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General: All reagents were obtained from Adamas, Aladin, Accela, or Acros and 

used without further purification unless otherwise noted. The products were purified 

by column chromatography with Huanghai Silica Gel 50-75 um, ultrapure silica gel. 
1H, and 13C spectra were recorded using a Bruker 500, a Varian 400, or a Varian 600 

spectrometer. IR spectra were measured on a Nicolet iS50 FT-IR spectrometer using 

KBr plates. The high-resolution mass spectra (HRMS) were recorded on Waters 

SYNAPT G3 spectrometer (ESI). Single-crystal X-ray diffraction (XRD) data was 

collected on a Super Nova-CCD using graphite-monochromated Mo Kα radiation (λ = 

0.71073 Å) at 293 K.  

 

General procedure for the preparation of aryl allyl sulfoxides 2 (Procedure A): 

To a solution of aryl allyl thioether (5 mmol, 1.0 equiv) in anhydrous ethanol (10 mL) 

at room temperature was added H2O2 (30% in water, 0.25 mL, 2.5 mmol, 0.5 equiv). 

The reaction was stirred at room temperature for 24 h. The volatiles were removed 

directly on rotary evaporator to afford a crude oil. Flash column chromatography (pet 

ether:EtOAc = 4:1) gave the sulfoxide product along with the recovered thioether.      

 

The preparation of 2a was followed by Procedure A. 412 mg (90% conversion based 

on 405 mg recovered thioether) of pure 2a was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.40 (d, J = 7.5 

Hz, 2H), 7.23 (d, J = 7.5 Hz, 2H), 5.65-5.48 (m, 1H), 5.23 (d, 

J = 10.0 Hz, 1H), 5.11 (d, J = 17.0 Hz, 1H), 3.54-3.33 (m, 2H), 2.32 (s, 3H) ppm; 13C 

NMR (125 MHz, CDCl3) δ 141.6, 139.7, 129.8, 125.4, 124.4, 123.7, 60.9, 21.4 ppm; 

IR (thin film) 2921, 1635, 1493, 1088, 1043, 1016, 928, 810, 620, 571, 505 (cm-1); 

HRMS-MALDI (m/z) calcd for [C10H12NaOS]+, 203.0501; found, 203.0500. 

 

The preparation of 2h was followed by Procedure A. 370 mg (90% 

conversion based on 380 mg recovered thioether) of pure 2h was 

isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.63-7.57 

(m, 2H), 7.54-7.43 (m, 3H), 5.70-5.56 (m, 1H), 5.33 (d, J = 10.0 Hz, 1H), 5.20 (d, J = 
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17.0 Hz, 1H), 3.63-3.44 (m, 2H) ppm; 13C NMR (125 MHz, CDCl3) δ 143.0, 131.2, 

129.2, 125.3, 124.4, 124.0, 61.0 ppm; IR (thin film) 3460, 3058, 1636, 1477, 1444, 

1424, 1089, 1040, 996, 831, 751, 692, 573, 537, 508 (cm-1); HRMS-MALDI (m/z) 

calcd for [C9H10NaOS]+, 189.0345; found, 189.0346. 

 

The preparation of 2i was followed by Procedure A. 483 mg (86% conversion based 

on 440 mg recovered thioether) of pure 2i was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.50 (d, J = 8.5 Hz, 

2H), 7.45 (d, J = 8.5 Hz, 2H), 5.64-5.53 (m, 1H), 5.30 (d, J = 

10.0 Hz, 1H), 5.15 (d, J = 17.0 Hz, 1H), 3.58-3.50 (m, 1H), 3.49-3.41 (m, 1H) ppm; 
13C NMR (125 MHz, CDCl3) δ 141.4, 137.4, 129.4, 125.9, 124.9, 124.4, 60.8 ppm; IR 

(thin film) 3082, 2914, 1635, 1574, 1475, 1092, 1044, 1011, 931, 823, 742, 572, 502 

(cm-1); HRMS-MALDI (m/z) calcd for [C9H9ClNaOS]+, 222.9955; found, 222.9957. 

 

The preparation of 2j was followed by Procedure A. 453 mg (83% conversion based 

on 400 mg recovered thioether) of pure 2j was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.49 (d, J = 9.0 

Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 5.63-5.51 (m, 1H), 5.26 (d, 

J = 10.5 Hz, 1H), 5.13 (d, J = 17.0 Hz, 1H), 3.79 (s, 3H), 3.47 (d, J = 7.5 Hz, 2H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 162.1, 133.8, 126.3, 125.5, 123.8, 114.6, 61.1, 

55.6 ppm; IR (thin film) 3085, 3012, 2963, 2863, 2839, 1635, 1594, 1496, 1304, 1254, 

1174, 1090, 1030, 932, 931, 573, 528 (cm-1); HRMS-MALDI (m/z) calcd for 

[C10H12NaO2S]+, 219.0450; found, 219.0452. 

 

The preparation of 2k was followed by Procedure A. 535 mg (80% conversion based 

on 520 mg recovered thioether) of pure 2k was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.79-7.75 (m, 1H), 

7.56-7.49 (m, 2H), 7.36-7.31 (m, 1H), 5.75-5.63 (m, 1H), 5.32 (d, J 

= 10.0 Hz, 1H), 5.19 (d, J = 17.0 Hz, 1H), 3.79-3.72 (m, 1H), 3.59-3.51 (m, 1H) ppm; 
13C NMR (125 MHz, CDCl3) δ 142.5, 133.0, 132.4, 128.3, 127.4, 125.3, 124.2, 118.8, 
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57.6 ppm; IR (thin film) 3479, 3061, 2979, 2916, 1634, 1566, 1447, 1425, 1395, 1096, 

1053, 1015, 990, 928, 759, 710, 566, 521 (cm-1); HRMS-MALDI (m/z) calcd for 

[C9H9BrNaOS]+, 266.9450; found, 266.9448. 

 

The preparation of 2l was followed by Procedure A. 433 mg (87% conversion based 

on 435 mg recovered thioether) of pure 2l was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.21 (t, J = 7.5 Hz, 

1H), 7.02 (d, J = 7.5 Hz, 2H), 5.77-5.64 (m, 1H), 5.30-5.22 (m, 

2H), 3.88 (dd, J1 =7.5, J2 = 12.5 Hz, 1H), 3.77 (dd, J1 =7.5, J2 = 

12.5 Hz, 1H), 2.56 (s, 6H) ppm; 13C NMR (125 MHz, CDCl3) δ 138.8, 137.3, 131.1, 

130.3, 126.8, 123.4, 56.7, 19.6 ppm; IR (thin film) 3463, 3056, 2976, 2926, 1635, 

1579, 1460, 1381, 1119, 1079, 1041, 992, 929, 717, 583, 567 (cm-1); HRMS-MALDI 

(m/z) calcd for [C11H14NaOS]+, 217.0658; found, 217.0653. 

 

The preparation of 2m was followed by Procedure A. 376 mg (85% conversion based 

on 380 mg recovered thioether) of pure 2m was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.63 (dd, J1 = 5.0, J2 = 

1.5 Hz, 1H), 7.41 (dd, J1 = 4.0, J2 = 1.5 Hz, 1H), 7.09 (dd, J1 = 5.0, 

J2 = 3.5 Hz, 1H), 5.72-5.63 (m, 1H), 5.35 (d, J = 10.0 Hz, 1H), 5.26 

(dd, J1 = 17.0, J2 = 1.5 Hz, 1H), 3.76 (dd, J1 = 12.5, J2 = 7.5 Hz, 1H), 3.68 (dd, J1 = 

12.5, J2 = 7.5 Hz, 1H) ppm; 13C NMR (125 MHz, CDCl3) δ 145.1, 131.3, 130.0, 127.4, 

125.3, 124.4, 62.2 ppm; IR (thin film) 2924, 2854, 1636, 1595, 1462, 1260, 1090, 

1033, 803 (cm-1); HRMS-MALDI (m/z) calcd for [C7H8NaOS2]+, 194.9909; found, 

194.9912. 

 

The preparation of 2n was followed by Procedure A. 428 mg (87% conversion based 

on 440 mg recovered thioether) of pure 2n was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 8.0 

Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 5.02 (s, 1H), 4.82 (s, 1H), 

3.53 (d, J = 12.5 Hz, 1H), 3.37 (d, J = 12.5 Hz, 1H), 2.41 (s, 3H), 1.81 (s, 3H) ppm; 

S
O

2l

Me

Me

S

Me

O

2n

Me

S
O

2m

S

S4



13C NMR (125 MHz, CDCl3) δ 141.7, 140.8, 135.0, 129.9, 124.3, 118.7, 66.9, 23.0, 

21.5 ppm; IR (thin film) 3463, 2974, 2919, 1645, 1596, 1494, 1451, 1399, 1379, 1304, 

1086, 1048, 1015, 901, 809 (cm-1); HRMS-MALDI (m/z) calcd for [C11H14NaOS]+, 

217.0658; found, 217.0649. 

