.0576, found 211.0571. 

 

4d: yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.52-7.46 (m, 2H), 

7.33-7.28 (m, 1H), 7.26-7.21 (m, 1H), 2.77 (s, 1H), 2.76-2.69 (m, 

1H), 2.65 (s, 1H), 2.69-2.62 (m, 1H), 2.37-2.26 (m, 2H), 2.10-1.97 

(m, 2H); 13C NMR (125 MHz, CDCl3) δ 154.7, 151.2, 127.7, 124.9, 

122.7, 119.8, 115.8, 111.7, 84.4, 73.2, 64.0, 39.5, 20.6, 19.9. FT-IR: ν (cm-1) 3291, 

2947, 2114, 1634, 1452, 1250, 1134, 970. HRMS [ESI] calcd for C14H12NaO2 [M+Na]+ 

235.0730, found 235.0734. 

 

4e: yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.24 (d, J = 4.0 Hz, 1H), 

6.74 (d, J = 4.0 Hz, 1H), 2.74-2.67 (m, 1H), 2.63 (s, 1H), 2.65-2.58 (m, 

1H), 2.47 (s, 1H), 2.24-2.20 (m, 2H), 2.08-1.99 (m, 1H), 1.99-1.91 (m, 

1H); 13C NMR (125 MHz, CDCl3) δ 138.6, 137.7, 127.2, 125.2, 87.1, 72.4, 

65.5, 39.6, 25.4, 19.6. FT-IR: ν (cm-1) 3289, 2936, 2112, 1651, 1454, 1319, 

1159, 1089. HRMS [ESI] calcd for C10H9S [M+H-H2O]+ 161.0419, found 161.0415. 

 

4f: yellow solid, m.p. 101-102 oC. 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 

1H), 4.06 (s, 1H), 2.91-2.75 (m, 2H), 2.63 (s, 1H), 2.28-2.15 (m, 2H), 

2.12-1.96 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 152.7, 152.6, 133.6, 

86.7, 72.9, 65.1, 39.6, 26.4, 19.5. FT-IR: ν (cm-1) 3287, 2949, 2110, 1651, 

1454, 1359, 1265, 1085. HRMS [ESI] calcd for C9H10NOS [M+H]+ 180.0478, found 

180.0473. 

 

4g: yellow solid, m.p. 91-92 oC. 1H NMR (500 MHz, CDCl3) δ 8.45 (d, 

J = 4.5 Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.16 (dd, J = 7.5 Hz, 4.5 Hz, 

1H), 4.71 (s, 1H), 2.86-2.81 (m, 2H), 2.55 (s, 1H), 2.47-2.42 (m, 1H), 

2.15-2.07 (m, 1H), 2.06-1.97 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 

156.8, 147.3, 137.6, 130.6, 123.2, 87. 6, 73.0, 68.0, 36.5, 27.9, 19.2. FT-

IR: ν (cm-1) 3286, 2949, 2104, 1573, 1445, 1329, 1169, 1086. HRMS [ESI] calcd for 

C11H12NO [M+H]+ 174.0914, found 174.0913. 
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4h: white solid, m.p. 105-106 oC. 1H NMR (400 MHz, CDCl3) δ 7.73-

7.68 (m, 2H), 7.64-7.59 (m, 2H), 7.44-7.32 (m, 4H), 2.70 (s, 1H), 2.47 

(s, 1H); 13C NMR (100 MHz, CDCl3) δ 146.6, 139.1, 129.9, 128.7, 

124.3, 120.3, 83.9, 74.6, 71.5. FT-IR: ν (cm-1) 3290, 2989, 2112, 1633, 

1506, 1365, 1158, 1059. HRMS [ESI] calcd for C15H11O [M+H]+ 

207.0804, found 207.0810. 

 

4i: white solid, m.p. 40-41 oC. 1H NMR (400 MHz, CDCl3) δ 7.68-7.64 

(m, 1H), 7.25-7.20 (m, 1H), 6.98-6.93 (m, 1H), 6.86-6.82 (m, 1H), 4.34-

4.29 (m, 2H), 2.71 (s, 1H), 2.64 (s, 1H), 2.41-2.33 (m, 1H), 2.32-2.26 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 153.5, 130.3, 128.2, 124.6, 120.9, 

117.3, 86.3, 73.1, 63.6, 62.2, 37.0. FT-IR: ν (cm-1) 3289, 2926, 2117, 

1633, 1456, 1373, 1159, 758. HRMS [ESI] calcd for C11H10NaO2 [M+Na]+ 197.0573, 

found 197.0582. 

 

4j: yellow solid, m.p. 54-55 oC. 1H NMR (500 MHz, CDCl3) δ 7.86-7.82 

(m, 1H), 7.19-7.15 (m, 1H), 7.13-7.08 (m, 2H), 3.33-3.26 (m, 1H), 3.05-

2.99 (m, 1H), 2.68 (s, 1H), 2.59-2.53 (m, 1H), 2.46 (s, 1H), 2.41-1.34 (m, 

1H); 13C NMR (125 MHz, CDCl3) δ 134.7, 132.5, 128.8, 128.6, 126.8, 

124.6, 86.5, 73.9, 66.4, 37.0, 22.2. FT-IR: ν (cm-1) 3287, 2924, 2112, 

1636, 1471, 1173, 1080, 1036. HRMS [ESI] calcd for C11H10KOS [M+K]+ 229.0084, 

found 229.0086. 

 

4k: yellow solid, m.p. 63-64 oC. 1H NMR (400 MHz, CDCl3) δ 7.99-

7.95 (m, 2H), 7.44-7.38 (m, 2H), 7.27-7.18 (m, 4H), 2.92 (s, 1H), 

2.75 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 149.6, 130.2, 128.6, 

123.7, 123.3, 116.9, 85.1, 75.8, 64.0. FT-IR: ν (cm-1) 3291, 2118, 

1603, 1450, 1317, 1242, 1153, 756. HRMS [ESI] calcd for 

C15H10NaO2 [M+Na]+ 245.0573, found 245.0579. 

 

4l: yellow solid, m.p. 96-97 oC. 1H NMR (400 MHz, CDCl3) δ 8.17-

8.11 (m, 2H), 7.54-7.48 (m, 2H), 7.40-7.29 (m, 4H), 2.96 (s, 1H), 

2.93 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 136.0, 131.5, 128.2, 

127.0, 126.7, 126.6, 82.7, 76.7, 70.5. FT-IR: ν (cm-1) 3289, 2926, 

2114, 1634, 1456, 1267, 1159, 1063. HRMS [ESI] calcd for 

C15H10NaOS [M+Na]+ 261.0345, found 261.0346. 

 

4m: yellow solid, m.p. 211-212 oC. 1H NMR (400 MHz, d6-DMSO) 

δ 8.17-8.13 (m, 2H), 8.10-8.06 (m, 2H), 7.86-7.80 (m, 2H), 7.75-7.68 

(m, 2H), 3.76 (s, 1H), 3.37 (s, 1H); 13C NMR (100 MHz, d6-DMSO) 

δ 142.3, 135.4, 134.0, 130.0, 127.4, 123.7, 85.1, 77.6, 64.2. FT-IR: ν 

(cm-1) 3258, 2920, 2114, 1445, 1292, 1163, 1136, 1063. HRMS [ESI] 

calcd for C15H14NO3S [M+NH4]
+ 288.0689, found 288.0687. 
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b. Products 

3a: yellow solid, m.p. 144-145 oC. 1H NMR (500 MHz, CDCl3) 

δ 7.95 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.48-7.43 

(m, 1H), 7.39-7.34 (m, 1H), 7.15 (s, 1H), 3.59-3.53 (m, 1H), 

3.37-3.31 (m, 1H), 3.29-3.24 (m, 1H), 2.52 (dd, J = 15.5 Hz, 

5.0 Hz, 1H), 2.46 (s, 3H), 2.08 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 

1.72-1.65 (m, 1H), 1.48-1.40 (m, 2H), 0.86-0.79 (m, 1H); 13C 

NMR (125 MHz, CDCl3) δ 197.3, 167.5, 153.0, 147.6, 135.4, 135.3, 126.2, 125.3, 122. 

