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General Information.  

    Under otherwise noted, materials were obtained from commercial suppliers and used 
without further purification. Thin layer chromatography (TLC) was performed using silica gel 
60 F254 and visualized using UV light. Column chromatography was performed with silica gel 
(mesh 300-400). 1H NMR and 13C NMR spectra were recorded on a Bruker Avance 500 MHz 
spectrometer in CDCl3 with Me4Si as an internal standard. Data were reported as follows: 
chemical shift in ppm (δ), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = 
broad and m = multiplet), coupling constant in Herts (Hz) and integration. Infrared spectra 
(IR) were obtained on 370 FT-IR spectrometer; absorptions were reported in cm-1. Mass 
spectra (MS) and high resolution mass spectra (HRMS) were obtained from the Zhejiang 
University of Technology Mass Spectrometry Facility. 
 
General procedure 
  To a reactor containing alkyne (1.0 mmol), phthalimide (2.9 mg, 0.02 mmol), PPh3AuNO3 
(5.2 mg, 0.01 mmol), and dichlorethane (2 mL) was added sulfonic acid (0.5 mmol) under 
nitrogen. The mixture was then sealed and stirred at 100℃ for 4 hours. It was quenched with 
saturated solution of NaHCO3 and then extracted with ethyl acetate (3 x 10 mL). The organic 
layer was washed with brine, dried over Na2SO4 and concentrated in vacuo. The residue was 
purified by flash chromatography to give the pure product. 
 
(1) 1-(4-butylphenyl)vinyl 4-methylbenzenesulfonate (3a): a yellow oil. TLC (SiO2; 
Petroleum-Ethyl acetate = 20 : 1): Rf = 0.35. 

C4H9

O
Ts

 
1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 
8.0 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 5.33 (d, J = 3.0 Hz, 1H), 5.01 (d, J = 3.0 Hz, 1H), 2.56 
(t, J = 7.5 Hz, 2H), 2.39 (s, 3H), 1.51-1.57 (m, 2H), 1.28-1.35 (m, 2H), 0.91 (t, J = 7.5 Hz, 3H) 
ppm; 13C NMR (125 MHz, CDCl3) δ 152.9, 145.0, 144.3, 133.0, 130.7, 129.5, 128.4, 1 , 
125.3, 102.0, 35.2, 33.4, 22.2, 21.6, 13.9 ppm; IR (KBr) 2956, 2858, 1681, 1634, 1606, 1510, 
1456, 1374, 1177, 1085, 941, 732 cm-1. HRMS (EI) for C19H22O3S: calcd. 330.1290, found 
330.1298. 

28.3

 
(2) 1-phenylvinyl methanesulfonate (3b): a pale yellow oil. TLC (SiO2; Petroleum-Ethyl 
acetate = 5 : 1): Rf = 0.35. 

H3CO2SO  
1H NMR (500 MHz, CDCl3) δ 7.58-7.56 (m, 2H), 7.39-7.38 (m, 3H), 5.54 (d, J = 3.0 Hz, 1H), 
5.37 (d, J = 3.0 Hz, 1H), 3.09 (s, 3H) ppm; 13C NMR (125MHz, CDCl3) δ 152.4, 133.2, 129.8, 
128.8, 125.4, 103.3, 38.2 ppm; IR (KBr): 2938, 1637, 1577, 1493, 1447, 1364, 1177, 1074, 
940 cm-1. HRMS (EI) for C9H10O3S: calcd. 198.0351, found 198.0352. 
 
(3) 1-(4-ethylphenyl)vinyl methanesulfonate (3c): a pale yellow oil. TLC (SiO2; Petroleum--
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Ethyl acetate = 5 : 1): Rf = 0.5. 

C2H5
OSO2CH3  

1H NMR (500 MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 5.48 (d, J = 
3.0 Hz, 1H), 5.31 (d, J = 3.0 Hz, 1H), 3.08 (s, 3H), 2.65 (q, J = 7.5 Hz, 2H), 1.23 (t, J = 7.5 
Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 152.6, 146.2, 130.7, 128.2, 125.5, 102.4, 38.1, 
28.6, 15.3 ppm; IR (KBr) 2967, 2931, 1680, 1606, 1568, 1496, 1361, 1177, 1085, 941, 779 
cm-1. HRMS (EI) for C11H14O3S: calcd. 226.0664, found 226.0657. 
 
(4) 1-(4-butylphenyl)vinyl methanesulfonate (3d) : a pale yellow oil. TLC (SiO2; 
Petroleum-Ethyl acetate = 5 : 1): Rf = 0.37. 