 

The preparation of 2o was followed by Procedure A. 490 mg (90% conversion based 

on 490 mg recovered thioether) of pure 2o was isolated as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.49 (d, J = 6.5 

Hz, 2H), 7.28 (d, J = 6.5 Hz, 2H), 5.36 (s, 1H), 5.22 (s, 1H), 

3.73 (d, J = 13.0 Hz, 1H), 3.54 (d, J = 13.0 Hz, 1H), 2.36 (s, 

3H) ppm; 13C NMR (125 MHz, CDCl3) δ 142.1, 139.7, 131.1, 123.0, 124.2, 119.6, 

67.9, 21.5 ppm; IR (thin film) 3463, 3020, 2921, 1635, 1493, 1398, 1088, 1043, 1015, 

928, 810, 620, 570, 506 (cm-1); HRMS-MALDI (m/z) calcd for [C10H11ClNaOS]+, 

237.0111; found, 237.0108. 

 

The preparation of 2p was followed by Procedure A. 438 mg (88% conversion based 

on 435 mg recovered thioether) of 2p was isolated as a 

colorless oil, which is a mixture of isomers in 1:3.6 ratio. 
1H NMR (500 MHz, CDCl3) δ 7.43 (d, J = 7.5 Hz, 2H), 

7.39 (d, J = 7.5 Hz, 7.2H), 7.25-7.19 (m, 9.2H), 5.79-5.69 

(m, 1H), 5.58-5.49 (m, 3.6H), 5.27-5.16 (m, 4.6H), 3.52 (t, J = 7.5 Hz, 2H), 3.37 (d, J 

= 7.5 Hz, 7.2H), 2.33 (s, 13.8H), 1.61 (d, J = 6.5 Hz, 10.8H), 1.38 (d, J = 7.0 Hz, 3H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 141.6, 141.5, 140.1, 140.0, 135.5, 133.3, 129.8, 

129.7, 124.6, 124.5, 118.2, 117.0, 60.6, 55.2, 21.5, 18.3, 13.2 ppm; IR (thin film) 

3462, 3022, 2922, 2874, 1735, 1596, 1450, 1133, 1081, 966, 900, 812, 712, 626, 511 

(cm-1); HRMS-MALDI (m/z) calcd for [C11H14NaOS]+, 217.0658; found, 217.0659. 

 

The preparation of 2q was followed by Procedure A. 516 mg (90% conversion based 

on 490 mg recovered thioether) of 2q was isolated as a colorless oil, which is a 

mixture of isomers in 1:1.36 ratio. 1H NMR (500 MHz, CDCl3) δ 7.49-7.40 (m, 
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4.72H), 7.22 (d, J = 6.5 Hz, 4.72H), 6.03 (d, J = 6.0 Hz, 1H), 

5.90 (d, J = 6.0 Hz, 1.36H), 5.58 (d, J = 8.5 Hz, 1H), 5.05 (d, 

J = 10.0 Hz, 1.36H), 3.25 (s, 1H), 3.18 (s, 1.36H), 2.32 (s, 

7.08H), 2.28-1.42 (m, 14.16H) ppm; 13C NMR (125 MHz, 

CDCl3) δ 141.6, 141.4, 139.0, 138.9, 135.1, 135.0, 129.7, 129.6, 125.3, 124.8, 120.1, 

119.7, 63.0, 61.5, 24.9, 24.7, 23.2, 21.5, 21.4, 21.3, 20.0, 18.9 ppm; IR (thin film) 

3037, 2937, 2867, 1700, 1651, 1541, 1521, 1507, 1490, 1457, 1084, 1045, 811, 726, 

623, 506 (cm-1); HRMS-MALDI (m/z) calcd for [C13H16NaOS]+, 243.0814; found, 

243.0819. 

 

The preparation of 2r was followed by Procedure A. 485 mg (91% conversion based 

on 470 mg recovered thioether) of pure 2r was isolated 

as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.47 (d, 

J = 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 5.04 (t, J = 8.0 

Hz, 1H), 3.60-3.42 (m, 2H), 2.40 (s, 3H), 1.72 (s, 3H), 1.43 (s, 3H) ppm; 13C NMR 

(125 MHz, CDCl3) δ 142.2, 141.6, 140.5, 129.8, 124.6, 111.4, 56.9, 26.1, 21.6, 18.3 

ppm; IR (thin film) 3478, 3081, 3037, 2973, 2979, 1644, 1596, 1493, 1451, 1399, 

1085, 1048, 1014, 899, 808, 621 (cm-1); HRMS-MALDI (m/z) calcd for 

[C12H16NaOS]+, 231.0814; found, 231.0818. 

 

The preparation of 2s was followed by Procedure A. 428 mg (87% conversion based 

on 440 mg recovered thioether) of 2s was isolated as a 

colorless oil, which is a mixture of isomers in 1:1 ratio. 1H 

NMR (500 MHz, CDCl3) δ 7.46 (d, J = 8.0 Hz, 2H), 7.43 (d, J 

= 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 4H), 5.64-5.54 (m, 2H), 

5.29-5.24 (m, 2H), 5.13 (t, J = 1.0 Hz, 1H), 5.10 (t, J = 1.0 Hz, 1H), 3.48-3.41 (m, 

1H), 3.40-3.33 (m, 1H), 2.41 (s, 6H), 1.32 (d, J = 7.0 Hz, 3H), 1.29 (d, J = 7.0 Hz, 3H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 141.9, 141.7, 138.2, 137.7, 132.4, 132.1, 129.6, 

129.6, 125.6, 125.5, 121.0, 120.9, 63.8, 62.7, 21.7, 21.6, 12.5, 12.1 ppm; IR (thin film) 
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2973, 2925, 2857, 1450, 1117, 1086, 1047, 1016, 811 (cm-1); HRMS-MALDI (m/z) 

calcd for [C11H14NaOS]+, 217.0658; found, 217.0658. 

 

Reaction with various protecting groups: 

A mixture of aryl allyl sulfoxide 2a (54.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 

1a (178.9 mg, 0.6 mmol, 2.0 equiv), 2-bromoacetophenone 

(119.4 mg, 0.6 mmol, 2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 

4.0 equiv) in anhydrous MeCN (20 mL) was stirred at 50 oC for 

12 h. The volatiles were removed directly on rotary evaporator. 

Flash column chromatography (pet ether:EtOAc = 20:1) afforded 78.6 mg (70%) of 

product 3b as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 7.5 Hz, 2H), 

7.58 (t, J = 7.5 Hz, 1H), 7.46 (t, J = 7.5 Hz, 2H), 7.30 (d, J = 7.5 Hz, 2H), 7.14 (d, J = 

7.5 Hz, 2H), 7.07 (d, J = 7.5 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 

1H), 6.03-5.88 (m, 1H), 5.29 (s, 2H), 5.10-4.95 (m, 2H), 3.48 (d, J = 6.5 Hz, 2H), 

2.34 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 194.2, 154.5, 138.1, 137.2, 135.0, 

134.1, 133.8, 133.0, 131.4, 130.4, 130.1, 129.2, 129.1, 128.9, 128.3, 125.4, 116.4, 

75.4, 34.2, 21.4 ppm; IR (thin film) 3443, 3061, 2962, 2920, 1705, 1597, 1491, 1448, 

1426, 1284, 1259, 1212, 1086, 1018, 969, 917, 808, 753, 689, 576 (cm-1); 

HRMS-MALDI (m/z) calcd for [C24H22NaO2S]+, 397.1233; found, 397.1235. 

 

A mixture of aryl allyl sulfoxide 2a (54.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 

1a (178.9 mg, 0.6 mmol, 2.0 equiv), allyl bromide (73 mg, 0.6 

mmol, 2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 4.0 equiv) in 

anhydrous MeCN (20 mL) was stirred at 50 oC for 12 h. The 

volatiles were removed directly on rotary evaporator. Flash column 

chromatography (pet ether:EtOAc = 20:1) afforded 55.1 mg (62%) of product 3c as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.34 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 

Hz, 2H), 7.01 (dd, J1 = 1.5, J2= 7.5 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H), 6.78 (dd, J1 = 1.5, 

J2= 7.5 Hz, 1H), 6.21-6.07 (m, 1H), 6.04-5.84 (m, 1H), 5.44 (dd, J1 = 1.5, J2= 17.0 Hz, 

1H), 5.27 (dd, J1 = 1.5, J2= 10.5 Hz, 1H), 5.12-5.04 (m, 2H), 4.51 (d, J = 5.5 Hz, 2H), 

STol

O

3b

Ph

O

STol

O

3c

S7



3.44 (d, J = 6.5 Hz, 2H), 2.36 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 154.2, 

138.2, 137.2, 134.0, 134.0, 133.6, 132.3, 130.4, 130.0, 128.4, 128.1, 124.9, 117.8, 

116.3, 74.2, 34.3, 21.4 ppm; IR (thin film) 2922, 1639, 1490, 1436, 1257, 1223, 1099, 

991, 916, 809, 778, 750, 689 (cm-1); HRMS-MALDI (m/z) calcd for [C19H21OS]+, 

297.1308; found, 297.1309. 

 

A mixture of aryl allyl sulfoxide 2a (54.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 

1a (178.9 mg, 0.6 mmol, 2.0 equiv), cinnamyl bromide (118 

mg, 0.6 mmol, 2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 4.0 

equiv) in anhydrous MeCN (20 mL) was stirred at 50 oC for 12 

h. The volatiles were removed directly on rotary evaporator. 