9, 121.7, 35.9, 35.3, 34.2, 31.0, 26.5, 13.3, 8.4. FT-IR: ν (cm-1) 2924, 1688, 1435, 1362, 

1296, 1211, 1125, 763. HRMS [ESI] calcd for C17H18NO3S2 [M+H]+ 348.0723, found 

348.0732. 

 

3b: yellow solid, m.p. 106-107 oC. 1H NMR (500 MHz, 

CDCl3) δ 7.95 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 

7.48-7.44 (m, 1H), 7.40-7.35 (m, 1H), 7.11 (s, 1H), 3.61-3.55 

(m, 1H), 3.37-3.30 (m, 1H), 3.28-3.23 (m, 1H), 2.90-2.81 (m, 

1H), 2.78-2.69 (m, 1H), 2.52 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 

2.09 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 1.72-1.65 (m, 1H), 1.48-

1.41 (m, 2H), 1.14 (t, J = 7.5 Hz, 3H), 0.84-0.80 (m, 1H); 13C NMR (125 MHz, CDCl3) 

δ 200.1, 167. 6, 153.0, 147.5, 135.3, 134.2, 126.2, 125.3, 122.9, 121.7, 36.0, 35.3, 34.5, 

31.8, 31.1, 13.2, 8.4, 7.9. FT-IR: ν (cm-1) 2922, 1668, 1514, 1435, 1298, 1169, 1125, 

762. HRMS [ESI] calcd for C18H20NO3S2 [M+H]+ 362.0879, found 362.0877. 

 

3c: yellow solid, m.p. 125-126 oC. 1H NMR (500 MHz, 

CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 

7.49-7.44 (m, 1H), 7.40-7.35 (m, 1H), 7.11 (s, 1H), 3.64-3.57 

(m, 1H), 3.31-3.18 (m, 3H), 2.50 (dd, J = 15.5 Hz, 5.0 Hz, 

1H), 2.10 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 1.73-1.65 (m, 1H), 

1.47-1.40 (m, 2H), 1.19 (d, J = 6.0 Hz, 3H), 1.18 (d, J = 6.5 

Hz, 3H), 0.85-0.80 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 203.9, 167.5, 153.0, 147.1, 

135.3, 133.8, 126.2, 125.3, 122.9, 121.7, 36.0, 35.7, 35.3, 34.6, 30.9, 19.4, 18.5, 13.0, 

8.5. FT-IR: ν (cm-1) 2928, 2359, 1688, 1514, 1435, 1298, 1196, 1123. HRMS [ESI] 

calcd for C19H22NO3S2 [M+H]+ 376.1036, found 376.1044. 

 

3d: yellow solid, m.p. 153-154 oC. 1H NMR (500 MHz, 

CDCl3) δ 7.95 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 

7.48-7.43 (m, 1H), 7.39-7.34 (m, 1H), 7.24 (s, 1H), 3.63-

3.57 (m, 1H), 3.34-3.25 (m, 2H), 2.44 (dd, J = 15.5 Hz, 5.0 

Hz, 1H), 2.37-2.31 (m, 1H), 2.19 (dd, J = 15.5 Hz, 5.5 Hz, 

1H), 1.70-1.64 (m, 1H), 1.47-1.41 (m, 1H), 1.38-1.32 (m, 

1H), 1.20-1.13 (m, 2H), 1.12-1.08 (m, 1H), 1.07-1.00 (m, 1H), 0.87-0.81 (m, 1H); 13C 

NMR (125 MHz, CDCl3) δ 200.0, 167.5, 153.0, 149.0, 135.3, 133.8, 126.2, 125.3, 122.9, 

121.7, 36.1, 35.5, 34.8, 31.4, 18.2, 13.6, 12.7, 12.4, 8.9. FT-IR: ν (cm-1) 2922, 2359, 
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1688, 1506, 1456, 1298, 1163, 1125. HRMS [ESI] calcd for C19H20NO3S2 [M+H]+ 

374.0879, found 374.0877. 

 

3e: white solid, m.p. 173-174 oC. 1H NMR (500 MHz, 

CDCl3) δ 7.91-7.86 (m, 3H), 7.81 (d, J = 8.0 Hz, 1H), 

7.66-7.61 (m, 1H), 7.52-7.47 (m, 2H), 7.46-7.41 (m, 1H), 

7.38-7.33 (m, 1H), 6.76 (s, 1H), 3.83-3.76 (m, 1H), 3.44 

(dd, J = 15.0 Hz, 9.0 Hz, 1H), 3.33 (dd, J = 15.0 Hz, 4.0 

Hz, 1H), 2.65 (dd, J = 15.0 Hz, 8.0 Hz, 1H), 2.25 (dd, J 

= 15.0 Hz, 5.0 Hz, 1H), 1.70-1.64 (m, 1H), 1.50-1.43 (m, 1H), 1.23-1.17 (m, 1H), 0.97-

0.91 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 194.2, 166.7, 153.1, 148.3, 135.2, 135.0, 

134.4, 134.2, 130.2, 128.9, 126.2, 125.3, 122.9, 121.6, 36.3, 36.0, 35.9, 32.5, 11.1, 10.2. 

FT-IR: ν (cm-1) 2922, 1668, 1446, 1300, 1273, 1236, 1128, 762. HRMS [ESI] calcd for 

C22H20NO3S2 [M+H]+ 410.0879, found 410.0878. 

 

3f: yellow solid, m.p. 151-152 oC. 1H NMR (500 MHz, CDCl3) 

δ 7.77 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 7.5 Hz, 1H), 7.36-7.27 

(m, 2H), 7.12 (s, 1H), 7.05 (s, 1H), 3.42-3.36 (m, 1H), 3.17 (dd, 

J = 15.0 Hz, 3.0 Hz, 1H), 3.00 (dd, J = 15.0 Hz, 11.0 Hz, 1H), 

2.43 (s, 3H), 2.39 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 2.12 (dd, J = 

15.5 Hz, 5.5 Hz, 1H), 1.73-1.66 (m, 1H), 1.45-1.39 (m, 1H), 

1.17-1.11 (m, 1H), 0.81-0.76 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 197.4, 148.4, 

141.6, 139.8, 139.5, 134.8, 124.5, 124.2, 123.1, 122.8, 122.3, 35.5, 35.4, 33.3, 31.1, 

26.6, 12.9, 8.7. FT-IR: ν (cm-1) 2920, 2359, 1688, 1435, 1296, 1221, 1125, 750. HRMS 

[ESI] calcd for C18H19O3S2 [M+H]+ 347.0770, found 347.0761. 

 

3g: white solid, m.p. 109-110 oC. 1H NMR (500 MHz, CDCl3) 

δ 7.49 (d, J = 7.5 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.25-7.18 

(m, 2H), 7.08 (s, 1H), 6.47 (s, 1H), 3.52-3.46 (m, 1H), 3.06-

2.95 (m, 2H), 2.42 (s, 3H), 2.37 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 

2.16 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 1.71-1.65 (m, 1H), 1.46-

1.40 (m, 1H), 1.22-1.16 (m, 1H), 0.86-0.80 (m, 1H); 13C NMR 

(125 MHz, CDCl3) δ 197.4, 154.9, 154.8, 148.5, 134.7, 128.3, 124.0, 122.9, 120.6, 

111.0, 104.7, 35.5, 33.4, 31.7, 31.1, 26.5, 12.6, 8.9. FT-IR: ν (cm-1) 2924, 2357, 1694, 

1454, 1362, 1298, 1211, 1125. HRMS [ESI] calcd for C18H19O4S [M+H]+ 331.0999, 

found 331.0992. 

 

3h: yellow solid, m.p. 142-143 oC. 1H NMR (500 MHz, CDCl3) δ 

8.64 (d, J = 4.0 Hz, 2H), 7.17-7.13 (m, 1H), 7.02 (s, 1H), 3.68-

3.61 (m, 1H), 3.22 (dd, J = 14.0 Hz, 10.0 Hz, 1H), 3.11-3.05 (m, 

1H), 2.43 (s, 3H), 2.38 (dd, J = 15.0 Hz, 4.5 Hz, 1H), 1.95 (dd, J 

= 15.0 Hz, 5.0 Hz, 1H), 1.64-1.57 (m, 1H), 1.42-1.35 (m, 1H), 

1.30-1.23 (m, 1H), 0.82-0.75 (m, 1H); 13C NMR (125 MHz, CDCl3) 

δ 197.6, 168.0, 157.1, 149.4, 133.9, 119.2, 41.1, 35.5, 33.4, 31.6, 26.6, 12.5, 8.8. FT-
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IR: ν (cm-1) 2922, 2359, 1694, 1564, 1423, 1294, 1213, 1125. HRMS [ESI] calcd for 

C14H17N2O3S [M+H]+ 293.0954, found 293.0944. 

