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1. General considerations

All reactions were carried out under air. 1H NMR and 13C NMR 

spectra were measured on a Bruker Avance NMR spectrometer (400 

MHz or 100 MHz, respectively) in CDCl3 as solvent and recorded in ppm 

relative to internal standard tetramethylsilane. 1H NMR data are reported 

as follows: δ, chemical shift; coupling constants (J are given in Hertz, Hz) 

and integration. Abbreviations to denote the multiplicity of a particular 

signal were s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), 

and br (broad singlet). High resolution mass spectroscopic data of the 

products were collected on an Agilent Technologies 6540 UHD 

Accurate-Mass Q-TOF LC/MS using ESI.

2. Preparation of the starting materials

All of the starting materials, phenyl 3-phenylpropiolates were 

synthesized according to the literature (C. E. Song, D. Jung, S. Y. 

Choung, E. J. Roh and S. Lee, Angew. Chem. Int. Ed., 2004, 43, 6183).
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Typical procedure for the synthesis of phenyl 3-phenylpropiolate: 

Me3N·HCl (258 mg, 2.7 mmol) was added to a stirred solution of 
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phenylpropiolic acid (204.6 mg, 1.4 mmol), phenol (131.6 mg, 1.4 mmol), 

Et3N (414.9 mg, 4.1 mmol), and DMAP (12.2 mg, 0.10 mmol) in CH3CN 

(1.0 mL) at 05 oC under an nitrogen atmosphere, and the mixture was 

stirred for 10 min. Me2NSO2Cl (387.7 mg, 2.7 mmol) in CH3CN (1.0 mL) 

was added to the mixture at 05 oC, and the mixture was stirred at that 

temperature for 3 h. The reaction was quenched with water and extracted 

with ethyl acetate. The combined organic extracts were dried over 

Na2SO4 and concentrated under reduced pressure. The residue was 

purified by flash chromatography on silica gel (eluant: petroleum 

ether/ethyl acetate = 5:1 to 7:1, V/V) to obtain the phenyl 3-

phenylpropiolate as a colorless liquid.

3. Typical procedure for the synthesis of 3-sulfonated coumarin

To a reaction tube equipped with a magnetic stir bar was charged 

with phenyl 3-phenylpropiolate (1a, 0.30 mmol), 4-

methylbenzenesulfinic acid (2a, 0.60 mmol), Eosin Y (19.4 mg, 1 mol%), 

TBHP (38.6 mg, 0.30 mmol), and CH3CN/H2O (1:1, 1.5 mL). The 

solution was stirred at room temperature with the irradiation of a 18 W 

fluorescent lamp for 12 h. After the reaction was completed, the resulting 

mixture was extracted with ethyl acetate (5.0 mL×3). The combined 

organic extracts were dried over MgSO4 and concentrated under reduced 

pressure. The residue was purified by flash chromatography on silica gel 

(eluant: petroleum ether/ethyl acetate = 5:1 to 7:1, V/V) to obtain the 
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desired pure product.

4. The effects of solvent on the reaction (Table S1)

The further optimization of solvent was carried out under above 

reaction conditions. The results are listed in Table S1 (Supporting 

Information). When the reaction was carried out in MeCN, DMF or THF, 

no desired product 3a was detected (Table S1, entries 1−3). When the 

reaction was charged in H2O and ethanol, 28% and 9% yields of 3a were 

isolated, respectively (Table S1, entries 4 and 5). It was notable that the 

mixture of solvent could affect the reaction process. The investigation 

revealed that MeCN/H2O (1:1) was the best reaction medium (Table S1, 

entries 6−11). Therefore, the optimized conditions were involved in Eosin 

Y (1 mol%), TBHP (1.0 equiv) in MeCN/H2O (1:1) under 18 W 

fluorescent lamp for 12 h.



S5

Table S1: The effects of solvent on the reaction.[a]

1a 2a 3a

Me S
O

OHO O

Ph

O O

S
Ph

Me

O OEosin Y (1 mol%)
Visible light

TBHP (1 equiv)
Solvent, r.t.