Flash column chromatography (pet ether:EtOAc = 20:1) afforded 70.4 mg (63%) of 

product 3d as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.43 (d, J = 7.5 Hz, 2H), 

7.40-7.31 (m, 4H), 7.28-7.24 (m, 1H), 7.17 (d, J = 7.5 Hz, 2H), 7.04 (dd, J1 = 1.5, J2 = 

7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.81 (dd, J1 = 1.5, J2 = 7.5 Hz, 1H), 6.73 (d, J = 

16.0 Hz, 1H), 6.52 (dt, J1 = 6.0, J2 = 16.0 Hz, 1H), 6.05-5.94 (m, 1H), 5.14-5.05 (m, 

2H), 4.68 (dd, J1 = 1.5, J2 = 6.0 Hz, 2H), 3.49 (d, J = 6.5 Hz, 2H), 2.37 (s, 3H) ppm; 

13C NMR (125 MHz, CDCl3) δ 154.3, 138.2, 137.2, 136.9, 134.1, 133.5, 133.1, 132.3, 

130.4, 130.1, 128.8, 128.5, 128.2, 128.0, 126.9, 125.2, 124.9, 116.3, 74.0, 34.3, 21.4 

ppm; IR (thin film) 3058, 3024, 2921, 2855, 1638, 1598, 1569, 1492, 1437, 1373, 

1256, 1213, 1083, 965, 809, 742, 691, 507 (cm-1); HRMS-MALDI (m/z) calcd for 

Chemical Formula: [C25H24NaOS]+, 395.1440; found, 395.1450. 

 

A mixture of aryl allyl sulfoxide 2a (54.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 

1a (178.9 mg, 0.6 mmol, 2.0 equiv), benzyl bromide (103 mg, 0.6 

mmol, 2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 4.0 equiv) in 

anhydrous MeCN (20 mL) was stirred at 50 oC for 12 h. The 

volatiles were removed directly on rotary evaporator. Flash column 

chromatography (pet ether:EtOAc = 20:1) afforded 73.8 mg (71%) of product 3e as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.56-7.53 (m, 2H), 7.43-7.34 (m, 5H), 
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7.18 (d, J = 8.0 Hz, 2H), 7.04 (dd, J1 = 1.5, J2 = 7.5 Hz, 1H), 6.95 (t, J = 7.5 Hz, 1H), 

6.82 (dd, J1 = 1.5, J2 = 7.5 Hz, 1H), 6.02-5.92 (m, 1H), 5.10 (t, J = 1.5 Hz, 1H), 

5.09-5.06 (m, 1H), 5.03 (s, 2H), 3.45 (d, J = 6.5 Hz, 2H), 2.37 (s, 3H) ppm; 13C NMR 

(125 MHz, CDCl3) δ 154.0, 138.3, 137.5, 137.2, 134.2, 133.7, 132.4, 130.4, 129.9, 

128.7, 128.4, 128.3, 128.2, 128.1, 125.1, 116.4, 74.9, 34.2, 21.4 ppm; IR (thin film) 

3061, 3031, 2918, 2868, 1760, 1638, 1491, 1435, 1380, 1252, 1213, 992, 973, 806, 

754, 698, 508, 603 (cm-1); HRMS-MALDI (m/z) calcd for [C23H23OS]+, 347.1464; 

found, 347.1467. 
 

A mixture of aryl allyl sulfoxide 2a (54.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 

1a (178.9 mg, 0.6 mmol, 2.0 equiv), Boc anhydride (131 mg, 0.6 

mmol, 2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 4.0 equiv) in 

anhydrous MeCN (20 mL) was stirred at 50 oC for 12 h. The volatiles 

were removed directly on rotary evaporator. Flash column 

chromatography (pet ether:EtOAc = 20:1) afforded 75.9 mg (71%) of product 3f as a 

colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.32 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.0 

Hz, 2H), 7.09 (dd, J1 = 2.0, J2= 7.5 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.99 (dd, J1 = 2.0, 

J2 = 7.5 Hz, 1H), 5.97-5.86 (m, 1H), 5.18-5.04 (m, 2H), 3.36 (d, J = 6.5 Hz, 2H), 2.34 

(s, 3H), 1.55 (s, 9H) ppm; 13C NMR (125 MHz, CDCl3) δ 151.2, 147.7, 138.0, 135.8, 

133.5, 133.0, 131.6, 130.6, 130.2, 130.1, 128.8, 126.7, 116. 8, 83.8, 34.8, 27.9, 21.4 

ppm; IR (thin film) 2980, 2926, 1758, 1640, 1492, 1370, 1276, 1248, 1156, 1134, 

1016, 891, 811, 774, 711 (cm-1); HRMS-MALDI (m/z) calcd for [C21H24NaO3S]+, 

379.1338; found, 379.1351. 

 

A mixture of aryl allyl sulfoxide 2a (54.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 

1a (223.5 mg, 0.75 mmol, 2.5 equiv), and CsF (227.9 mg, 1.5 mmol, 

5.0 equiv) in a 1:2 mixture of anhydrous MeCN-toluene (20 mL) was 

stirred in a sealed tube at 110 oC for 20 h. The volatiles were 

removed directly on rotary evaporator. Flash column chromatography 

(pet ether:EtOAc = 20:1) afforded 74.8 mg (75%) of product 3g as a colorless oil. 1H 
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NMR (500 MHz, CDCl3) δ 7.33 (d, J = 8.0 Hz, 2H), 7.31-7.28 (m, 2H), 7.16 (d, J = 

8.0 Hz, 2H), 7.11 (dd, J1 = 1.5, J2 = 7.5 Hz, 1H), 7.07-7.01 (m, 2H), 6.87 (dd, J1 = 1.5, 

J2 = 7.5 Hz, 1H), 6.86-6.83 (m, 2H), 5.92-5.82 (m, 1H), 5.07-4.98 (m, 2H), 3.28 (d, J 

= 7.0 Hz, 2H), 2.37 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 157.9, 149.0, 138.5, 

136.0, 134.4, 134.2, 133.5, 130.3, 129.7, 128.1, 127.8, 126.0, 121.9, 118.3, 116.6, 

115.1, 34.4, 21.4 ppm; IR (thin film) 3062, 2919, 1590, 1569, 1489, 1455, 1434, 1254, 

1223, 1163, 1072, 916, 809, 776, 749, 689, 508 (cm-1); HRMS-MALDI (m/z) calcd 

for [C22H20NaOS]+, 355.1127; found, 355.1129. 

 

General procedure for the reaction of 2 with benzyne (Procedure B): A mixture 

of aryl allyl sulfoxide 2 (0.3 mmol, 1.0 equiv), aryne precursor 1a (178.9 mg, 0.6 

mmol, 2.0 equiv), ethyl bromoacetate (100.2 mg, 0.6 mmol, 2.0 equiv), and CsF 

(182.3 mg, 1.2 mmol, 4.0 equiv) in anhydrous MeCN (20 mL) was stirred at 50 oC or 

80 oC for 12 h. The volatiles were removed directly on rotary evaporator. Flash 

column chromatography (pet ether:EtOAc = 20:1) afforded product 3. 

 

The synthesis of 3a was followed by Procedure B at 50 oC. 89.4 mg (87%) of pure 3a 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.32 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.03 (dd, J1 = 

2.0, J2 = 7.5 Hz, 1H), 6.95 (t, J = 7.5 Hz, 1H), 6.83 (dd, J1 = 1.5, 

J2 = 8.0 Hz, 1H), 6.04-5.92 (m, 1H), 5.12-4.98 (m, 2H), 4.64 (s, 

2H), 4.29 (q, J = 7.0 Hz, 2H), 3.50 (d, J = 6.5 Hz, 2H), 2.35 (s, 3H), 1.32 (t, J = 7.0 

Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.0, 154.0, 138.2, 137.2, 134.0, 133.2, 

131.5, 130.4, 129.9, 128.9, 128.8, 125.4, 116.3, 69.9, 61.3, 34.2, 21.3, 14.4 ppm; IR 

(thin film) 2924, 2854, 1763, 1737, 1492, 1445, 1258, 1197, 1084, 809, 757, 699, 603, 

509 (cm-1); HRMS-MALDI (m/z) calcd for [C20H22NaO3S]+, 365.1182; found, 

365.1192. 

 

The synthesis of 3h was followed by Procedure B at 50 oC. 73.8 mg (75%) of pure 3h 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.39-7.35 (m, 2H), 
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7.35-7.30 (m, 2H), 7.30-7.27 (m, 1H), 7.08 (dd, J1 = 1.5, J2 = 

7.5 Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H), 6.94 (dd, J1 = 1.5, J2 = 7.5 

Hz, 1H), 6.06-5.88 (m, 1H), 5.16-4.98 (m, 2H), 4.63 (s, 2H), 

4.28 (q, J = 7.0 Hz, 2H), 3.51 (d, J = 6.5 Hz, 2H), 1.31 (t, J = 

7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.0, 154.7, 

137.2, 134.4, 134.3, 132.0, 130.3, 130.2, 129.6, 129.5, 127.7, 125.5, 116.4, 70.0, 61.4, 

34.3, 14.4 ppm; IR (thin film) 3060, 2980, 2922, 1760, 1735, 1638, 1582, 1476, 1441, 

1198, 1083, 1058, 916, 750, 691 (cm-1); HRMS-MALDI (m/z) calcd for 

[C19H20NaO3S]+, 351.1025; found, 351.1028. 