 

3i: yellow solid, m.p. 70-71 oC. 1H NMR (500 MHz, CDCl3) δ 8.49 

(s, 1H), 8.48-8.46 (m, 1H), 8.45-8.43 (m, 1H), 7.09 (s, 1H), 3.50-

3.44 (m, 1H), 3.07-2.96 (m, 2H), 2.45 (s, 3H), 2.34 (dd, J = 15.5 

Hz, 5.0 Hz, 1H), 2.00 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 1.69-1.63 (m, 

1H), 1.45-1.39 (m, 1H), 1.37-1.31 (m, 1H), 0.85-0.79 (m, 1H); 13C 

NMR (125 MHz, CDCl3) δ 197.5, 154.3, 148.6, 145.1, 143.9, 

143.1, 134.7, 36.8, 35.4, 33.9, 31.1, 26.5, 12.8, 8.7. FT-IR: ν (cm-1) 2920, 1688, 1506, 

1456, 1294, 1215, 1125, 1018. HRMS [ESI] calcd for C14H17N2O3S [M+H]+ 293.0954, 

found 293.0960. 

 

3j: yellow solid, m.p. 67-68 oC. 1H NMR (500 MHz, CDCl3) δ 

8.54 (d, J = 4.5 Hz, 2H), 7.15 (d, J = 5.0 Hz, 2H), 7.13 (s, 1H), 

3.37-3.30 (m, 1H), 2.99 (dd, J = 13.5 Hz, 3.0 Hz, 1H), 2.55 (dd, J 

= 13.5 Hz, 11.0 Hz, 1H), 2.44 (s, 3H), 2.24 (dd, J = 15.5 Hz, 5.0 

Hz, 1H), 1.90 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 1.72-1.66 (m, 1H), 

1.44-1.38 (m, 1H), 1.04-0.98 (m, 1H), 0.79-0.72 (m, 1H); 13C 

NMR (125 MHz, CDCl3) δ 197.4, 150.2, 148.5, 147.5, 135.0, 124.1, 37.6, 35.3, 34.4, 

31.2, 26.6, 12.7, 8.9. FT-IR: ν (cm-1) 2922, 1688, 1603, 1506, 1456, 1294, 1213, 1125. 

HRMS [ESI] calcd for C15H18NO3S [M+H]+ 292.1002, found 292.1010. 

 

3k: red solid, m.p. 125-126 oC. 1H NMR (500 MHz, CDCl3) δ 7.65 

(d, J = 3.0 Hz, 1H), 7.24 (d, J = 3.0 Hz, 1H), 7.11 (s, 1H), 3.45-3.39 

(m, 1H), 3.27 (dd, J = 14.5 Hz, 10.0 Hz, 1H), 3.15 (dd, J = 15.0 Hz, 

5.0 Hz, 1H), 2.45 (dd, J = 15.0 Hz, 4.5 Hz, 1H), 2.44 (s, 3H), 2.05 

(dd, J = 15.0 Hz, 5.0 Hz, 1H), 1.68-1.62 (m, 1H), 1.46-1.38 (m, 2H), 

0.85-0.80 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 197.3, 166.6, 

147.8, 142.6, 135.1, 119.3, 35.2, 34.8, 34.7, 30.8, 26.5, 13.2, 8.4. FT-IR: ν (cm-1) 2922, 

2357, 1682, 1504, 1294, 1213, 1125, 1041. HRMS [ESI] calcd for C13H16NO3S2 

[M+H]+ 298.0566, found 298.0558. 

 

3l: white solid, m.p. 116-117 oC. 1H NMR (500 MHz, CDCl3) δ 7.17 

(d, J = 5.0 Hz, 1H), 7.07 (s, 1H), 6.93 (dd, J = 5.0 Hz, 3.5 Hz, 1H), 

6.81 (d, J = 3.5 Hz, 1H), 3.32-3.27 (m, 1H), 3.06 (dd, J = 14.5 Hz, 

3.5 Hz, 1H), 2.96 (dd, J = 14.5 Hz, 11.0 Hz, 1H), 2.40 (s, 3H), 2.33 

(dd, J = 15.5 Hz, 5.0 Hz, 1H), 2.10 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 

1.70-1.64 (m, 1H), 1.44-1.38 (m, 1H), 1.14-1.09 (m, 1H), 0.82-0.77 

(m, 1H); 13C NMR (125 MHz, CDCl3) δ 197.4, 148.7, 140.4, 134.5, 127.1, 126.2, 124.4, 

36.0, 35.4, 32.4, 31.1, 26.6, 12.8, 8.7. FT-IR: ν (cm-1) 2922, 2359, 1694, 1435, 1360, 

1296, 1211, 1125. HRMS [ESI] calcd for C14H17O3S2 [M+H]+ 297.0614, found 

297.0622. 
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3m: brown oil. 1H NMR (500 MHz, CDCl3) δ 7.32-7.30 (m, 1H), 

7.03 (s, 1H), 6.29-6.26 (m, 1H), 6.06-6.04 (m, 1H), 3.37-3.30 (m, 

1H), 2.90-2.79 (m, 2H), 2.38 (s, 3H), 2.33 (dd, J = 15.0 Hz, 5.0 Hz, 

1H), 2.09 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 1.68-1.62 (m, 1H), 1.44-

1.38 (m, 1H), 1.20-1.14 (m, 1H), 0.86-0.80 (m, 1H); 13C NMR (125 

MHz, CDCl3) δ 197.4, 151.9, 148.9, 141.9, 134.3, 110.4, 107.6, 

35.5, 33.8, 31.7, 30.6, 26.6, 12.6, 8.8. FT-IR: ν (cm-1) 2920, 2359, 1688, 1506, 1361, 

1296, 1213, 1125. HRMS [ESI] calcd for C14H17O4S [M+H]+ 281.0842, found 

218.0844. 

 

3n: yellow solid, m.p. 62-63 oC. 1H NMR (500 MHz, CDCl3) δ 

7.33-7.28 (m, 2H), 7.25-7.21 (m, 1H), 7.21-7.18 (m, 2H), 7.06 (s, 

1H), 3.37-3.30 (m, 1H), 2.98 (dd, J = 14.0 Hz, 4.0 Hz, 1H), 2.55 

(dd, J = 14.0 Hz, 11.0 Hz, 1H), 2.40 (s, 3H), 2.25 (dd, J = 15.5 Hz, 

5.0 Hz, 1H), 1.94 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 1.72-1.65 (m, 1H), 

1.43-1.36 (m, 1H), 1.10-1.04 (m, 1H), 0.77-0.72 (m, 1H); 13C 

NMR (125 MHz, CDCl3) δ 197.7, 149.7, 138.3, 133.9, 128.9, 128.8, 126.9, 38.3, 35.4, 

35.4, 31.2, 26.7, 12.8, 8.7. FT-IR: ν (cm-1) 2920, 1690, 1454, 1296, 1267, 1211, 1126, 

743. HRMS [ESI] calcd for C16H19O3S [M+H]+ 291.1049, found 291.1052. 

 

3o: yellow solid, m.p. 141-142 oC. 1H NMR (500 MHz, CDCl3) 

δ 7.13-7.06 (m, 4H), 7.05 (s, 1H), 3.34-3.27 (m, 1H), 2.97-2.90 

(m, 1H), 2.51 (dd, J = 12.5 Hz, 12.5 Hz, 1H), 2.40 (s, 3H), 2.32 

(s, 3H), 2.25 (dd, J = 15.5 Hz, 5.0 Hz, 1H), 1.94 (dd, J = 15.5 

Hz, 5.0 Hz, 1H), 1.70-1.64 (m, 1H), 1.43-1.36 (m, 1H), 1.10-

1.04 (m, 1H), 0.77-0.71 (m, 1H); 13C NMR (125 MHz, CDCl3) 

δ 197.7, 149.8, 136.5, 135.1, 133.7, 129.5, 128.7, 37.8, 35.5, 35.4, 31.1, 26.7, 21.1, 12.8, 

8.7. FT-IR: ν (cm-1) 2922, 1684, 1506, 1456, 1296, 1211, 1126, 922. HRMS [ESI] calcd 

for C17H20NaO3S [M+Na]+ 327.1025, found 327.1030. 