C4H9
OSO2CH3  

1H NMR (500 MHz, CDCl3) δ 7.48 (d, J = 8.5 Hz, 2H), 7.19 (d, J = 8.5 Hz, 2H), 5.48 (d, J = 
3.0 Hz, 1H), 5.32 (d, J = 3.0 Hz, 1H), 3.08 (s, 3H), 2.61 (t, J = 7.5 Hz, 2H), 1.62-1.57 (m, 2H), 
1.38-1.31 (m, 2H), 0.92 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 152.6, 144.9, 
130.6, 128.8, 125.4, 102.4, 38.1, 35.4, 33.4, 22.4, 14.0 ppm; IR (KBr) 3030, 2956, 2931, 2858, 
1635, 1611, 1510, 1465, 1365, 1176, 1087, 941 cm-1. HRMS (EI) for C13H18O3S: calcd. 
254.0977, found 254.0984. 
 
(5) 1-(4-pentylphenyl)vinyl methanesulfonate (3e): a pale yellow oil. TLC (SiO2; Petroleum--
Ethyl acetate = 10 : 1): Rf = 0.40. 

C5H11
OSO2CH3  

1H NMR (500 MHz, CDCl3) δ 7.48 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 5.49 (d, J = 
3.0 Hz, 1H), 5.33 (d, J = 3.0 Hz, 1H), 3.10 (s, 3H), 2.61 (t, J = 7.5 Hz, 2H), 1.61-1.56 (m, 2H), 
1.33-1.31 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 152.6, 145.0, 
130.6, 128.8, 125.4, 102.3, 38.1, 35.7, 31.5, 30.9, 22.5, 14.0 ppm; IR (KBr) 2930, 2857, 1636, 
1558, 1457, 1366, 1176, 1081, 941, 669 cm-1. HRMS (APCI) for C14H20O3S: calcd. 268.1133, 
found 268.1133. 
 
(6) 1-(4-methoxyphenyl)vinyl methanesulfonate (3f): a buffy oil (instability). TLC (SiO2; 
Petroleum-Ethyl acetate = 5 : 1): Rf = 0.19. 

H3CO
OSO2CH3  

1H NMR (500 MHz, CDCl3) δ 7.51 (d, J = 9.0 Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 5.40 (d, J = 
3.0 Hz, 1H), 5.26 (d, J = 3.0 Hz, 1H), 3.82 (s, 3H), 3.10 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ 160.7, 152.3, 127.0, 125.7, 114.1, 101.4, 55.4, 38.1; IR (KBr) 2924, 2852, 1632, 1604, 1511, 
1449, 1344, 1166, 1087, 944, 844 cm-1. HRMS (EI) for C10H12O4S: calcd. 228.0456, found 
228.0458 
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(7) 1-(4-ethoxyphenyl)vinyl methanesulfonate (3g): a buffy oil. TLC (SiO2; Petroleum-Ethyl 
acetate = 5 : 1): Rf = 0.29. 

C2H5O
OSO2CH3  

1H NMR (500 MHz, CDCl3) δ 7.49 (d, J = 7.5 Hz，2H), 6.88(d, J = 7.5 Hz, 2H), 5.39 (d, J = 
3.0 Hz，1H), 5.25 (d, J = 3.0 Hz, 1H), 4.05 (q, J = 7.0 Hz，2H), 3.09 (s, 3H), 1.42 (t, J = 7.0 
Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 160.1, 152.4, 127.0, 125.6, 114.6, 101.2, 63.6, 38.1, 
14.7; IR (KBr) 2981, 2936, 1635, 1608, 1575, 1477, 1384, 1172, 1083, 938, 733 cm-1. HRMS 
(EI) for C11H14O4S: calcd. 242.0613, found 242.0617 
 
(8) (Z)-3-fluorostyryl methanesulfonate (4h) : a pale yellow oil. TLC (SiO2; Petroleum-Ethyl 
acetate = 5 : 1): Rf = 0.3. 

F

H3CO2SO

 
1H NMR (500 MHz, CDCl3) δ 7.35-7.28 (m, 3H), 7.02-6.98 (m, 1H), 6.76 (d, J = 7.0 Hz, 1H), 
5.86 (d, J = 7.0, 1H); 13C NMR (125 MHz, CDCl3) δ 162.72 (d, J = 243.8 Hz), 134.72, 134.33 
(d, J = 8.4 Hz), 130.07 (d, J = 7.5 Hz), 124.98 (d, J = 3.8Hz), 115.81 (d, J = 22.5 Hz), 115.15 
(d, J = 21.3 Hz), 114.61 (d, J = 2.5 Hz); IR (KBr) 1637, 1384, 1177, 949 cm-1. HRMS (EI) for 
C9H9O3F : calcd. 216.0256, found 216.0258 S
 
(9) dec-1-en-2-yl methanesulfonate (3i): a colorless oil. TLC (SiO2; Petroleum-Ethyl acetate = 
20 : 1): Rf = 0.38. 