 

The synthesis of 3i was followed by Procedure B at 80 oC. 72.9 mg (67%) of pure 3i 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.30-7.24 (m, 4H), 7.12 (dd, J1 = 2.0, J2 = 7.5 Hz, 1H), 7.01 (t, 

J = 7.5 Hz, 1H), 6.98 (dd, J1 = 2.0, J2 = 7.5 Hz, 1H), 6.02-5.90 

(m, 1H), 5.12-5.00 (m, 2H), 4.60 (s, 2H), 4.27 (q, J = 7.0 Hz, 

2H), 3.51 (d, J = 6.5 Hz, 2H), 1.31 (t, J = 7.0 Hz, 3H) ppm; 

13C NMR (125 MHz, CDCl3) δ 168.9, 155.0, 137.0, 134.5, 133.6, 133.3, 132.8, 130.7, 

130.2, 129.6, 125.6, 120.7, 116.4, 70.1, 61.4, 34.2, 14.4 ppm; IR (thin film) 3450, 

3077, 2981, 2925, 1761, 1638, 1573, 1475, 1445, 1371, 1199, 1091, 1057, 1012, 917, 

819, 756, 603 (cm-1); HRMS-MALDI (m/z) calcd for [C19H19ClNaO3S]+, 385.0636; 

found, 385.0634. 

 

The synthesis of 3j was followed by Procedure B at 50 oC. 53.7 mg (50%) of pure 3j 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) 

δ 7.42 (d, J = 9.0 Hz, 2H), 6.98 (dd, J1 = 1.5, J2 = 7.5 Hz, 

1H), 6.94-6.89 (m, 3H), 6.67 (dd, J1 = 1.5, J2 = 8.0 Hz, 

1H), 6.02-5.92 (m, 1H), 5.10-5.02 (m, 2H), 4.63 (s, 2H), 

4.31 (q, J = 7.0 Hz, 2H), 3.82 (s, 3H), 3.48 (d, J = 6.5 Hz, 2H), 1.33 (t, J = 7.0 Hz, 3H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 169.0, 160.3, 152.9, 137.2, 136.2, 133.7, 133.1, 

128.1, 127.2, 125.4, 122.9, 116.3, 115.3, 69.7, 61.4, 55.5, 34.1, 14.4 ppm; IR (thin 
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film) 3454, 3065, 2978, 2936, 2837, 1760, 1592, 1493, 1443, 1288, 1248, 1199, 1173, 

1082, 1057, 1030, 916, 830, 780, 524 (cm-1); HRMS-MALDI (m/z) calcd for 

[C20H22NaO4S]+, 381.1131; found, 381.1133. 

 

The synthesis of 3k was followed by Procedure B at 80 oC. 64.7 mg (53%) of pure 3k 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.58 (dd, J1 =1.5, J2 = 8.0 Hz, 1H), 7.22-7.16 (m, 2H), 7.10-7.06 

(m, 3H), 7.00 (dd, J1 =1.5, J2 = 8.0 Hz, 1H), 6.03-5.94 (m, 1H), 

5.11-5.03 (m, 2H), 4.64 (s, 2H), 4.25 (q, J = 7.0 Hz, 2H), 3.54 (d, 

J = 6.5 Hz, 2H), 1.28 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 

MHz, CDCl3) δ 169.0, 156.3, 137.1, 137.0, 134.9, 133.3, 132.6, 131.2, 131.0, 128.2, 

128.0, 127.1, 125.7, 124.3, 116.4, 70.3, 61.4, 34.4, 14.4 ppm; IR (thin film) 3451, 

3060, 2979, 2919, 1759, 1735, 1638, 1574, 1446, 1427, 1197, 1082, 1056, 1020, 917, 

749, 709, 649 (cm-1); HRMS-MALDI (m/z) calcd for [C19H19BrNaO3S]+, 429.0130; 

found, 429.0128. 

 

The synthesis of 3l was followed by Procedure B at 50 oC. 83.4 mg (78%) of pure 3l 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.27-7.23 (m, 1H), 7.20 (d, J = 8.0 Hz, 2H), 6.91 (dd, J1 =1.5, J2 

= 7.5 Hz, 1H), 6.83 (t, J = 7.5 Hz, 1H), 6.19 (dd, J1 =1.5, J2 = 8.0 

Hz, 1H), 6.03-5.94 (m, 1H), 5.10-5.04 (m, 2H), 4.67 (s, 2H), 

4.34 (q, J = 7.0 Hz, 2H), 3.49 (d, J = 6.5 Hz, 2H), 2.40 (s, 6H), 1.36 (t, J = 7.0 Hz, 3H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 169.1, 152.3, 144.5, 137.2, 133.6, 132.2, 129.7, 

129.3, 128.7, 126.9, 125.5, 123.4, 116.3, 69.4, 61.4, 34.0, 21.9, 14.5 ppm; IR (thin 

film) 3058, 2978, 2922, 2853, 1763, 1736, 1460, 1443, 1378, 1198, 1082, 1056, 915, 

774, 692, 602 (cm-1); HRMS-MALDI (m/z) calcd for [C22H26NaO2S]+, 379.1338; 

found, 379.1336. 

 

The synthesis of 3m was followed by Procedure B at 50 oC. 75.2 mg (75%) of pure 

3m was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.51 (dd, J1 = 1.0, J2 
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= 5.5 Hz, 1H), 7.31 (dd, J1 = 1.0, J2 = 3.5 Hz, 1H), 7.10 (dd, J1 = 

3.5, J2 = 5.5 Hz, 1H), 6.99 (dd, J1 = 2.0, J2 = 7.5 Hz, 1H), 6.95 (t, 

J = 7.5 Hz, 1H), 6.71 (dd, J1 = 2.0, J2 = 7.5 Hz, 1H), 6.02-5.91 

(m, 1H), 5.12-5.00 (m, 2H), 4.62 (s, 2H), 4.32 (q, J = 7.0 Hz, 

2H), 3.47 (d, J = 6.5 Hz, 2H), 1.35 (t, J = 7.0 Hz, 3H) ppm; 13C 

NMR (125 MHz, CDCl3) δ 168.9, 152.5, 137.1, 137.0, 133.6, 133.4, 132.0, 129.7, 

128.4, 128.3, 126.1, 125.6, 116.4, 69.9, 61.5, 33.9, 14.4 ppm; IR (thin film) 2980, 

2918, 1760, 1735, 1638, 1570, 1431, 1290, 1200, 1083, 1056, 917, 849, 728 (cm-1); 

HRMS-MALDI (m/z) calcd for [C17H18NaO3S2]+, 357.0590; found, 357.0593. 

 

The synthesis of 3n was followed by Procedure B at 80 oC. 42.8 mg (40%) of pure 3n 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.31 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.02 (dd, J1 = 

1.5, J2 = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.83 (dd, J1 = 1.5, 

J2 = 7.5 Hz, 1H), 4.83 (s, 1H), 4.61 (s, 3H), 4.28 (q, J = 7.0 Hz, 

2H), 3.44 (s, 2H), 2.35 (s, 3H), 1.74 (s, 3H), 1.32 (t, J = 7.0 Hz, 

3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.1, 154.3, 145.2, 138.2, 133.7, 133.2, 

131.5, 130.4, 129.3, 128.9, 125.3, 120.9, 112.3, 69.9, 61.3, 38.1, 22.8, 21.4, 14.4 ppm; 

IR (thin film) 3073, 2978, 2923, 1762, 1736, 1649, 1492, 1448, 1376, 1282, 1198, 

1086, 1059, 894, 811, 773, 755 (cm-1); HRMS-MALDI (m/z) calcd for 

[C21H24NaO3S]+, 379.1338; found, 379.1340. 

 

The synthesis of 3o was followed by Procedure B at 80 oC. 45.2 mg (40%) of pure 3o 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.30 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.10 (dd, J1 = 

1.5, J2 = 7.5 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 6.89 (dd, J1 = 1.5, 

J2 = 7.5 Hz, 1H), 5.28 (d, J = 1.0 Hz, 1H), 5.16 (d, J = 1.0 Hz, 

1H), 4.69 (s, 2H), 4.29 (q, J = 7.0 Hz, 2H), 3.80 (s, 2H), 2.36 (s, 3H), 1.32 (t, J = 7.0 

Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.1, 154.4, 141.3, 138.4, 133.1, 131.6, 

131.1, 130.5, 130.0, 129.7, 129.2, 125.4, 114.2, 70.0, 61.5, 39.5, 21.4, 14.4 ppm; IR 

3m

S

O CO2Et

S

3n

STol

O CO2Et

Me

3o

STol

O CO2Et

Cl

S13



(thin film) 2961, 2923, 2854, 1760, 1737, 1634, 1492, 1446, 1261, 1198, 1089, 1057, 

1018, 803, 759, 705, 524 (cm-1); HRMS-MALDI (m/z) calcd for [C20H21ClNaO3S]+, 

399.0792; found, 399.0795. 

 

The synthesis of 3p was followed by Procedure B at 50 oC. 83.4 mg (78%) of pure 3p 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.33 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.04 (dd, J1 

= 1.5, J2 = 7.5 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.79 (dd, J1 = 

1.5, J2 = 7.5 Hz, 1H), 6.04-5.97 (m, 1H), 5.05-4.99 (m, 2H), 

4.69 (d, J = 15.5 Hz, 1H), 4.59 (d, J = 15.5 Hz, 1H), 4.30 (q, J 

= 7.0 Hz, 2H), 4.10-4.04 (m, 1H), 2.36 (s, 3H), 1.35-1.31 (m, 6H) ppm; 13C NMR 

(125 MHz, CDCl3) δ 169.0, 153.1, 143.2, 139.4, 138.3, 133.4, 131.7, 130.4, 129.7, 

128.3, 126.3, 125.6, 113.6, 70.1, 61.4, 35.7, 21.4, 20.8, 14.4 ppm; IR (thin film) 3454, 

3061, 2966, 2925, 2870, 1762, 1736, 1492, 1432, 1260, 1198, 1089, 1062, 915, 809, 

758, 700, 603, 505 (cm-1); HRMS-MALDI (m/z) calcd for [C21H24NaO3S]+, 379.1338; 

found, 379.1336. 