 

3p: white solid, m.p. 92-93 oC. 1H NMR (400 MHz, CDCl3) δ 

7.12-7.07 (m, 2H), 7.03 (s, 1H), 6.86-6.81 (m, 2H), 3.78 (s, 

3H), 3.31-3.23 (m, 1H), 2.91 (dd, J = 13.6 Hz, 4.0 Hz, 1H), 

2.49 (dd, J = 13.6 Hz, 10.8 Hz, 1H), 2.39 (s, 3H), 2.23 (dd, J 

= 15.2 Hz, 5.2 Hz, 1H), 1.95 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 

1.71-1.63 (m, 1H), 1.42-1.35 (m, 1H), 1.09-1.02 (m, 1H), 

0.78-0.70 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 197.7, 158.5, 149.9, 133.7, 130.1, 

129.8, 114.2, 55.3, 37.5, 35.7, 35.5, 31.2, 26.7, 12.8, 8.8. FT-IR: ν (cm-1) 2922, 1695, 

1508, 1456, 1296, 1211, 1125, 1034. HRMS [ESI] calcd for C17H20NaO4S [M+Na]+ 

343.0975, found 343.0984. 
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3q: white solid, m.p. 135-136 oC. 1H NMR (500 MHz, 

CDCl3) δ 7.33-7.30 (m, 2H), 7.14-7.10 (m, 2H), 7.05 (s, 1H), 

3.36-3.29 (m, 1H), 2.93 (dd, J = 13.5 Hz, 3.5 Hz, 1H), 2.54 

(dd, J = 13.5 Hz, 11.0 Hz, 1H), 2.39 (s, 3H), 2.29 (dd, J = 

15.5 Hz, 5.5 Hz, 1H), 1.95 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 

1.72-1.66 (m, 1H), 1.43-1.37 (m, 1H), 1.30 (s, 9H), 1.13-

1.07 (m, 1H), 0.79-0.73 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 197.6, 149.9, 149.8, 

135.1, 133.7, 128.5, 125.7, 37.7, 35.4, 35.4, 34.5, 31.4, 31.1, 26.7, 13.0, 8.6. FT-IR: ν 

(cm-1) 2961, 1694, 1558, 1456, 1362, 1298, 1209, 1126. HRMS [ESI] calcd for 

C20H26NaO3S [M+Na]+ 369.1495, found 369.1485. 

 

3r: white solid, m.p. 163-164 oC. 1H NMR (500 MHz, CDCl3) 

δ 7.27 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 7.07 (s, 

1H), 3.30-3.23 (m, 1H), 2.98-2.91 (m, 1H), 2.51 (dd, J = 12.0 

Hz, 12.0 Hz, 1H), 2.40 (s, 3H), 2.11 (dd, J = 15.5 Hz, 5.5 Hz, 

1H), 1.93 (dd, J = 15.5 Hz, 5.5 Hz, 1H), 1.70-1.63 (m, 1H), 

1.42-1.35 (m, 1H), 1.05-0.99 (m, 1H), 0.77-0.71 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ 197.6, 149.2, 136.8, 134.3, 132.7, 130.2, 129.0, 37.7, 35.4, 

35.3, 31.2, 26.7, 12.7, 8.9. FT-IR: ν (cm-1) 2922, 1694, 1506, 1491, 1456, 1296, 1211, 

1126. HRMS [ESI] calcd for C16H18ClO3S [M+H]+ 325.0660, found 325.0666. 

 

3s: white solid, m.p. 158-159 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.44-7.40 (m, 2H), 7.08 (s, 1H), 7.09-7.05 (m, 2H), 3.31-

3.22 (m, 1H), 2.93 (dd, J = 13.6 Hz, 3.6 Hz, 1H), 2.49 (dd, J 

= 13.6 Hz, 11.2 Hz, 1H), 2.41 (s, 3H), 2.20 (dd, J = 15.2 Hz, 

5.2 Hz, 1H), 1.93 (dd, J = 15.2 Hz, 5.6 Hz, 1H), 1.70-1.63 (m, 

1H), 1.42-1.35 (m, 1H), 1.05-0.98 (m, 1H), 0.78-0.70 (m, 1H); 

13C NMR (100 MHz, CDCl3) δ 197.6, 149.2, 137.3, 134.3, 131.9, 130.5, 120.8, 37.7, 

35.4, 35.2, 31.2, 26.7, 12.7, 8.9. FT-IR: ν (cm-1) 2922, 1688, 1634, 1506, 1456, 1296, 

1211, 1126. HRMS [ESI] calcd for C17H20NaO4S [M+Na]+ 343.0975, found 343.0984. 

 

3t: white solid, m.p. 162-163 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.59 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.13 (s, 

1H), 3.34-3.26 (m, 1H), 3.03 (dd, J = 13.6 Hz, 3.6 Hz, 1H), 

2.60 (dd, J = 13.6 Hz, 11.2 Hz, 1H), 2.41 (s, 3H), 2.20 (dd, J 

= 15.2 Hz, 5.2 Hz, 1H), 1.91 (dd, J = 15.2 Hz, 5.6 Hz, 1H), 

1.71-1.63 (m, 1H), 1.42-1.34 (m, 1H), 1.04-0.96 (m, 1H), 

0.79-0.71 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 197.6, 148.6, 144.0, 134.9, 132.6, 

129.7, 118.6, 110.9, 38.5, 35.4, 35.0, 31.3, 26.6, 12.7, 8.9. FT-IR: ν (cm-1) 2922, 2228, 

1684, 1506, 1456, 1296, 1211, 1125. HRMS [ESI] calcd for C17H18NO3S [M+H]+ 

316.1002, found 316.0993. 
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3u: white solid, m.p. 150-151 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.56 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 

7.11 (s, 1H), 3.37-3.28 (m, 1H), 3.05 (dd, J = 13.6 Hz, 2.4 

Hz, 1H), 2.60 (dd, J = 13.6 Hz, 11.2 Hz, 1H), 2.42 (s, 3H), 

2.21 (dd, J = 15.2 Hz, 5.6 Hz, 1H), 1.94 (dd, J = 15.2 Hz, 5.6 

Hz, 1H), 1.72-1.65 (m, 1H), 1.44-1.36 (m, 1H), 1.07-0.99 (m, 

1H), 0.79-0.71 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 197.6, 148.9, 142.5 (q, JC-F = 

0.9 Hz), 134.6, 129.3 (q, JC-F = 32.5 Hz), 129.2, 125.8 (q, JC-F = 3.8 Hz), 124.1 (q, JC-F 

= 270.3 Hz), 38.1, 35.4, 35.1, 31.2, 26.6, 12.7, 8.9; 19F NMR (376 MHz, CDCl3) δ -

62.5 (s). FT-IR: ν (cm-1) 2922, 2359, 1688, 1506, 1456, 1327, 1298, 1126. HRMS [ESI] 

calcd for C17H17F3NaO3S [M+Na]+ 381.0743, found 381.0737. 

 

3v: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.72 (d, 

J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.11 (s, 1H), 

3.35-3.26 (m, 1H), 3.09-3.00 (m, 5H), 2.60 (dd, J = 

13.6 Hz, 11.2 Hz, 1H), 2.41 (s, 3H), 2.18 (dd, J = 15.2 

Hz, 5.6 Hz, 1H), 1.91 (dd, J = 15.2 Hz, 5.6 Hz, 1H), 

1.71-1.62 (m, 1H), 1.58-1.46 (m, 4H), 1.42-1.34 (m, 

1H), 1.04-0.97 (m, 1H), 0.84 (t, J = 7.2 Hz, 6H), 0.77-0.70 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 197.6, 148.8, 143.1, 139.0, 134.7, 129.4, 127.6, 49.9, 38.2, 35.4, 35.1, 

31.3, 26.6, 22.0, 12.6, 11.2, 8.9. FT-IR: ν (cm-1) 2967, 2876, 1686, 1506, 1373, 1298, 

1155, 1126. HRMS [ESI] calcd for C22H32NO5S2 [M+H]+ 454.1716, found 454.1723. 