Entry Solvent Yield(%)[b]

1 MeCN Trace

2 DMF Trace

3 THF N.R.

4 H2O 28

5 Ethanol 9

6 MeCN:H2O (1:2) 42

7 MeCN:H2O (1:3) 17

8 DCE:H2O (1:1) Trace

9 EtOH:H2O (1:1) 23

10 DMF:H2O (1:1) 12

11 DMSO:H2O (1:1) 10

[a] Reaction conditions: phenyl 3-phenylpropiolate (1a, 0.30 mmol), 4-methylbenzenesulfinic 

acid (2a, 0.60 mmol), Eosin Y (1 mol%), TBHP (0.30 mmol), solvent 1.5 mL), 18 W fluorescent 

lamp, at room temperature under air for 12 h. [b] Isolated yields.
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5. Characterization data for the products

4-Phenyl-3-tosyl-2H-chromen-2-one (3a)[1]

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.89 (d, J = 8.2 Hz, 2H), 7.61–

7.57 (m, 4H), 7.36–7.29 (m, 5H), 7.21–

7.17 (m, 1H), 7.02 (d, J = 7.8 Hz, 1H), 

2.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.03, 155.48, 153.74, 

144.64, 137.21, 134.48, 132.56, 129.80, 129.17, 129.15, 129.10, 128.04, 

127.38, 126.10, 124.70, 120.15, 116.65, 21.54.

6-Methyl-4-phenyl-3-tosyl-2H-chromen-2-one (3b)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.89 (d, J = 8.1 Hz, 2H), 7.58–

7.56 (m, 3H), 7.34–7.32 (m, 2H), 7.30–

7.28 (m, 2H), 7.13 (s, 1H), 6.99 (d, J = 8.2 Hz, 1H), 6.88 (d, J = 8.2 Hz, 

1H), 2.43 (s, 3H), 2.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.15, 

155.75, 153.86, 146.62, 144.50, 137.41, 132.78, 129.51, 129.13, 129.08, 

128.99, 127.97, 127.36, 126.05, 124.84, 117.77, 116.72, 21.75, 21.54. 

HRMS (ESI) ([M+H]+) Calcd. for C23H19O4S: 391.1004, Found: 

391.1010.

6-Ethyl-4-phenyl-3-tosyl-2H-chromen-2-one (3c)

O O

S
O
O
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Me

O O

S
O
O

Me
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Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.89 (d, J = 8.0 Hz, 2H), 

7.58–7.57 (m, 3H), 7.34–7.33 (m, 

2H), 7.30–7.28 (m, 2H), 7.16 (s, 1H), 

7.03 (d, J = 8.3 Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 2.73 (q, J = 7.5 Hz, 

2H), 2.41 (s, 3H), 1.24 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 

159.16, 155.80, 154.01, 152.75, 144.51, 137.34, 132.81, 129.66, 129.13, 

129.09, 129.00, 127.98, 127.33, 124.90, 124.83, 117.93, 115.53, 28.90, 

21.57, 14.73. HRMS (ESI) ([M+H]+) Calcd. for C24H21O4S: 405.1161, 

Found: 405.1160.

6-(iso-Propyl)-4-phenyl-3-tosyl-2H-chromen-2-one (3d)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.89 (d, J = 8.2 Hz, 2H), 

7.58–7.56 (m, 3H), 7.35–7.33 (m, 2H), 

7.29 (d, J = 8.2 Hz, 2H), 7.19 (s, 1H), 

7.06 (d, J = 8.3 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 3.01–2.94 (m, 1H) , 

2.41 (s, 3H), 1.26 (s, 3H), 1.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 

159.13, 157.34, 155.80, 154.08, 144.47, 137.41, 132.83, 129.73, 129.12, 

129.06, 128.99, 127.96, 127.36, 124.89, 123.56, 118.05, 114.18, 34.23, 

23.27, 21.54. HRMS (ESI) ([M+H]+) Calcd. for C25H23O4S: 419.1317, 

Found: 419.1318.
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6-(tert-Butyl)-4-phenyl-3-tosyl-2H-chromen-2-one (3e)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.89 (d, J = 8.2 Hz, 2H), 

7.58–7.56 (m, 3H), 7.35–7.33 (m, 3H), 

7.30–7.28 (m, 2H), 7.23 (d, J = 8.6 Hz, 

1H), 6.94 (d, J = 8.5 Hz, 1H), 2.41 (s, 3H), 1.32 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ: 159.68, 159.01, 155.87, 153.87, 144.48, 137.36, 132.81, 

129.38, 129.12, 129.06, 128.98, 127.96, 127.33, 124.99, 122.40, 117.67, 

113.40, 35.40, 30.70, 21.55. HRMS (ESI) ([M+H]+) Calcd. for C26H25O4S: 

433.1474, Found: 433.1471.