 

The synthesis of 3q was followed by Procedure B at 50 oC. 73.4 mg (64%) of pure 3q 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.32 (d, J = 8.0 Hz, 2H), 7.16 (d, J =8.0 Hz, 2H), 7.06 (dd, J1 = 

1.5, J2 = 7.5 Hz, 1H), 6.95 (t, J = 7.5 Hz, 1H), 6.79 (dd, J1 = 1.5, 

J2 = 7.5 Hz, 1H), 5.91-5.86 (m, 1H), 5.59 (dd, J1 = 2.0, J2 = 10.0 

Hz, 1H), 4.66 (d, J = 4.5 Hz, 2H), 4.36-4.26 (m, 2H), 3.96-3.88 

(m, 1H), 2.36 (s, 3H), 2.11-2.00 (m, 3H), 1.79-1.64 (m, 2H), 1.55-1.47 (m, 1H), 1.33 

(t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.0, 153.5, 140.4, 138.2, 

133.3, 131.3, 130.4, 130.3, 129.9, 128.7, 128.4, 127.4, 125.4, 70.3, 61.4, 35.1, 31.8, 

25.1, 21.5, 21.4, 14.4 ppm; IR (thin film) 3019, 2927, 2859, 1762, 1735, 1492, 1430, 

1376, 1284, 1197, 1086, 1059, 910, 810, 782, 758, 725, 636, 603, 512 (cm-1); 

HRMS-MALDI (m/z) calcd for [C23H26NaO3S]+, 405.1495; found, 405.1499. 
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The synthesis of 3r was followed by Procedure B at 80 oC. 67.8 mg (61%) of pure 3r 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.29 (d, J = 8.0 Hz, 2H), 7.20 (dd, J1 = 1.5, J2 = 8.0 Hz, 1H), 

7.15 (d, J = 8.0 Hz, 2H), 6.94 (t, J = 8.0 Hz, 1H), 6.86 (dd, J1 

= 1.5, J2 = 8.0 Hz, 1H), 6.16 (dd, J1 = 10.5, J2 = 17.5, Hz, 1H), 

4.97 (m, 2H), 4.71 (s, 2H), 4.27 (q, J = 7.0 Hz, 2H), 2.35 (s, 

3H), 1.49 (s, 6H), 1.31 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.2, 

154.6, 149.0, 142.5, 138.1, 133.0, 132.2, 130.5, 130.4, 130.3, 129.8, 126.2, 124.8, 

110.6, 69.2, 61.1, 41.2, 28.6, 21.4, 14. 5 ppm; IR (thin film) 3457, 3060, 3022, 2972, 

2921, 2867, 1577, 1492, 1468, 1442, 1233, 1064, 1041, 997, 810, 747, 700, 515 

(cm-1); HRMS-MALDI (m/z) calcd for [C22H26NaO3S]+, 393.1495; found, 393.1498.	  

 

The synthesis of 3s was followed by Procedure B at 80 oC. 86.6 mg (81%) of pure 3s 

was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.31 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.02 (dd, J1 = 

1.5, J 2 = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.80 (dd, J1 = 1.5, 

J 2 = 7.5 Hz, 1H), 5.61-5.53 (m, 1H), 5.52-5.43 (m, 1H), 4.62 (s, 

2H), 4.29 (q, J = 7.0 Hz, 2H), 3.41 (d, J = 6.5 Hz, 2H), 2.35 (s, 

3H), 1.67 (dd, J1 = 1.5, J 2 = 6.0 Hz, 3H), 1.32 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 

MHz, CDCl3) δ 169.1, 153.8, 138.2, 135.0, 133.3, 131.5, 130.4, 130.0, 129.6, 128.8, 

128.6, 126.9, 125.4, 69.9, 61.4, 33.0, 21.4, 18.1, 14.4 ppm; IR (thin film) 2979, 1919, 

1762, 1735, 1492, 1444, 1378, 1284, 1140, 1199, 1084, 969, 810, 761 (cm-1); 

HRMS-MALDI (m/z) calcd for [C21H24NaO3S]+, 379.1338; found, 379.1333. 

 

General procedure for the reaction of 2a with various aryne precursors 

(Procedure C): A mixture of p-tolyl allyl sulfoxide (2a) (54.0 mg, 0.3 mmol, 1.0 

equiv), aryne precursor 1 (0.6 mmol, 2.0 equiv), ethyl bromoacetate (100.2 mg, 0.6 

mmol, 2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 4.0 equiv) in anhydrous MeCN (20 

mL) was stirred at 50 oC or 80 oC for 12 h. The volatiles were removed directly on 

rotary evaporator. Flash column chromatography (pet ether:EtOAc = 20:1) afforded 
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product 3. 

 

The synthesis of 3t from 1b was followed by Procedure C at 80 oC. 52.2 mg (45%) of 

pure 3t was isolated as a colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.13 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.5 Hz, 2H), 

6.69 (s, 1H), 5.97-5.87 (m, 3H), 5.08-5.00 (m, 2H), 4.52 (s, 

2H), 4.23 (q, J = 7.5 Hz, 2H), 3.43 (d, J = 6.5 Hz, 2H), 2.28 

(s, 3H), 1.28 (t, J = 7.5 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.0, 151.4, 

148.8, 144.3, 137.4, 136.2, 132.1, 130.0, 128.3, 126.6, 116.2, 110.4, 108.5, 101.9, 

71.1, 61.3, 34.4, 21.2, 14.4 ppm; IR (thin film) 3419, 2978, 2917, 1760, 1735, 1638, 

1492, 1460, 1411, 1264, 1202, 1086, 1048, 948 (cm-1); HRMS-MALDI (m/z) calcd 

for [C21H22NaO5S]+, 409.1080; found, 409.1084. 

 

The synthesis of 3u from 1c was followed by Procedure C at 50 oC. 67.8 mg (61%) of 

pure 3u was isolated as a colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.06 (s, 1H), 7.00 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 

8.0 Hz, 2H), 6.03-5.92 (m, 1H), 5.10-5.01 (m, 2H), 4.51 (s, 

2H), 4.22 (q, J = 7.0 Hz, 2H), 3.47 (d, J = 6.5 Hz, 2H), 2.29 

(s, 3H), 2.26 (s, 3H), 2.25 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, 

CDCl3) δ 169.3, 156.7, 141.3, 137.6, 135.0, 134.6, 134.1, 133.2, 131.2, 130.0, 126.7, 

125.8, 116.0, 70.8, 61.2, 34.5, 21.1, 20.9, 17.9, 14.4 ppm; IR (thin film) 3075, 2978, 

2921, 1761, 1735, 1491, 1446, 1268, 1199, 1097, 1044, 914, 804, 626 (cm-1); 

HRMS-MALDI (m/z) calcd for [C22H26NaO3S]+, 393.1495; found, 393.1494. 

 

The synthesis of 3v and 3v’ from 1d was followed by Procedure C at 50 oC. 77.0 mg 

(72%) of 3v and 3v’ was isolated as a mixture of colorless oil, where the ratio of 3v 

and 3v’ is 1:2.6 based on 1H NMR integration. 1H NMR (500 MHz, CDCl3) δ 7.29 (d, 

3v:3v' = 1:2.63v
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J = 8.0 Hz, 2H), 7.18-7.12 (m, 4.6H), 7.06 (d, J = 8.0 Hz, 2.6H), 7.00 (d, J = 8.0 Hz, 

5.2H), 6.92 (d, J = 8.0 Hz, 5.2H), 6.84 (d, J = 1.5 Hz, 1H), 6.68 (d, J = 1.5 Hz, 1H), 

6.03-5.90 (m, 3.6H), 5.10-4.98 (m, 7.2H), 4.59 (s, 2H), 4.56 (s, 5.2H), 4.28 (q, J = 7.0 

Hz, 2H), 4.22 (q, J = 7.0 Hz, 5.2H), 3.50 (d, J = 6.5 Hz, 5.2H), 3.46 (d, J = 6.5 Hz, 

2H), 2.35 (s, 3H), 2.32 (s, 7.8H), 2.26 (s, 7.8H), 2.17 (s, 3H), 1.31 (t, J = 7.0 Hz, 3H), 

1.26 (t, J = 7.0 Hz, 7.8H) ppm; IR (thin film) 3454, 2963, 2922, 2856, 1762, 1736, 

1491, 1452, 1262, 1199, 1084, 915, 804, 701 (cm-1); HRMS-MALDI (m/z) calcd for 

[C21H24NaO3S]+, 379.1338; found, 379.1341. 