 

3w: white solid, m.p. 76-77 oC. 1H NMR (400 MHz, CDCl3) δ 

7.22-7.16 (m, 1H), 7.07-6.96 (m, 4H), 3.37-3.28 (m, 1H), 2.95 (dd, 

J = 13.6 Hz, 3.2 Hz, 1H), 2.50 (dd, J = 12.8 Hz, 11.6 Hz, 1H), 2.40 

(s, 3H), 2.33 (s, 3H), 2.25 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 1.96 (dd, 

J = 15.2 Hz, 5.2 Hz, 1H), 1.72-1.64 (m, 1H), 1.44-1.36 (m, 1H), 

1.12-1.04 (m, 1H), 0.79-0.71 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 197.7, 149.8, 138.5, 138.1, 133.8, 129.5, 128.7, 127.6, 125.9, 38.3, 35.5, 35.4, 31.2, 

26.7, 21.4, 12.8, 8.8. FT-IR: ν (cm-1) 2922, 1694, 1609, 1506, 1456, 1296, 1211, 1126. 

HRMS [ESI] calcd for C17H20NaO3S [M+Na]+ 327.1025, found 327.1030. 

 

3x: white solid, m.p. 61-62 oC. 1H NMR (400 MHz, CDCl3) δ 

7.39-7.33 (m, 2H), 7.21-7.11 (m, 2H), 7.08 (s, 1H), 3.33-3.25 (m, 

1H), 2.97 (dd, J = 13.6 Hz, 3.6 Hz, 1H), 2.51 (dd, J = 13.6 Hz, 

10.8 Hz, 1H), 2.41 (s, 3H), 2.24 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 

1.95 (dd, J = 15.2 Hz, 5.6 Hz, 1H), 1.72-1.65 (m, 1H), 1.44-1.36 

(m, 1H), 1.07-1.00 (m, 1H), 0.80-0.73 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 192.8, 144.3, 135.9, 129.7, 127.0, 125.6, 125.4, 122.8, 118.1, 33.3, 30.7, 

30.5, 26.5, 21.9, 8.0, 4.1. FT-IR: ν (cm-1) 2920, 1684, 1506, 1473, 1361, 1296, 1211, 

1125. HRMS [ESI] calcd for C16H18BrO3S [M+H]+ 369.0155, found 369.0163. 
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3y: white solid, m.p. 69-70 oC. 1H NMR (400 MHz, CDCl3) δ 7.36-

7.32 (m, 1H), 7.25-7.14 (m, 3H), 7.01 (s, 1H), 3.54-3.46 (m, 1H), 

3.03 (dd, J = 13.6 Hz, 5.6 Hz, 1H), 2.87 (dd, J = 13.6 Hz, 5.6 Hz, 

1H), 2.32 (s, 3H), 2.21 (dd, J = 15.2 Hz, 5.6 Hz, 1H), 2.09 (dd, J 

= 15.2 Hz, 6.0 Hz, 1H), 1.70-1.62 (m, 1H), 1.43-1.36 (m, 1H), 

1.12-1.05 (m, 1H), 0.81-0.74 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 197.6, 150.1, 135.7, 134.3, 133.5, 130.8, 130.0, 128.4, 127.1, 36.3, 35.6, 34.0, 32.4, 

26.7, 12.4, 9.1. FT-IR: ν (cm-1) 2924, 1694, 1633, 1506, 1473, 1296, 1211, 1125. 

HRMS [ESI] calcd for C16H18ClO3S [M+H]+ 325.0660, found 325.0652. 

 

3z: white solid, m.p. 133-134 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.99-7.95 (m, 1H), 7.88-7.84 (m, 1H), 7.51-7.45 (m, 1H), 

7.42-7.36 (m, 1H), 7.04 (s, 1H), 3.54-3.43 (m, 2H), 3.31 (dd, 

J = 14.8 Hz, 4.0 Hz, 1H), 3.23-3.16 (m, 2H), 2.50-2.42 (m, 1H), 

2.45 (s, 3H), 2.42-2.36 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 196.8, 167.0, 153.1, 147.2, 135.4, 135.3, 126.3, 125.4, 122.9, 

121.7, 46.7, 35.2, 32.5, 26.2, 23.9. FT-IR: ν (cm-1) 2922, 1688, 1514, 1435, 1358, 1296, 

1215, 1126. HRMS [ESI] calcd for C15H16NO3S2 [M+H]+ 322.0566, found 322.0572. 

 

3aa: yellow solid, m.p. 75-76 oC. 1H NMR (400 MHz, CDCl3) δ 

9.57 (s, 1H), 7.35-7.30 (m, 2H), 7.25-7.19 (m, 3H), 7.13 (s, 1H), 

3.23-3.15 (m, 2H), 2.55 (dd, J = 14.0 Hz, 12.0 Hz, 1H), 2.29 (dd, 

J = 15.6 Hz, 5.2 Hz, 1H), 1.95 (dd, J = 15.6 Hz, 4.8 Hz, 1H), 1.75-

1.67 (m, 1H), 1.46-1.38 (m, 1H), 1.13-1.07 (m, 1H), 0.79-0.72 (m, 

1H); 13C NMR (125 MHz, CDCl3) δ 191.2, 148.9, 142.0, 138.1, 

128.9, 128.8, 127.0, 37.7, 36.1, 34.3, 31.0, 12.8, 8.7. FT-IR: ν (cm-1) 2922, 1697, 1558, 

1456, 1417, 1361, 1298, 1138. HRMS [ESI] calcd for C15H17O3S [M+H]+ 277.0893, 

found 277.0895. 

 

5a: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.25-7.15 (m, 3H), 7.10-

7.06 (m, 1H), 6.29 (s, 1H), 3.21-3.13 (m, 1H), 3.08-3.01 (m, 1H), 

3.00-2.86 (m, 4H), 2.67-2.54 (m, 2H), 2.26-2.18 (m, 1H), 1.65-1.58 

(m, 1H), 1.47-1.40 (m, 1H), 1.05-0.98 (m, 1H), 0.97-0.90 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ 204.6, 154.2, 138.3, 135.4, 131.4, 130.1, 

128.3, 127.6, 125.1, 46.0, 38.4, 37.8, 36.4, 34.4, 29.8, 10.6, 10.4. FT-

IR: ν (cm-1) 2920, 2849, 1697, 1558, 1456, 1294, 1230, 1120. HRMS 

[ESI] calcd for C17H19O3S [M+H]+ 303.1049, found 303.1042. 

 

5b: white solid, m.p. 172-173 oC. 1H NMR (500 MHz, CDCl3) δ 

7.21-7.17 (m, 2H), 7.13-7.07 (m, 2H), 6.42 (s, 1H), 3.28-3.19 (m, 

1H), 2.90-2.76 (m, 4H), 2.75-2.68 (m, 1H), 2.51-2.39 (m, 2H), 

2.33-2.24 (m, 1H), 2.16-2.04 (m, 2H), 1.66 (dd, J = 10.5 Hz, 5.0 

Hz, 1H), 1.45-1.39 (m, 1H), 1.07-0.96 (m, 2H); 13C NMR (125 

MHz, CDCl3) δ 204.3, 153.0, 131.7, 130.7, 129.6, 128.5, 127.8, 
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127.3, 125.2, 38.2, 37.1, 36.9, 30.0, 18.9, 12.8, 12.6, 11.0, 9.9. FT-IR: ν (cm-1) 2920, 

1694, 1633, 1506, 1418, 1294, 1142, 1121. HRMS [ESI] calcd for C18H21O3S [M+H]+ 

317.1206, found 317.1196. 