4,6-Diphenyl-3-tosyl-2H-chromen-2-one (3f)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.91 (d, J = 8.1 Hz, 2H), 

7.61–7.60 (m, 5H), 7.56 (s, 1H), 

7.50–7.42 (m, 4H), 7.39–7.37 (m, 2H), 

7.31 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.5 Hz, 1H), 2.43 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ: 158.84, 155.68, 154.17, 147.62, 144.61, 138.19, 

137.24, 132.66, 130.17, 129.17, 129.16, 129.12, 128.07, 127.38, 127.17, 

125.48, 123.46, 119.00, 114.57, 21.56. HRMS (ESI) ([M+H]+) Calcd. for 

C28H21O4S: 453.1161, Found: 453.1161.
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5,7-Dimethyl-4-phenyl-3-tosyl-2H-chromen-2-one (3g)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.90 (d, J = 8.2 Hz, 2H), 

7.58–7.57 (m, 3H), 7.34–7.32 (m, 

2H), 7.30–7.28 (m, 3H), 6.61 (s, 1H), , 

2.41 (s, 3H), 2.39 (s, 3H), 2.21 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 

159.36, 155.77, 150.36, 144.47, 137.43, 137.04, 133.91, 132.96, 129.13, 

129.08, 128.95, 127.92, 127.42, 127.01, 125.85, 125.55, 119.65, 21.54, 

20.74, 15.17. HRMS (ESI) ([M+H]+) Calcd. for C24H21O4S: 405.1161, 

Found: 405.1163.

6-Fluoro-4-phenyl-3-tosyl-2H-chromen-2-one (3i)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.87 (d, J = 8.2 Hz, 2H), 

7.58–7.57 (m, 3H), 7.34–7.28 (m, 4H), 

7.05–7.01 (m, 2H), 6.93–6.89 (m, 1H), 

2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 165.91 (d, JC-F = 259.4 Hz), 

158.57, 155.17, 155.08 (d, JC-F = 13.6 Hz), 144.75, 137.11, 132.41, 

132.08 (d, JC-F = 10.7 Hz), 129.26, 129.21, 129.11, 128.15, 127.30, 

125.09 (d, JC-F = 3.0 Hz), 116.98 (d, JC-F = 2.7 Hz), 113.11 (d, JC-F = 22.6 

Hz), 104.12 (d, JC-F = 25.7 Hz), 21.54. HRMS (ESI) ([M+H]+) Calcd. for 

C22H16FO4S: 395.0753, Found: 395.0757.
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6-Chloro-4-phenyl-3-tosyl-2H-chromen-2-one (3j)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.88 (d, J = 8.2 Hz, 2H), 

7.59–7.58 (m, 3H), 7.35–7.29 (m, 5H), 

7.16 (dd, J = 8.7, 1.7 Hz, 1H), 6.95 (d, 

J = 8.7 Hz, 1H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 158.28, 

154.92, 153.88, 144.81, 140.78, 136.98, 132.19, 130.70, 129.31, 129.22, 

129.19, 128.17, 127.30, 126.06, 125.36, 118.83, 116.87, 21.55. HRMS 

(ESI) ([M+H]+) Calcd. for C22H16ClO4S: 411.0458, Found: 411.0461.

6-Bromo-4-phenyl-3-tosyl-2H-chromen-2-one (3k)[1]

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.88 (d, J = 8.1 Hz, 2H), 

7.59–7.58 (m, 3H), 7.52 (s, 1H), 7.31–

7.29 (m, 5H), 6.87 (d, J = 8.6 Hz, 1H), 

2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 158.37, 154.87, 153.70, 

144.84, 136.92, 132.13, 130.71, 129.33, 129.23, 129.20, 129.09, 128.24, 

128.19, 127.29, 126.23, 119.88, 119.18, 21.57.

6-Iodo-4-phenyl-3-tosyl-2H-chromen-2-one (3l)

Colorless solid. 1H NMR (400 MHz, CDCl3) δ: 7.87 (d, J = 8.2 Hz, 2H), 
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7.72 (s, 1H), 7.59–7.58 (m, 3H), 7.51 (d, J = 8.6 Hz, 1H), 7.33–7.29 (m, 

4H), 6.69 (d, J = 8.5 Hz, 1H), 2.42 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ: 

158.52, 154.77, 153.22, 144.83, 136.93, 

134.10, 132.07, 130.49, 129.31, 129.23, 

129.19, 128.18, 127.31, 126.46, 125.81, 119.70, 101.32, 21.58. HRMS 

(ESI) ([M+H]+) Calcd. for C22H16IO4S: 502.9814, Found: 502.9812.