C8H17

OSO2CH3

 
1H NMR (500 MHz, CDCl3) δ 5.01 (d, J = 2.5 Hz, 1H), 4.79 (d, J = 2.5 Hz, 1H), 3.11 (s, 3H), 
2.82 (t, J = 7.5 Hz, 2H), 1.55-1.49 (m, 2H), 1.31-1.26 (m, 10H), 0.88 (t, J = 7.0 Hz, 3H) ppm; 
13C NMR (125 MHz, CDCl3) δ 156.2, 120.6, 101.7, 37.8, 34.3, 31.8, 29.2, 28.8, 26.3, 20.4, 
14.1 ppm; IR(KBr) 2927, 2856, 1661, 1465, 1364, 1175, 1103, 949, 894 cm-1. HRMS (EI) for 
C11H22O3S: calcd. 234.1290, found 234.1291. 
 
(10) (E)-1,2-diphenylvinyl methanesulfonate (3j): a pale yellow oil. TLC (SiO2; Petroleum--
Ethyl acetate = 20 : 1): Rf = 0.16. 

Ph

OSO2CH3
Ph

 
1H NMR (500 MHz, CDCl3) δ 7.46-7.44 (m, 2H), 7.44-7.32 (m, 3H), 7.19-7.17 (m, 3H), 
7.11-7.09 (m, 2H), 6.80 (s, 1H), 2.89 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 146.5, 
133.3, 133.2, 129.8, 129.4, 129.1, 128.8, 128.4, 127.9, 123.0, 39.1 ppm; IR (KBr) 2929, 2853, 
1649, 1495, 1362, 1168, 1079, 966, 802, 694 cm-1. HRMS (EI) for C15H14O3S: calcd. 
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274.0664, found 274.0665. 
 
(11) (Z)-1-(4-methoxyphenyl)prop-1-enyl methanesulfonate (3k1) and 
(E)-1-(4-methoxyphenyl)prop-1-enyl methanesulfonate (3k2) ): a buffy oil. TLC (SiO2; 
Petroleum-Ethyl acetate = 5 : 1): Rf = 0.29. 

H3CO
OSO2CH3

3k1, 3k2  
1HNMR (500 MHz, CDCl3) δ 7.39 (d, J = 9.0 Hz，2H), 6.93 (d, J = 9.0 Hz，2H), 5.84 (q, J = 7.5 
Hz, 1H), 3.83 (s, 3H), 2.84 (s, 3H), 1.81(d, J = 7.5 Hz，3H); 13CNMR（125 MHz，CDCl3）：δ 160.0, 
146.1, 130.1, 125.0, 117.2, 113.9, 55.3, 38.6, 13.1. 
 
1HNMR (500 MHz, CDCl3) δ 7.41 (d, J = 9.0 Hz，2H), 6.88 (d, J = 9.0 Hz，2H), 5.75 (q, J = 7.5 
Hz, 1H), 3.81(s, 3H), 2.95 (s, 3H), 1.80(d, J = 7.5 Hz，3H); 13CNMR (125 MHz, CDCl3) δ 160.0, 
146.8, 127.1, 123.5, 114.0115.9, 55.3, 39.4, 12.4; IR (KBr) 2937, 2839, 1667, 1608, 1511, 1463, 
1361, 1170, 1031, 955 cm-1. HRMS (EI) for C11H14O4S: calcd. 242.0613, found 242.0621. 
 
(12) 1-phenylvinyl 4-methylbenzenesulfonate (3l)1) and (E)-styryl 4-methylbenzenesulfonate
（4l）: a pale yellow oil. TLC (SiO2; Petroleum-Ethyl acetate = 20 : 1): Rf = 0.22. 

3l
OTs

 
1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 8.5 Hz, 2H), 7.44-7.41 (m, 2H), 7.29-7.25 (m, 5H), 
5.39 (d, J = 3.0 Hz, 1H), 5.08 (d, J = 3.0 Hz, 1H), 2.40 (s, 3H) ppm.  