 

5c: yellow solid, m.p. 203-204 oC. 1H NMR (400 MHz, 

CDCl3) δ 7.79-7.75 (m, 1H), 7.64-7.60 (m, 1H), 7.38-7.30 (m, 

2H), 6.39 (s, 1H), 3.50-3.42 (m, 1H), 3.40-3.30 (m, 1H), 3.29-

3.11 (m, 1H), 2.92-2.84 (m, 2H), 2.83-2.73 (m, 1H), 2.45-2.34 

(m, 2H), 2.32-2.18 (m, 2H), 1.99-1.85 (m, 1H), 1.67-1.59 (m, 

1H), 1.45-1.38 (m, 1H), 1.05-0.95 (m, 2H); 13C NMR (125 

MHz, CDCl3) δ 204.6, 152.7, 139.1, 135.7, 131.9, 128.4, 124.8, 124.4, 122.6, 121.7, 

38.2, 37.7, 37.2, 34.9, 30.7, 24.5, 22.9, 11.4, 9.6. FT-IR: ν (cm-1) 2924, 2359, 1695, 

1506, 1456, 1296, 1202, 1121. HRMS [ESI] calcd for C20H21O3S2 [M+H]+ 373.0927, 

found 373.0922. 

 

5d: white solid, m.p. 176-177 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.45-7.40 (m, 2H), 7.31-7.26 (m, 1H), 7.24-7.29 (m, 1H), 

6.37 (d, J = 1.6 Hz, 1H), 3.49-3.41 (m, 1H), 3.25-3.12 (m, 2H), 

2.78-2.65 (m, 3H), 2.58-2.49 (m, 1H), 2.42-2.26 (m, 2H), 

2.23-2.13 (m, 1H), 1.95 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 1.65-

1.58 (m, 1H), 1.45-1.39 (m, 1H), 1.04-0.97 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 204.8, 154.6, 153.0, 150.8, 128.3, 128.2, 124.7, 122.6, 119.1, 

115.6, 111.3, 38.3, 37.4, 37.2, 34.9, 29.0, 24.6, 20.1, 11.4, 9.6. FT-IR: ν (cm-1) 2926, 

1695, 1616, 1506, 1456, 1296, 1123, 1032. HRMS [ESI] calcd for C20H21O4S [M+H]+ 

357.1155, found 357.1153. 

 

5e: yellow solid, m.p. 157-158 oC. 1H NMR (500 MHz, CDCl3) δ 

7.18 (d, J = 5.5 Hz, 1H), 6.73 (d, J = 5.5 Hz, 1H), 6.40 (d, J = 1.5 

Hz, 1H), 3.39-3.32 (m, 1H), 3.30-3.22 (m, 1H), 3.16-3.02 (m, 1H), 

2.73-2.57 (m, 3H), 2.50-2.37 (m, 2H), 2.23-2.15 (m, 1H), 2.12-

2.02 (m, 1H), 1.94-1.86 (m, 1H), 1.64-1.58 (m, 1H), 1.43-1.38 (m, 

1H), 1.03-0.94 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 204.3, 

152.9, 138.0, 134.4, 128.9, 128.3, 125.1, 39.0, 37.9, 37.0, 34.9, 30.1, 26.0, 24.9, 11.3, 

9.6. FT-IR: ν (cm-1) 2920, 2849, 1696, 1506, 1456, 1296, 1152, 1123. HRMS [ESI] 

calcd for C16H19O3S2 [M+H]+ 323.0770, found 323.0768. 

 

5f: yellow solid, m.p. 145-146 oC. 1H NMR (400 MHz, CDCl3) δ 

8.66 (s, 1H), 6.43 (d, J = 1.6 Hz, 1H), 3.42-3.34 (m, 1H), 3.31-

3.24 (m, 1H), 3.02-2.92 (m, 1H), 2.86-2.76 (m, 2H), 2.75-2.68 (m, 

1H), 2.47-2.40 (m, 2H), 2.31-2.23 (m, 1H), 2.22-2.14 (m, 1H), 

1.93-1.86 (m, 1H), 1.63-1.57 (m, 1H), 1.41-1.36 (m, 1H), 1.01-

0.93 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 204.6, 152.9, 152.4, 

152.2, 129.0, 128.4, 38.2, 37.8, 36.8, 34.4, 28.6, 25.5, 25.0, 11.3, 9.6. FT-IR: ν (cm-1) 
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2926, 2855, 1689, 1603, 1454, 1346, 1152, 1072. HRMS [ESI] calcd for C15H18NO3S2 

[M+H]+ 324.0723, found 324.0724. 

 

5g: yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.44 (dd, J = 4.8 

Hz, 1.6 Hz, 1H), 7.40 (dd, J = 7.6 Hz, 1.2 Hz, 1H), 7.12 (dd, J = 

7.6 Hz, 4.8 Hz, 1H), 6.38 (d, J = 1.6 Hz, 1H), 3.41-3.32 (m, 1H), 

3.15-2.65 (m, 5H), 2.57-2.48 (m, 1H), 2.41-2.22 (m, 2H), 2.14-

1.98 (m, 2H), 1.60-1.54 (m, 1H), 1.42-1.36 (m, 1H), 1.05-0.95 (m, 

2H); 13C NMR (100 MHz, CDCl3) δ 204.6, 156.8, 153.3, 148.3, 

138.5, 134.1, 127.4, 122.7, 38.7, 38.6, 37.3, 35.9, 30.2, 25.7, 22.7, 11.4, 9.4. FT-IR: ν 

(cm-1) 2924, 2865, 1701, 1574, 1454, 1296, 1197, 1123. HRMS [ESI] calcd for 

C17H20NO3S [M+H]+ 318.1158, found 318.1164. 

 

5h: yellow solid, m.p. 164-165 oC. 1H NMR (400 MHz, CDCl3) δ 

8.08-8.04 (m, 1H), 7.67-7.62 (m, 1H), 7.53-7.48 (m, 1H), 7.44-7.41 

(m, 2H), 7.39-7.35 (m, 1H), 7.27-7.22 (m, 2H), 6.37 (s, 1H), 3.27-

3.15 (m, 2H), 3.07 (dd, J = 14.8 Hz, 9.6 Hz, 1H), 2.58-2.52 (m, 1H), 

1.78 (dd, J = 14.8 Hz, 5.6 Hz, 1H), 1.59-1.54 (m, 1H), 1.42-1.36 (m, 

1H), 0.99-0.89 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 194.7, 152.4, 

141.6, 139.6, 135.7, 133.9, 133.0, 130.8, 130.1, 130.1, 129.5, 128.5, 

128.2, 127.9, 38.1, 36.6, 35.7, 33.0, 11.2, 9.3. FT-IR: ν (cm-1) 2924, 2357, 1694, 1591, 

1477, 1296, 1231, 1123. HRMS [ESI] calcd for C21H19O3S [M+H]+ 351.1049, found 

351.1052. 

 

5i: yellow solid, m.p. 164-165 oC. 1H NMR (500 MHz, CDCl3) δ 

7.27-7.22 (m, 1H), 7.04-7.01 (m, 2H), 6.95-6.92 (m, 1H), 6.58 (s, 

1H), 4.74-4.69 (m, 1H), 4.22-4.15 (m, 1H), 3.46 (dd, J = 14.0 Hz, 

4.0 Hz, 1H), 3.43-3.36 (m, 1H), 3.10-3.03 (m, 2H), 2.81 (dd, J = 

15.0 Hz, 11.0 Hz, 1H), 2.31 (dd, J = 14.0 Hz, 4.0 Hz, 1H), 1.63 

(dd, J = 15.0 Hz, 5.0 Hz, 1H), 1.54-1.49 (m, 1H), 1.38-1.33 (m, 

1H), 0.98-0.89 (m, 2H); 13C NMR (125 MHz, CDCl3) δ 200.5, 158.3, 150.8, 132.3, 

129.9, 129.1, 127.6, 123.5, 118.9, 69.7, 40.8, 36.9, 35.9, 32.4, 32.1, 11.6, 8.9. FT-IR: ν 

(cm-1) 2924, 1699, 1506, 1489, 1456, 1296, 1248, 1124. HRMS [ESI] calcd for 

C17H19O4S [M+H]+ 319.0999, found 319.1007. 