5-Methyl-4-phenyl-3-tosyl-2H-chromen-2-one and 7-Methyl-4-

phenyl-3-tosyl-2H-chromen-2-one (3m and 3m’)

Colorless solid. 1H 

NMR (400 MHz, 

CDCl3) δ: 7.91–

7.88 (m, 4H), 

7.59–7.56 (m, 6H), 7.46 (d, J = 7.4 Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 

7.35–7.33 (m, 4H), 7.30–7.28 (m, 4H), 7.23 (d, J = 8.4 Hz, 1H), 7.10–

7.06 (m, 1H), 6.85 (d, J = 8.1 Hz, 1H), 6.76 (s, 1H), 2.43 (s, 3H), 2.41 (s, 

6H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.38, 159.09, 155.69, 

155.61, 152.08, 151.95, 144.58, 137.26, 135.76, 135.69, 134.61, 132.86, 

132.63, 129.26, 129.16, 129.14, 129.13, 129.07, 129.01, 128.02, 127.96, 

127.56, 127.41, 127.36, 126.19, 125.89, 125.65, 124.19, 119.92, 119.80, 

116.42, 21.56, 20.81, 15.28, 14.10. HRMS (ESI) ([M+H]+) Calcd. for 

O O

S
O
O

I

Me

O O

Me
S
O
O

Me O O

S
O
O

MeMe
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C23H19O4S: 391.1004, Found: 391.1000.

4-Phenyl-3-(phenylsulfonyl)-2H-chromen-2-one (3o)[1]

Colorless solid. 1H NMR (400 MHz, CDCl3) 

δ: 8.01 (d, J = 7.6 Hz, 2H), 7.63–7.58 (m, 5H), 

7.52–7.48 (m, 2H), 7.37–7.33 (m, 3H), 7.21–

7.18 (m, 1H), 7.04–7.02 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ: 159.46, 155.43, 153.79, 140.18, 134.62, 133.56, 

132.44, 129.84, 129.17, 129.02, 128.53, 128.07, 127.38, 125.81, 124.76, 

120.11, 116.69.

3-((4-Fluorophenyl)sulfonyl)-4-phenyl-2H-chromen-2-one (3p)[1]

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 8.05-8.01 (m, 2H), 7.65–7.58 

(m, 4H), 7.35–7.34 (m, 3H), 7.22–7.14 

(m, 3H), 7.04 (d, J = 7.7 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ: 165.71 (d, JC-F = 256.4 Hz), 159.58, 155.48, 

153.78, 136.14 (d, JC-F = 3.1 Hz), 134.76, 132.37, 132.14 (d, JC-F = 9.8 

Hz), 129.88, 129.25, 128.12, 127.33, 125.66, 124.84, 120.05, 116.72, 

115.78 (d, JC-F = 22.7 Hz).

3-((4-Chlorophenyl)sulfonyl)-4-phenyl-2H-chromen-2-one (3q)[1]

O O

S
O
O

O O

S
O
O

F
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Colorless solid. 1H NMR (400 MHz, CDCl3) 

δ: 7.95 (d, J = 8.4 Hz, 2H), 7.65–7.59 (m, 

4H), 7.47 (d, J = 8.4 Hz, 2H), 7.37–7.35 (m, 

3H), 7.23–7.19 (m, 1H), 7.04 (d, J = 7.9 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ: 159.75, 155.44, 153.81, 140.32, 

138.60, 134.78, 132.27, 130.64, 129.88, 129.29, 128.82, 128.12, 127.34, 

125.53, 124.84, 120.03, 116.75.

3-((4-Bromophenyl)sulfonyl)-4-phenyl-2H-chromen-2-one (3r)[1]

Colorless solid. 1H NMR (400 MHz, CDCl3) δ: 

7.86 (d, J = 8.4 Hz, 2H), 7.64–7.58 (m, 6H), 

7.35–7.33 (m, 3H), 7.23–7.19 (m, 1H), 7.04 (d, 

J = 7.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 159.82, 155.44, 153.80, 

139.18, 134.85, 132.26, 131.82, 130.67, 129.89, 129.31, 128.96, 128.13, 

127.35, 125.45, 124.88, 120.02, 116.75.