 

The synthesis of 3w and 3w’ from 1e was followed by Procedure C at 80 oC. 53.6 mg 

(48%) of 3w and 3w’ was isolated as a mixture of colorless oil, where the ratio of 3w 

and 3w’ is 1.2:1 based on 1H NMR integration. 1H NMR (500 MHz, CDCl3) δ 7.33 (d, 

J = 8.0 Hz, 2.4H), 7.21 (d, J = 8.5 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2.4H), 6.99 (s, 4H), 

6.73 (d, J = 8.5 Hz, 1H), 6.53 (d, J = 3.0 Hz, 1.2H), 6.31 (d, J = 3.0 Hz, 1.2H), 

6.04-5.87 (m, 2.2H), 5.15-4.93 (m, 4.4H), 4.58 (s, 2H), 4.57 (s, 2.4H), 4.29 (q, J = 7.0 

Hz, 2.4H), 4.22 (q, J = 7.0 Hz, 2H), 3.76 (s, 3H), 3.62 (s, 3.6H), 3.49-3.43 (m, 4.4H), 

2.35 (s, 3.6H), 2.26 (s, 3H), 1.32 (t, J = 7.0 Hz, 3.6H), 1.26 (t, J = 7.0 Hz, 3H) ppm; 

IR (thin film) 3455, 3076, 2979, 2935, 2840, 1760, 1735, 1590, 1892, 1463, 1434, 

1195, 1092, 1070, 916, 853, 805 (cm-1); HRMS-MALDI (m/z) calcd for 

[C21H24NaO4S]+, 395.1288; found, 395.1291. 

 

The synthesis of 3x from 1f was followed by Procedure C at 50 oC. 72.6 mg (65%) of 

pure 3x was isolated as a colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.15-7.11 (m, 3H), 7.06 (d, J = 8.0 Hz, 2H), 6.65 (d, J 

= 8.5 Hz, 1H), 6.04-5.91 (m, 1H), 4.99-4.89 (m, 2H), 4.59 (s, 

2H), 4.25 (q, J = 7.0 Hz, 2H), 3.81 (s, 3H), 3.52 (d, J = 6.0 Hz, 

2H), 2.30 (s, 3H), 1.29 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 169.1, 

3w:3w' = 1.2:13w
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158.9, 157.2, 137.1, 136.6, 133.3, 133.2, 130.1, 129.9, 123.3, 119.7, 114.8, 108.0, 

70.6, 61.3, 56.05, 28.7, 21.2, 14.4 ppm; IR (thin film) 2955, 2840, 2352, 1762, 1583, 

1497, 1465, 1430, 1268, 1127, 1085, 842, 753, 665 (cm-1); HRMS-MALDI (m/z) 

calcd for [C21H24NaO4S]+, 395.1288; found, 395.1285. 

 

The synthesis of 3y from 1g was followed by Procedure C at 50 oC. 107.1 mg (82%) 

of pure 3y was isolated as a colorless oil. 1H NMR (500 

MHz, CDCl3) δ 7.37 (s, 1H), 7.01 (d, J = 8.0 Hz, 2H), 6.91 

(d, J = 8.0 Hz, 2H), 6.01-5.91 (m, 1H), 5.05 (dq, J1 = 1.5, J2 

= 10.0 Hz, 1H), 4.96 (dq, J1 = 1.5, J2 = 17.0 Hz, 1H), 4.57 (s, 

2H), 4.22 (q, J = 7.0 Hz, 2H), 3.69 (d, J = 6.0 Hz, 2H), 2.29 

(s, 3H), 2.27 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 

168.8, 159.7, 144.2, 135.7, 135.6, 133.3, 132.3, 131.3, 130.1, 127.1, 127.0, 125.8, 

115.8, 71.0, 61.3, 34.9, 21.2, 21.1, 14.4 ppm; IR (thin film) 3077, 2979, 2921, 1761, 

1736, 1491, 1435, 1202, 1148, 1081, 1032, 917, 803, 614 (cm-1); HRMS-MALDI 

(m/z) calcd for [C21H23BrNaO3S]+, 457.0443; found, 457.0445. 

 

The synthesis of 3z from 1h was followed by Procedure C at 50 oC. 70.4 mg (60%) of 

pure 3z was isolated as a colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.18 (s, 1H), 7.01 (d, J = 8.0 Hz, 2H), 6.91 (d, J = 

8.0 Hz, 2H), 6.03-5.90 (m, 1H), 5.03 (dq, J1 = 1.5, J2 = 10.0 

Hz, 1H), 4.95 (dq, J1 = 1.5, J2 = 17.0 Hz, 1H), 4.57 (s, 2H), 

4.23 (q, J = 7.0 Hz, 2H), 3.66 (d, J = 6.0 Hz, 2H), 2.30 (s, 

3H), 2.27 (s, 3H), 1.26 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 168.8, 

159.9, 143.9, 136.5, 135.7, 135.5, 133.5, 130.6, 130.0, 128.0, 126.9, 125.0, 115.7, 

71.0, 61.3, 32.3, 21.2, 21.1, 14.4 ppm; IR (thin film) 3455, 3077, 2979, 2922, 2856, 

1762, 1736, 1492, 1436, 1383, 1263, 1202, 1150, 1085, 1033, 920, 804, 672, 615 

(cm-1); HRMS-MALDI (m/z) calcd for [C21H23ClNaO3S]+, 413.0949; found, 

413.0947. 
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The synthesis of 3v from 1i was followed by Procedure C at 80 oC. 90.9 mg (85%) of 

pure 3v was isolated as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.29 (d, J = 8.0 

Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.85 (d, J = 2.0 Hz, 1H), 

6.69 (d, J = 2.0 Hz, 1H), 6.02-5.91 (m, 1H), 5.11-5.03 (m, 

2H), 4.60 (s, 2H), 4.28 (q, J = 7.5 Hz, 2H), 3.46 (d, J = 6.5 

Hz, 2H), 2.35 (s, 3H), 2.17 (s, 3H), 1.32 (t, J = 7.0 Hz, 3H) 

ppm; 13C NMR (125 MHz, CDCl3) δ 169.1, 152.1, 137.9, 137.3, 135.0, 133.6, 132.6, 

130.5, 130.4, 130.3, 129.9, 129.8, 116.2, 70.0, 61.3, 34.2, 21.3, 21.0, 14.4 ppm; IR 

(thin film) 2924, 2856, 1763, 1736, 1492, 1459, 1378, 1265, 1195, 1066, 914, 839, 

810 (cm-1); HRMS-MALDI (m/z) calcd for [C21H24NaO3S]+, 379.1338; found, 

379.1341. 

 

Synthetic application of the products: 

 

Preparation of phenol 4: To a solution of compound 3a (400 mg, 1.2 mmol) in 

anhydrous DCM (15 mL) at 0 oC was added BBr3 (165 µL, 1.8 mmol, 

1.5 equiv). The resulting mixture was stirred at room temperature 

overnight, and then cooled to 0 oC. 10% aq NaHCO3 (10 mL) and 

DCM (30 mL) was added to the reaction. The organic layer was 

washed with brine (10 mL), dried over Na2SO4, filtered, and 

concentrated. Flash column chromatography (pet ether:EtOAc = 40:1) afforded 270 

mg (90%) of pure phenol 4 as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.42 (dd, 

J1 = 1.5, J2 = 7.5 Hz, 1H), 7.24 (dd, J1 = 1.0, J2 = 7.5 Hz, 1H), 7.09-7.01 (m, 4H), 6.90 

(t, J = 7.5 Hz, 1H), 6.71 (s, 1H), 6.16-5.91 (m, 1H), 5.14-5.11 (m, 1H), 5.10 (t, J = 1.5 

Hz, 1H), 3.47 (d, J = 6.5 Hz, 2H), 2.30 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 

155.1, 136.5, 136.4, 134.7, 132.6, 132.5, 130.2, 127.7, 127.1, 121.0, 117.1, 116.1, 

34.9, 21.1 ppm; IR (thin film) 3417, 3075, 3020, 2976, 2919, 1639, 1583, 1492, 1442, 
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1335, 1233, 1199, 1082, 913, 803, 744, 541 (cm-1); HRMS-MALDI (m/z) calcd for 

[C16H16OS]+, 256.0922; found, 256.0924. 

 

Synthesis of benzofuran 5 from phenol 4: To a solution of phenol 4 (130 mg, 0.53 

mmol) in anhydrous MeCN (20 mL) at room temperature was added I2 

(265 mg, 1.05 mmol, 2.0 equiv). The resulting solution was stirred for 

30 minutes. Anhydrous DCM (10 mL) was added, followed by the 

addition of DBU (3.0 mL). This reaction mixture was allowed to stirr at 

room temperature for 6 h. Brine (10 mL) was added, and the resulting mixture was 

extracted with DCM (15 mL x 3). The combined organic layer was washed with 

Na2S2O3 (5 mL), dried over Na2SO4, filtered, and concentrated. Flash column 

chromatography (pet ether:EtOAc = 20:1) afforded 109 mg (81%) of pure benzofuran 

5 as a pale yellow oil. 1H NMR (500 MHz, CDCl3) δ 7.37 (dd, J1 =1.0, J2 = 7.5 Hz, 

1H), 7.30 (d, J = 8.0 Hz, 2H), 7.13-7.07 (m, 3H), 7.04 (d, J = 7.5 Hz, 1H), 6.40 (d, J = 

1.0 Hz, 1H), 2.47 (d, J = 1.0 Hz, 3H), 2.33 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) 

δ 156.2, 153.5, 137.4, 131.6, 130.9, 130.1, 129.7, 126.2, 123.4, 119.5, 118.2, 103.2, 

21.3, 14.4 ppm; IR (thin film) 3415, 3020, 2919, 2865, 1604, 1491, 1415, 1300, 1257, 

1223, 1174, 1143, 1049, 929, 804, 740, 614 (cm-1); HRMS-MALDI (m/z) calcd for 

[C16H14NaOS]+, 277.0658; found, 277.0658. 