 

5j: yellow solid, m.p. 174-175 oC. 1H NMR (400 MHz, CDCl3) δ 

7.59-7.54 (m, 1H), 7.34-7.28 (m, 1H), 7.25-7.16 (m, 2H), 6.59 (s, 

1H), 3.39-3.31 (m, 1H), 3.30-3.05 (m, 5H), 2.69-2.58 (m, 2H), 

2.34-2.22 (m, 1H), 1.68-1.60 (m, 1H), 1.45-1.37 (m, 1H), 1.10-

1,03 (m, 1H), 0.98-0.92 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 

201.6, 152.2, 143.1, 137.6, 134.4, 130.7, 129.8, 128.5, 55.2, 39.9, 

38.2, 37.7, 36.4, 34.4, 10.7, 10.3. FT-IR: ν (cm-1) 2920, 2849, 1697, 1506, 1456, 1296, 

1219, 1121. HRMS [ESI] calcd for C17H19O3S2 [M+H]+ 335.0770, found 335.0764. 
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5k: yellow solid, m.p. 164-165 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.62-7.55 (m, 1H), 7.47-7.42 (m, 1H), 7.40-7.35 (m, 1H), 7.29-

7.23 (m, 1H), 7.15-7.09 (m, 2H), 7.06-7.00 (m, 1H), 6.71-6.64 

(m, 1H), 6.23 (s, 1H), 3.68-3.55 (m, 1H), 3.27-3.19 (m, 1H), 3.00-

2.87 (m, 1H), 2.76-2.68 (m, 1H), 2.01-1.92 (m, 1H), 1.82-1.74 

(m, 1H), 1.55-1.47 (m, 1H), 1.20-1.12 (m, 1H), 0.93-0.85 (m, 1H); 

13C NMR (125 MHz, CDCl3) δ 195.2, 158.7, 158.6, 158.3, 155.2, 

133.7, 131.3, 129.7, 129.3, 129.2, 126.8, 125.2, 124.9, 123.0, 121.0, 38.6, 37.9, 36.0, 

35.8, 14.1, 8.4. FT-IR: ν (cm-1) 2922, 2850, 1695, 1636, 1456, 1296, 1227, 1126. 

HRMS [ESI] calcd for C21H19O4S [M+H]+ 367.0999, found 367.0992. 

 

5l: yellow solid, m.p. 156-157 oC. 1H NMR (400 MHz, CDCl3) δ 

7.69-7.65 (m, 1H), 7.49-7.43 (m, 1H), 7.35-7.27 (m, 2H), 7.27-

7.17 (m, 3H), 7.11-7.05 (m, 1H), 6.31 (s, 1H), 4.15-4.06 (m, 1H), 

3.45-3.36 (m, 1H), 3.04 (dd, J = 15.2 Hz, 4.4 Hz, 1H), 2.74-2.68 

(m, 1H), 2.06-1.99 (m, 1H), 1.86-1.78 (m, 1H), 1.54-1.46 (m, 1H), 

1.24-1.18 (m, 1H), 0.95-0.87 (m, 1H); 13C NMR (125 MHz, 

CDCl3) δ 196.1, 152.6, 142.3, 139.5, 139.4, 136.7, 135.4, 133.0, 

131.8, 130.3, 130.3, 130.2, 128.9, 127.8, 127.7, 40.4, 38.0, 35.7, 35.4, 13.8, 8.2. FT-IR: 

ν (cm-1) 2924, 2850, 1695, 1506, 1456, 1296, 1224, 1126. HRMS [ESI] calcd for 

C21H19O3S2 [M+H]+ 383.0770, found 383.0763. 

 

5m: white solid, m.p. 157-158 oC. 1H NMR (400 MHz, CDCl3) δ 

8.31 (d, J = 8.0 Hz, 1H), 7.77-7.70 (m, 1H), 7.66-7.60 (m, 1H), 

7.58-7.48 (m, 2H), 7.35-7.28 (m, 3H), 6.40 (s, 1H), 4.93-4.84 (m, 

1H), 3.52-3.42 (m, 1H), 3.16 (dd, J = 15.2 Hz, 5.2 Hz, 1H), 2.73 

(dd, J = 12.4 Hz, 3.6 Hz, 1H), 1.94 (dd, J = 15.2 Hz, 2.4 Hz, 1H), 

1.89-1.82 (m, 1H), 1.55-1.48 (m, 1H), 1.28-1.21 (m, 1H), 0.96-

0.89 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 195.2, 150.5, 141.6, 

140.0, 138.4, 136.8, 135.2, 133.8, 133.1, 133.0, 131.9, 131.5, 129.2, 129.1, 126.3, 38.0, 

37.5, 35.2, 34.9, 14.4, 7.8. FT-IR: ν (cm-1) 2920, 2851, 1682, 1516, 1436, 1298, 1264, 

1126. HRMS [ESI] calcd for C21H19O5S2 [M+H]+ 415.0668 found 415.0666. 

 

5. Mechanistic studies 

a) Radical trapping experiments 

 

Propargyl alcohol 1a (0.2 mmol, 40.7 mg), Na2HPO4 (0.2 mmol, 28.4 mg), TEMPO 



20 
 

(0.6 mmol, 93.8 mg), and fac-Ir(ppy)3 (3 mol %, 4.0 mg) were loaded in a reaction vial 

which was subjected to evacuation/ flushing with N2 three times. Then 

allylcyclopropane sulfonyl chloride 2a (0.3 mmol, 55.9 mg) in CH3CN (2 mL) and H2O 

(0.2 mL) were added to the mixture via syringe. The reaction was irradiated with 12 W 

blue LEDs. No desired product 3a was detected by TLC. 

 

Propargyl alcohol 1a (0.2 mmol, 40.7 mg), Na2HPO4 (0.2 mmol, 28.4 mg), BHT (0.4 

mmol, 88.1 mg), and fac-Ir(ppy)3 (3 mol %, 4 mg) were loaded in a reaction vial which 

was subjected to evacuation/ flushing with N2 three times. Then allylcyclopropane 

sulfonyl chloride 2a (0.3 mmol, 55.9 mg) in CH3CN (2 mL) and H2O (0.2 mL) were 

added to the mixture via syringe. The reaction was irradiated with 12 W blue LEDs. 

After reaction completion, the reaction mixture was concentrated in vacuo. Purification 

the residue by flash column chromatography on silica gel afforded the desired product 

3a in a 16% yield, radical trapping adducts 6 in a 30% yield and 7 in a 40% yield. 

6: yellow solid, m.p. 64-65 oC. 1H NMR (500 MHz, CDCl3) 

δ 7.17 (s, 2H), 5.75-5.65 (m, 1H), 5.31 (s, 1H), 5.17-5.09 

(m, 2H), 4.21 (s, 2H), 2.61 (d, J = 7.5 Hz, 2H), 1.44 (s, 

18H), 1.18-1.14 (m, 2H), 0.75-0.71 (m, 2H); 13C NMR 

(125 MHz, CDCl3) δ 154.4, 136.3, 132.6, 127.7, 119.4, 

118.7, 58.1, 37.8, 34.9, 34.3, 30.3, 9.2. FT-IR: ν (cm-1) 3320, 2967, 2868, 1634, 1471, 

1417, 1236, 1109. HRMS [ESI] calcd for C21H32NaO3S [M+Na]+ 387.1964, found 

387.1968. 

 

7: white solid, m.p. 115-116 oC. 1H NMR (500 MHz, CDCl3) 

δ 6.74 (s, 2H), 5.53-5.42 (m, 1H), 5.02 (d, J = 10.0 Hz, 1H), 

4.90 (d, J = 17.0 Hz, 1H), 2.48 (d, J = 7.0 Hz, 2H), 1.65 (s, 

3H), 1.34-1.31 (m, 2H), 1.25 (s, 18H), 0.77-0.73 (m, 2H); 13C 

NMR (125 MHz, CDCl3) δ 184.6, 149.5, 136.9, 131.4, 119.7, 

66.8, 39.5, 35.4, 34.7, 29.1, 21.0, 10.0. FT-IR: ν (cm-1) 2961, 2869, 1634, 1417, 1305, 

1294, 1246, 1132. HRMS [ESI] calcd for C21H33O3S [M+H]+ 365.2145, found 

365.2147. 