3-((2-Chlorophenyl)sulfonyl)-4-phenyl-2H-chromen-2-one (3s)

Colorless solid. 1H NMR (400 MHz, CDCl3) 

δ: 8.21 (d, J= 7.6 Hz, 1H), 7.66–7.62 (m, 1H), 

7.54–7.53 (m, 3H), 7.48–7.35 (m, 6H), 7.25–

7.21 (m, 1H), 7.15 (d, J = 8.0 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ: 159.80, 155.32, 153.88, 138.58, 134.74, 

134.23, 131.62, 131.58, 131.30, 131.03, 129.58, 129.54, 128.09, 128.04, 

O O

S
O
O

Cl

O O

S
O
O

Br

O O

S
O
O
Cl
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127.08, 125.14, 124.96, 119.92, 116.86. HRMS (ESI) ([M+H]+) Calcd. 

for C21H14ClO4S: 397.0301, Found: 397.0296.

3-((4-Chloro-3-(trifluoromethyl)phenyl)sulfonyl)-4-phenyl-2H-

chromen-2-one (3t)

Colorless solid. 1H NMR (400 MHz, CDCl3) 

δ: 8.23 (s, 1H), 8.20 (dd, J = 8.4, 1.8 Hz, 

1H), 7.68–7.60 (m, 5H), 7.38–7.34 (m, 3H), 

7.26–7.22 (m, 1H), 7.09 (dd, J = 8.1, 0.86 

Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 160.64, 155.46, 153.88, 139.29, 

138.28 (t, JC-F = 1.6 Hz), 135.18, 133.68, 131.97, 131.86, 129.78 (d, JC-F 

= 45.9 Hz), 128.90 (q, JC-F = 32.6 Hz), 128.48 (q, JC-F = 5.5 Hz), 128.23, 

127.29, 121.89 (q, JC-F = 272.3 Hz), 125.04, 124.92, 119.91, 116.84. 

HRMS (ESI) ([M+H]+) Calcd. for C22H13ClF3O4S: 465.0175, Found: 

465.0174.

3-(Naphthalen-2-ylsulfonyl)-4-phenyl-2H-chromen-2-one (3u)[1]

Colorless solid. 1H NMR (400 MHz, CDCl3) 

δ: 8.61 (s, 1H), 7.99–7.91 (m, 3H), 7.88 (d, 

J = 8.0 Hz, 1H), 7.65–7.56 (m, 6H), 7.40–

7.38 (m, 2H), 7.31 (d, J = 8.2 Hz, 1H), 

7.20–7.16 (m, 1H), 7.04 (d, J = 7.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ: 159.44, 155.49, 153.79, 137.01, 135.26, 134.60, 132.48, 131.84, 

O O

S
O
O

Cl

CF3

O O

S
O
O
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131.25, 129.82, 129.55, 129.24, 129.15, 128.63, 128.08, 127.75, 127.51, 

127.27, 125.89, 124.74, 123.46, 120.12, 116.68.

 

4-(p-Tolyl)-3-tosyl-2H-chromen-2-one (3v)

Colorless solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.89 (d, J = 8.0 Hz, 2H), 7.62–

7.58 (m, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.33 

(d, J = 8.5 Hz, 1H), 7.30 (d, J = 8.0 Hz, 

2H), 7.25–7.23 (m, 2H), 7.21–7.17 (m, 1H), 7.07 (d, J = 8.1 Hz, 1H), 

2.50 (s, 3H), 2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 159.43, 155.56, 

153.70, 144.57, 139.12, 137.22, 134.35, 129.86, 129.51, 129.15, 129.13, 

128.76, 127.35, 126.07, 124.60, 120.30, 116.63, 21.56, 21.44. HRMS 

(ESI) ([M+H]+) Calcd. for C23H19O4S: 391.1004, Found: 391.0999.

4-(m-Tolyl)-3-tosyl-2H-chromen-2-one (3w)

Colorless solid. 1H NMR (400 MHz, CDCl3) 

δ: 7.89 (d, J = 8.1 Hz, 2H), 7.63–7.59 (m, 

1H), 7.49–7.45 (m, 1H), 7.38–7.36 (m, 1H), 

7.34–7.31 (m, 2H), 7.29 (s, 1H), 7.21–7.17 

(m, 1H), 7.15–7.13 (m, 2H), 7.04 (d, J = 8.0 Hz, 1H), 2.48 (s, 3H), 2.42 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ: 159.35, 155.56, 153.70, 144.61, 

137.71, 137.24, 134.42, 132.45, 129.90, 129.88, 129.16, 129.13, 129.11, 

O O

S
O
O

Me

Me

O O

S
O
O

Me

Me
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127.97, 127.91, 124.65, 124.48, 120.19, 116.61, 21.56, 21.46. HRMS 

(ESI) ([M+H]+) Calcd. for C23H19O4S: 391.1004, Found: 391.1002.
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7. 1H and 13C NMR spectra of the products
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