 
Oxidation of thioether 3e to sulfone 6: To a solution of thioether 3e (300 mg, 0.9 

mmol) in anhydrous ethanol (10 mL) at room temperature was added H2O2 (30% in 

water, 450 µL, 4.5 mmol, 5.0 equiv). The reaction was stirred at 50 oC for 24 h. The 
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volatiles were removed directly on rotary evaporator to afford a crude oil. Flash 

column chromatography (pet ether:EtOAc = 10:1) gave 263 mg 

(80%) of sulfone 6 as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 

7.78 (dd, J1 =2.0, J2 = 7.5 Hz, 1H), 7.52-7.47 (m, 4H), 7.45-7.38 (m, 

3H), 7.31 (dd, J1 =2.0, J2 = 7.5 Hz, 1H), 7.29 (t, J = 7.5 Hz, 1H), 7.17 

(d, J = 8.0 Hz, 2H), 5.97-5.86 (m, 1H), 5.15-5.09 (m, 2H), 5.05 (dq, J1 =1.5, J2 = 17.0 

Hz, 1H), 4.89 (d, J = 10.5 Hz, 1H), 3.43 (d, J = 6.3 Hz, 2H), 2.32 (s, 3H) ppm; 13C 

NMR (125 MHz, CDCl3) δ 153.4, 142.6, 141.5, 139.8, 136.6, 136.4, 134.2, 133.7, 

130.0, 128.9, 128.7, 128.4, 125.8, 125.3, 123.3, 117.0, 76.9, 33.5, 21.6 ppm; IR (thin 

film) 2924, 2853, 1639, 1493, 1457, 1435, 1376, 1255, 1204, 1084, 1049, 809, 759, 

699, 621 (cm-1); HRMS-MALDI (m/z) calcd for [C23H22LiO3S]+, 385.1444; found, 

385.1438. 

 

Cross coupling of sulfone 6 with Grignard reagent: The Ni-catalyst was 

synthesized according to the preparation reported by Enthaler 

and the reaction condition followed the standard procedure 

developed in the same literature.1 To a suspension of sulfone 6 

(30 mg, 0.08 mmol), t-BuONa (11.4 mg, 0.12 mmol, 1.5 equiv), 

and Ni-catalyst (10 mg, 0.016 mmol, 20 mol%) in anhydrous 

THF (5 mL) at room temperature was added slowly a solution of Grignard reagent 

prepared from 1-bromo-4-methoxybenzene (75 mg, 0.4 mmol, 5 equiv) and 

magnesium powder (9.5 mg, 0.4 mmol, 5 equiv) in THF. The resulting mixture was 

stirred at room temperature for 3 h. Water (10 mL) was added and the mixture was 

extracted with ether (10 mL x 3). The organic layer was washed with brine (5 mL), 

dried over Na2SO4, filtered, and concentrated. Flash column chromatography (pet 

ether:EtOAc = 40:1) afforded 13.6 mg (54%) of pure product 7 as a colorless oil. 1H 

NMR (500 MHz, CDCl3) δ 7.57 (d, J = 8.5 Hz, 2H), 7.30-7.27 (m, 3H), 7.23 (dd, J1 = 

2.0, J2 = 7.5 Hz, 1H), 7.18 (dd, J1 = 2.0, J2 = 7.5 Hz, 1H), 7.16-7.13 (m, 3H), 6.96 (d, J 

= 8.5 Hz, 2H), 6.05-5.95 (m, 1H), 5.12 -5.04 (m, 2H), 4.42 (s, 2H), 3.86 (s, 3H), 3.48 

(d, J = 6.5 Hz, 2H) ppm; 13C NMR (125 MHz, CDCl3) δ 159.1, 154.4, 137.6, 137.5, 
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135.2, 134.2, 131.5, 130.6, 129.5, 129.4, 128.5, 128.1, 124.5, 116.1, 114.0, 74.8, 55.5, 

34.5 ppm; IR (thin film) 3063, 3031, 2925, 2852, 1609, 1514, 1453, 1374, 1247, 1203, 

1117, 1033, 833, 761, 697 (cm-1); HRMS-MALDI (m/z) calcd for [C23H22NaO2]+, 

353.1512; found, 353.1511. 

 

Crossover experiment: A mixture of aryl allyl sulfoxides 2p (30.0 mg, 0.15 mmol), 

2i (24.9 mg, 0.15 mmol), aryne precursor 1a (178.9 mg, 0.6 mmol), ethyl 

bromoacetate (100.2 mg, 0.6 mmol), and CsF (182.3 mg, 1.2 mmol) in anhydrous 

MeCN (20 mL) was stirred at 50 oC for 12 h. The volatiles were removed directly on 

rotary evaporator. Flash column chromatography (pet ether:EtOAc = 20:1) afforded 

products 3p (40.0 mg, 73% from 2p) and 3i (31.5 mg, 75% from 2i). 

 

The preparation of compound 8: To a solution of 4-methyl thiophene (100 mg, 0.8 

mmol, 1.0 equiv) in anhydrous DCM (10 mL) at room 

temperature was added N-chlorosuccinimide (NCS) 

(215 mg, 1.6 mmol, 2.0 equiv) in one potion. The 

reaction was stirred at room temperature for 4 h. A premade solution of crotyl alcohol 

(116 mg, 1.6 mmol) and nBuLi (2.5 M in hexane, 0.97 mL, 2.4 mmol) in THF (10 mL) 

at -20 oC was transferred to this solution via a cannula. The resulting solution was 

stirred at room temperature for 14 h. Water (2 mL) was added and the aqueous layer 

was extracted with DCM (15 mL x3). The combined organic layer was dried over 

Na2SO4, filtered, and concentrated. Flash column chromatography (pet ether:EtOAc = 

8:1) afforded 90 mg (46%) of pure 8 as a colorless oil, which is a mixture of isomers 

in 1:1 ratio. 1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 8.0 Hz, 4H), 7.33 (d, J = 8.0 

Hz, 4H), 5.79-5.69 (m, 2H), 5.57-5.48 (m, 2H), 4.49-4.39 (m, 2H), 4.12-4.03 (m, 2H), 

2.42 (s, 6H), 1.70-1.69 (m, 3H), 1.69-1.68 (m, 3H) ppm; 13C NMR (125 MHz, CDCl3) 

δ 142.9, 142.1, 132.7, 129.9, 125.6, 125.5, 65.5, 21.7, 18.0 ppm; IR (thin film) 3462, 

3022, 2922, 2874, 1735, 1596, 1450, 1133, 1081, 966, 900, 812, 712, 626, 511 (cm-1); 

HRMS-MALDI (m/z) calcd for [C11H14NaOS]+, 217.0658; found, 217.0659.  
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Preparation of sulfoxide 10: The preparation of 10 was followed by Procedure A. 

705 mg (87% conversion based on 850 mg recovered thioether) 

of pure 10 was isolated as a white solid. Mp: 109-111 oC; 1H 

NMR (500 MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 2H), 7.35-7.22 (m, 

7H), 6.44 (d, J = 16.0 Hz, 1H), 6.04-5.93 (m, 1H), 3.67 (d, J = 8.0 Hz, 2H), 2.41 (s, 

3H) ppm; 13C NMR (125 MHz, CDCl3) δ 141.8, 139.9, 138.5, 136.3, 129.9, 128.8, 

128.3, 126.7, 124.6, 116.5, 61.0, 21.6 ppm; IR (thin film) 3854, 3749, 3649, 3567, 

2958, 1869, 1734, 1651, 1558, 1491, 1448, 1406, 1086, 1037, 968, 813, 750, 692, 503 

(cm-1); HRMS-MALDI (m/z) calcd for [C16H16NaOS]+, 279.0814; found, 279.0819. 

 

Formation of product 11 from 10: A mixture of p-tolyl cinnamyl sulfoxide (10) 

(77.0 mg, 0.3 mmol, 1.0 equiv), aryne precursor 1a (178.9 mg, 

0.6 mmol, 2.0 equiv), ethyl bromoacetate (100.2 mg, 0.6 mmol, 

2.0 equiv), and CsF (182.3 mg, 1.2 mmol, 4.0 equiv) in 

anhydrous MeCN (20 mL) was stirred at 50 oC for 12 h. The volatiles were removed 

directly on rotary evaporator. Flash column chromatography (pet ether:EtOAc = 20:1) 

afforded 69.8 mg (70%) of pure product 11 as a colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.38 (d, J = 7.5 Hz, 2H), 7.36-7.30 (m, 4H), 7.27-7.25 (m, 1H), 7.15 (d, J = 

8.0 Hz, 3H), 6.99 (dd, J1 =1.5, J2 = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.85 (t, J = 

7.5 Hz, 1H), 6.69 (d, J = 16.0 Hz, 1H), 6.40-6.30 (m, 1H), 4.77 (dd, J1 =1.5, J2 = 5.5 

Hz, 2H), 2.35 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 155.9, 137.9, 136.8, 133.1, 

132.9, 132.0, 130.4, 130.3, 128.8, 128.0, 127.6, 126.8, 126.7, 124.5, 121.7, 112.7, 

69.5, 21.4 ppm; IR (thin film) 2922, 2853, 1637, 1578, 1492, 1474, 1443, 1277, 1237, 

1066, 1015, 810, 745, 692, 515 (cm-1); HRMS-MALDI (m/z) calcd for 

[C22H20NaOS]+, 355.1127; found, 355.1129. 