 



21 
 

 

Propargyl alcohol 1a (0.2 mmol, 40.7 mg), Na2HPO4 (0.2 mmol, 28.4 mg), and fac-

Ir(ppy)3 (3 mol %, 4 mg) were loaded in a reaction vial which was subjected to 

evacuation/ flushing with N2 three times. Then allylcyclopropane sulfonyl chloride 2a 

(0.3 mmol, 55.9 mg) in CH3CN (2 mL), 1,1-diphenylethylene (0.4 mmol, 72.1 mg), and 

H2O (0.2 mL) were added to the mixture via syringe. The reaction was irradiated with 

12 W blue LEDs. No desired product 3a was detected by TLC. The reaction mixture 

was concentrated in vacuo. Purification the residue by flash column chromatography 

on silica gel afforded the radical trapping adduct 8 in a 96% yield. 

8: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.43-7.31 (m, 8H), 

7.29-7.24 (m, 2H), 6.77 (s, 1H), 5.81-5.69 (m, 1H), 5.17-5.10 (m, 

2H), 2.68 (d, J = 7.2 Hz, 2H), 1.23-1.19 (m, 2H), 0.78-0.74 (m, 

2H); 13C NMR (100 MHz, CDCl3) δ 155.5, 139.8, 136.1, 132.9, 

130.2, 129.9, 129.2, 128.7, 128.3, 127.8, 124.9, 119.2, 40.9, 34.9, 9.9. FT-IR: ν (cm-1) 

3059, 2920, 1607, 1489, 1445, 1301, 1123, 923. HRMS [ESI] calcd for C20H21O3S 

[M+H]+ 325.1257, found 325.1252. 

b)  Quantum yield measurements 

Determination of the light intensity at 456 nm 

The photon flux of the kessil light (40 W, λ max = 456 nm) was determined by standard 

ferrioxalate actinometry following a modified literature procedure of Yoon1 and 

Glorius2. A 0.15 M solution of ferrioxalate was prepared by dissolving potassium 

ferrioxalate hydrate (0.737 g) in H2SO4 (10 mL of a 0.05 M solution). A buffered 

solution of 1,10-phenanthroline was prepared by dissolving 1,10-phenanthroline (5.0 

mg) and sodium acetate (1.13 g) in H2SO4 (5.0 mL of a 0.5 M solution). Both solutions 

were stored in the dark. To determine the photon flux of the LED, the ferrioxalate 

solution (3.0 mL) was placed in a cuvette and irradiated for 60 seconds at λmax = 456 

nm. After irradiation, the phenanthroline solution (0.525 mL) was added to the cuvette 

and the mixture was allowed to stir in the dark for 1 h to allow the ferrous ions to 

completely coordinate to the phenanthroline. The absorbance of the solution was 

measured at 510 nm. The same procedure was repeated two more times. A nonirradiated 

sample was also prepared and the absorbance at 510 nm was measured. The average of 

the absorption of the irradiated and non-irradiated samples was determined and used to 

calculate the generated amount of Fe(II) according to the Lambert-Beer law (equation 

1), 

mol Fe2+ = (V × ∆A510nm)/ (l× ε)            (1) 
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where V is the total volume (3.525*10–3 L), ∆𝐴510nm the difference between 

absorbance of irradiated samples and the non-irradiated (control) ones (at λ = 510 nm), 

l is the path length of the cuvette (1.0 cm), and 𝜀 is the molar attenuation coefficient of 

the ferrioxalate actinometer λ = 510 nm (11100 L∙ mol–1∙cm–1)3. The photonflux can be 

calculated using equation 2, 

photo flux = mol Fe2+/ (ΦF × t × f)            (2) 

where Ф is the quantum yield of the ferrioxalate actinometer (1.11 at λ = 436 nm)4 and 

t is the irradiation time (60 s). The fraction of light absorbed at λ = 456 nm by the 

actinometer (f) is calculated by using equation 3. 𝐴456nm is the absorbance of the 

ferrioxalate solution at λ = 456 nm. 

f = 1 − 10−A456 nm                          (3) 

The absorbance (𝐴456nm) of the ferrioxalate solution was measured to be > 3 indicating 

that > 99.9% of the photons are absorbed (f > 0.999). The photon flux was therefore 

calculated to be 5.3*10–9 einstein s–1 as an average of three experiments. 

Determination of the quantum yield 

 

The reaction mixture was stirred and irradiated by blue LED (λmax = 456 nm) for 3600 

s. The yield of product was determined by 1H NMR analysis using toluene as an internal 

standard. The yield of 3a was determined to be 15.5% (0.0155 × 10-3 mol of 3a). The 

reaction quantum yield (Φ) was determined using equation 4 where the photon flux is 

5.3 × 10-9 einsteins s -1 (determined by actinometry as described above), t is the reaction 

time (3600 s) and f is the fraction of incident light absorbed by the catalyst, determined 

using (equation 3). 

Quantum Yield = moles of product formed/ (flux × f × t)    (4) 

           = 0.0155 × 10-3 /(5.3 × 10-9 × 1 × 3600) = 0.81 

Conclusion: Although the light on/off experiments showed that the product formation 

occurred only during the periods of constant light irradiation. Typical lifetime of radical 

chain process can be on the second or sub-second timescale, which means chain 

processes can terminate faster than the timescale of the analytical measurement used. 

The quantum yield measurement (Φ < 1) indicated that the reaction mainly proceeded 

via a photocatalytic pathway, but the contribution of radical chain process could not be 

ruled out. 
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6. 1H, 13C, and 19F NMR spectra 

 

 

 



24 
 

 

 

 

 



25 
 

 

 

 

 



26 
 

 

 

 

 



27 
 

 

 

 

 



28 
 

 

 

 

 



29 
 

 

 

 

 



30 
 

 

 

 

 



31 
 

 

 

 

 



32 
 

 

 

 

 



33 
 

 

 

 

 



34 
 

 

 

 

 



35 
 

 

 

 

 



36 
 

 

 

 

 



37 
 

 

 

 

 



38 
 

 

 

 

 



39 
 

 

 

 

 



40 
 

 

 

 

 



41 
 

 

 

 

 



42 
 

 

 

 

 



43 
 

 

 

 

 



44 
 

 

 

 

 



45 
 

 

 

 

 



46 
 

 

 

 

 



47 
 

 

 

 

 



48 
 

 

 

 

 



49 
 

 

 

 

 



50 
 

 

 

 

 



51 
 

 

 

 

 



52 
 

 

 

 

 



53 
 

 

 

 

 



54 
 

 

 

 

 



55 
 

 

 

 

 



56 
 

 

 

 

 



57 
 

 

 

 

 



58 
 

 

 

 

 



59 
 

 

 

 

 



60 
 

 

 

 



61 
 

 

 

 

 

 



62 
 

 

 

 

 



63 
 

 

 

 

 



64 
 

 

 

 

 



65 
 

 

 

 

 



66 
 

 

 

 

 



67 
 

 

 

 

 



68 
 

 

 

 

 



69 
 

 

 

 

 



70 
 

 

 

 

 



71 
 

 

 

 

 



72 
 

 

 

 

 



73 
 

 

 

 

 



74 
 

 

 

 

 



75 
 

 

 

 

 



76 
 

 

 

 

 

 



77 
 

 

 

 

 



78 
 

 

 

 

 



79 
 

 

 

 

 



80 
 

 

 

 

 



81 
 

 

 

 

 



82 
 

 

 

 

 



83 
 

 

 

 

 



84 
 

 

 

 

 



85 
 

 

 

 

 



86 
 

 

 

 

 



87 
 

 

 

 

 



88 
 

 

 

 

 



89 
 

 

 

 

 



90 
 

 

 

 

 



91 
 

 

 

 

 



92 
 

 

 

 

 



93 
 

 

 

 

 



94 
 

 

 

 

 



95 
 

 

 

 

 

 



96 
 

 

 

 

 



97 
 

 

 

 

 



98 
 

 

 

 

 



99 
 

 

 

 

 



100 
 

 

 

 



101 
 

 

 

 

 



102 
 

 

 

 

 



103 
 

 

 

 

 



104 
 

 

 

 

 

 