TsO

4l  
1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 8.5 Hz, 2H), 7.44-7.41 (m, 2H), 7.29-7.25 (m, 5H), 
6.62 (d, J = 7.0 Hz, 1H), 5.73 (d, J = 7.0 Hz, 1H), 2.39 (s, 3H) ppm; 13C NMR (125 MHz, 
CDCl3) δ 152.8, 145.3, 134.1, 133.4, 133.0, 129.7, 129.3, 128.4, 125.4, 103.0, 21.7 ppm; IR 
(KBr) 2923, 1636, 1493, 1446, 1366, 1177, 1086, 947, 775 cm-1. HRMS (EI) for C15H14O3S: 
calcd. 274.0664, found 274.0660. 
 
(13) dec-1-en-2-yl 4-methylbenzenesulfonate (3m): a pale yellow oil. TLC (SiO2; Petroleum--
Ethyl acetate = 20 : 1): Rf = 0.39. 

C8H17

O
Ts

 
1H NMR (500 MHz, CDCl3) δ 7.81 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 4.73 (d, J = 
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2.5 Hz, 1H), 4.63 (d, J = 2.5 Hz, 1H), 2.45 (s, 3H), 2.10 (t, J = 7.5 Hz, 2H), 1.42-1.36 (m, 2H), 
1.30-1.21 (m, 10H), 0.87 (t, J = 7.0 Hz, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 156.3, 
145.0, 133.4, 129.7, 128.3, 102.2, 34.1, 31.8, 29.2, 29.1, 28.7, 26.1, 22.6, 21.7, 14.1 ppm; IR 
(KBr) 2927, 2855, 1659, 1598, 1465, 1370, 1177, 1093, 949, 889, 814, 710 cm-1. HRMS (EI) 
for C17H26O3S: calcd. 310.1603, found 310.1616. 
 
(14) 1-(4-ethylphenyl)vinyl 4-methylbenzenesulfonate (3n)：a pale yellow oil. TLC (SiO2; 
Petroleum-Ethyl acetate = 20 : 1): Rf = 0.36. 

C2H5

O
Ts

 
1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 
8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 5.33 (d, J = 2.5 Hz, 1H), 5.01 (d, J = 2.5 Hz, 1H), 2.61 
(q, J = 7.5 Hz, 2H), 2.40 (s, 3H), 1.20 (t, J = 7.5 Hz, 3H) ppm; 13C NMR（125 MHz，CDCl3） 
δ 153.0, 145.7, 145.1, 133.2, 130.9, 129.6, 128.4, 127.9, 125.5, 102.1, 28.6, 21.6, 15.4 ppm; 
IR (KBr) 2924, 1667, 1633, 1601, 1574, 1453, 1378, 1154, 1076, 913, 750 cm-1. HRMS (EI) 
for C17H18O3S+1: calcd. 303.1055, found 303.1075. 
 
(15) 1-(4-pentylphenyl)vinyl 4-methylbenzenesulfonate (3o): a pale yellow oil. TLC (SiO2; 
Petroleum-Ethyl acetate = 20 : 1): Rf = 0.35. 

C5H11

O
Ts

 
1H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 7.5 Hz, 2H), 7.27 (d, J = 
7.5 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 5.33 (d, J = 3.0 Hz, 1H), 5.02 (d, J = 3.0 Hz, 1H), 2.56 
(t, J = 7.5 Hz, 2H), 2.41 (s, 2H), 1.56-1.57 (m, 2H), 1.26-1.32 (m, 4H), 0.91 (t, J = 7.5 Hz, 
3H)ppm; 13C NMR (125 MHz, CDCl3) δ 153.0, 145.0, 144.4, 133.2, 130.8, 129.6, 128.4, 
128.3, 125.4, 102.0, 35.6, 31.4, 30.9, 22.5, 21.6, 14.0 ppm; IR (KBr) 2930, 2858, 1733, 1634, 
1607, 1558, 1456, 1373, 1177, 1079, 940, 779 cm-1. HRMS (EI) for C20H24O3S+1: calcd. 
345.1524, found 345.1523. 
 
(16) (E)-1,2-diphenylvinyl 4-methylbenzenesulfonate (3p)2): a colorless crystal, mp. 99-100 
℃.  TLC (SiO2; Petroleum-Ethyl acetate = 20 : 1): Rf = 0.26. 