 

The preparation of compound 9 from 11:  
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Hydrolysis of compound 11: To a solution of compound 11 (800 mg, 2.4 mmol) in 

anhydrous DCM (15 mL) at 0 oC was added BBr3 (340 µL, 3.6 mmol, 

1.5 equiv). The resulting mixture was stirred at room temperature 

overnight, and then cooled to 0 oC. 10% aq NaHCO3 (10 mL) and DCM (30 mL) was 

added to the reaction. The organic layer was washed with brine (10 mL), dried over 

Na2SO4, filtered, and concentrated. Flash column chromatography (pet ether:EtOAc = 

40:1) afforded 446 mg (86%) of pure phenol as a colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.53 (d, J = 7.5 Hz, 1H), 7.36 (t, J = 7.0 Hz, 1H), 7.08-7.01 (m, 5H), 6.94 (t, 

J = 7.0 Hz, 1H), 6.55 (s, 1H), 2.29 (s, 3H). The 1H NMR of this compound is 

consistent with the previously reported data. 

   

Preparation of ether 9: To a solution of the above phenol (400 mg, 1.8 mmol) in 

anhydrous THF (20 mL) at 0 oC was added NaH (60% in mineral 

oil, 111 mg, 2.8 mmol, 1.5 equiv). The mixture was stirred at 0 oC 

for 15 minutes and then allyl bromide (180 µL, 2.2 mmol, 1.2 

equiv) was added. The resulting mixture was stirred at room temperature overnight. 

Ethereal workup. Flash column chromatography (pet ether) afforded 404 mg (88%) of 

pure ether 9 as a colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.34 (d, J = 8.0 Hz, 2H), 

7.18-7.11 (m, 3H), 6.93 (dd, J1 = 8.0, J2 = 1.5 Hz, 1H), 6.86 (dd, J1 = 8.0, J2 = 1.0 Hz, 

1H), 6.86-6.80 (m, 1H), 6.07-5.97 (m, 1H), 5.48-5.38 (m, 1H), 5.28-5.24 (m, 1H), 

4.63-4.59 (m, 2H), 2.36 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 155.6, 138.0, 

133.5, 133.4, 133.2, 130.3, 129.9, 127.3, 126.8, 121.6, 117.7, 112.4, 69.6, 21.4 ppm; 

IR (thin film) 2560, 2924, 2854, 1578, 1492, 1473, 1443, 1261, 1238, 1095, 1065, 

1019, 926, 805, 747, 696 (cm-1); HRMS-MALDI (m/z) calcd for [C16H16NaOS]+, 

279.0814; found, 279.0819. 
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The reaction of ether 9 and 2p with benzyne in the presence of ethyl 

bromoacetate: A mixture of ether 9 (77.6 mg, 0.3 mmol), sulfoxide 2p (58.2 mg, 0.3 

mmol), aryne precursor 1a (178.9 mg, 0.6 mmol), ethyl bromoacetate (100.2 mg, 0.6 

mmol), and CsF (182.3 mg, 1.2 mmol) in anhydrous MeCN (20 mL) was stirred at 50 
oC for 12 h. The volatiles were removed directly on rotary evaporator. Flash column 

chromatography (pet ether:EtOAc = 20:1) afforded 74.9 mg (70% based on 2p) of 

product 3p with recovery of 73.7 mg (95%) of ether 9. 

 
Hydrolysis of 3a: A mixture of 3a (250 mg, 0.73 mmol) and 10% aq NaOH (3 mL) in 

MeOH (15 mL) was stirred overnight. 10% HCl was added until the pH is below 1.0. 

The resulting mixture was extracted with DCM (20 mL x3). The combined organic 

layer was dried over Na2SO4, filtered, and concentrated. Flash column 

chromatography (pure EtOAc) afforded 200 mg (87%) of pure 3as as a white solid. 

Mp: 97-99 oC; 1H NMR (500 MHz, CDCl3) δ 7.28 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 

Hz, 2H), 7.08 (dd, J1 =1.5, J2 = 7.5 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 7.5 

Hz, 1H), 6.03-5.92 (m, 1H), 5.11 (dd, J1 =1.5, J2 = 10.0 Hz, 1H), 5.05 (dd, J1 =1.5, J2 

= 17.0 Hz, 1H), 4.67 (s, 2H), 3.46 (d, J = 6.0 Hz, 2H), 2.35 (s, 3H) ppm; 13C NMR 

(125 MHz, CDCl3) δ 153.5, 138.4, 136.8, 133.8, 132.6, 130.9, 130.5, 129.8, 129.7, 

129.6, 129.5, 125.9, 116.7, 69.5, 34.4, 21.4 ppm; IR (thin film) 2921, 1740, 1639, 

1491, 1449, 1425, 1246, 1214, 1083, 1058, 921, 806, 775, 676, 507 (cm-1); 

HRMS-MALDI (m/z) calcd for [C18H18NaO3S]+, 337.0869; found, 337.0870. 

 
Reference: 
 (1) Someya, C. I.; Weidauer, M.; Enthaler, S. Catal. Lett. 2013, 143, 424-431. 
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Figure S1. Thermal ellipsoid plot (50% probability) of X-ray structure of 3as. 
Hydrogens on carbon are omitted for clarity. Carbon, gray; oxygen, red; sulfur, 
yellow. CCDC of 3as: 1477432. 
 

Table S1. The crystal parameters of 3as 
 
Empirical formula C18H18O3S 
Formula weight 
T/ K 

314.38 
293(2) 

Crystal system Triclinic 
Crystal size (mm) 0.10×0.05×0.05 
Space group P-1 
a / Å 6.1119(3) 
b / Å 10.4100(11) 
c/ Å 13.6296(15) 
α/ º 76.812(9) 
β/ º 81.978(7) 
γ/ º 82.825(7) 
V / Å3 832.15(13) 
Z 
Dc /g cm-3 

µ /mm-1 

2 
1.255 
0.204 

θ range/ º 3.38-29.13 
F(000) 332 
Reflections collected 6110 
Independent reflections 3759 
GOF (F2) 1.048 
Data/restraints/parameters 3759 / 0 / 203 
R [I>2σ (I)] 
 

R1 =0.0554 
wR2 = 0.1335 

R (all data) 
 

R1 =0.0817 
wR2 = 0.1576 
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Table S2. Bond lengths [Å] and angles [deg] for 3as 
_____________________________________________________________________ 
S(1)-C(12)                 1.769(2)  
S(1)-C(6)                  1.774(2)  
O(1)-C(5)                 1.395(2)  
O(1)-C(10)                1.411(3)  
C(5)-C(4)                  1.390(3)  
C(5)-C(6)                  1.393(3)  
C(6)-C(7)                  1.385(3)  
O(3)-C(11)                1.304(3)  
O(2)-C(11)                1.202(3)  
C(12)-C(17)                1.382(3)  
C(12)-C(13)                1.383(4)  
C(7)-C(8)                  1.382(3)  

C(8)-C(9)                  1.371(3)  
C(4)-C(9)                  1.394(3)  
C(4)-C(3)                  1.516(3)  
C(11)-C(10)                1.494(3)  
C(14)-C(15)                1.378(3)  
C(14)-C(13)                1.379(3)  
C(15)-C(16)                1.382(4)  
C(15)-C(18)                1.500(4)  
C(17)-C(16)                1.376(4)  
C(3)-C(2)                  1.436(5)  
C(2)-C(1)                  1.288(5)

C(12)-S(1)-C(6)          103.77(10)  
C(5)-O(1)-C(10)          114.00(17)  
C(4)-C(5)-C(6)           121.64(19)  
C(4)-C(5)-O(1)             120.2(2)  
C(6)-C(5)-O(1)           118.04(19)  
C(7)-C(6)-C(5)             119.3(2)  
C(7)-C(6)-S(1)           125.13(17)  
C(5)-C(6)-S(1)           115.59(16)  
C(17)-C(12)-C(13)          118.7(2)  
C(17)-C(12)-S(1)           120.6(2)  
C(13)-C(12)-S(1)         120.43(19)  
C(8)-C(7)-C(6)             119.7(2)  
C(9)-C(8)-C(7)             120.4(2)  
C(5)-C(4)-C(9)             117.4(2)  
C(5)-C(4)-C(3)             122.0(2) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

C(9)-C(4)-C(3)             120.5(2)  
O(2)-C(11)-O(3)            123.8(2)  
O(2)-C(11)-C(10)           124.2(2)  
O(3)-C(11)-C(10)           112.0(2)  
C(15)-C(14)-C(13)          122.1(2)  
C(14)-C(15)-C(16)          117.2(2)  
C(14)-C(15)-C(18)          121.8(3)  
C(16)-C(15)-C(18)          121.0(2)  
O(1)-C(10)-C(11)         109.16(19)  
C(14)-C(13)-C(12)          119.9(2)  
C(16)-C(17)-C(12)          120.4(2)  
C(8)-C(9)-C(4)             121.5(2)  
C(17)-C(16)-C(15)          121.7(2)  
C(2)-C(3)-C(4)             113.7(2) 
C(1)-C(2)-C(3)             129.1(4)  
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