Ph
O

PhTs  
1H NMR (500 MHz, CDCl3) δ 7.68 (d, J = 8.5 Hz, 2H), 7.26-7.19 (m, 5H), 7.16-7.13 (m, 5H), 
7.01-7.00 (m, 2H), 6.57 (s, 1H), 2.40 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) δ 147.2, 
144.9, 133.6, 133.4, 133.2, 129.5, 129.3, 129.2, 128.9, 128.4, 128.3, 128.2, 127.8, 122.5, 21.7 
ppm; IR (KBr) 2924, 2853, 1658, 1596, 1445, 1367, 1169, 1093, 1002, 881, 782, 699 cm-1. 
 
References: 
1) Cox R. A.; McAllister M.; Roberts K. A. J. Org. Chem. 1989, 54, 4899. 
2) Frydman N.; Mazur Y. J. Am. Chem. Soc. 1970, 92, 3203. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

ppmm
Typewritten Text
S6



X-ray data for product 3p 
 

Crystal data  

C21H18O3S F000 = 736.00 

Mr = 350.43 Dx = 1.310 Mg m-3 

Mo Kα rediation 
Monoclinic, P21/c 

λ = 0.71075 Å 

Hall synbol: -P 2ybc Cell parameters from 11320 reflenctions 

a = 19.8000 (7) Å θ = 3.1-27.4° 

b = 5.8289 (2) Å μ = 0.20 mm-1 

c = 15.5228 (7) Å T = 296 (1) K 

β = 97.2226 (12)° Plat, colourless 

V = 1777.31 (12) Å3 0.50 x 0.50 x 0.20 mmm 

Z = 4  

  

Data collection  

Riguku R-AXIS RAPID 

diffractometer 
2454 reflections with I > 2σ (I) 

Detector resolution: 10.00 pixels mm-1 Rint = 0.037 

ω scans θmax = 27.5° 

Absorption correction: multi-scan 

(ABSCOR; Higashi, 1995) 
h = -25→25 

Tmin = 0.879, Tmax = 0.961 k = -6→7 

16497 measured reflections l = -20→20 

4064 independent reflections  

  

Refinement  

Refinement on F2 W = 1/[0.0007Fo+σ(Fo
2)]/(4Fo

2) 

R[F2 > 2σ(F2)] = 0.035 (△/σ)max < 0.001 

wR(F2) = 0.115 △ρmax = 0.32 e Å-3 

S = 1.01 △ρmix = -0.37 e Å-3 

4064 reflections Extinction correction: Larson (1970) 

245 parameters Extinction correction: 704 (41) 

H-atom parameters constrained  
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USER: Administr -- DATE:  Thu Aug 07 14:29:18 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 500.135 SW1: 15000 OF1: 4993.6  PTS1d: 32768   
EX: zg30 PW: 9.5  usec PD: 2.0   sec NA: 16    LB: 0.0     
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USER: Administr -- DATE:  Thu Aug 07 14:42:05 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 125.772 SW1: 37879 OF1: 13834.0 PTS1d: 32768   
EX: zgpg30 PW: 9.0  usec PD: 2.0   sec NA: 289   LB: 0.0     
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USER: nmr -- DATE:  Fri Mar 14 09:22:50 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 500.135 SW1: 15000 OF1: 5003.0  PTS1d: 32768   
EX: zg30 PW: 9.5  usec PD: 1.0   sec NA: 16    LB: 0.0     
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USER: nmr -- DATE:  Thu Apr 10 16:28:15 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 125.772 SW1: 37879 OF1: 13837.0 PTS1d: 32768   
EX: zgpg30 PW: 9.0  usec PD: 2.0   sec NA: 45    LB: 0.0     
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USER: nmr -- DATE:  Thu Apr 17 16:26:41 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 125.772 SW1: 37879 OF1: 13837.0 PTS1d: 32768   
EX: zgpg30 PW: 9.0  usec PD: 2.0   sec NA: 500   LB: 0.0     
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USER: nmr -- DATE:  Fri Feb 29 10:46:11 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 125.772 SW1: 37879 OF1: 13837.0 PTS1d: 32768   
EX: zgpg30 PW: 9.0  usec PD: 2.0   sec NA: 98    LB: 0.0     
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USER: nmr -- DATE:  Thu Jun 12 08:04:05 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 125.770 SW1: 37879 OF1: 12575.2 PTS1d: 32768   
EX: zgpg30 PW: 9.0  usec PD: 2.0   sec NA: 446   LB: 0.0     
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USER: nmr -- DATE:  Fri Mar 28 12:10:46 2008   

WinNuts - $pdata  

spect, CDCl3, 
F1: 125.772 SW1: 37879 OF1: 13837.0 PTS1d: 32768   
EX: zgpg30 PW: 9.0  usec PD: 2.0   sec NA: 181   LB: 0.0     
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