
S1  

 
 

Tetrabutylammonium Iodide Catalyzed Allylic 

Sulfonylation of α-Methyl Styrene Derivatives with 

Sulfonylhydrazides 

Xiaoqing Li,* Xiangsheng Xu, Can Zhou 

College of Chemical Engineering and Materials Science, Zhejiang University of Technology, 

Hangzhou 310014, (P. R. China) 

E-mail: xqli@zjut.edu.cn 

 

 

 

 

 

Table of contents 

 

General Methods and the data of compounds 3---------------------------------------S2~S9 

The 1H and 13C NMR spectra of compounds 3-------------------------------------S10~S47 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S2  

 
 

 

General Methods: All reagents and solvents were purchased from commercial 

suppliers and used without purifications. Melting points are uncorrected. The 1H 

NMR and 13C NMR spectra were recorded at 25 °C in CDCl3 at 500 and 125 MHz, 

respectively, with TMS as the internal standard. Chemical shifts (δ) are expressed in 

ppm and coupling constants J are given in Hz. High resolution mass spectra (HRMS) 

were obtained on a TOF MS instrument with ESI source. The alkenes were 

synthesized form the corresponding ketones with methyltriphenylphosphonium 

bromide according to literature method.[1]  

 

General procedure for the synthesis of compounds 3 : alkenes (0.5 mmol) and 

TBHP (1 mmol) was added to a solution of sulfonylhydrazides (0.6 mmol) and 

tetrabutylammonium iodide (0.1 mmol) in 2 mL of MeCN. After the reaction mixture 

was stirred at 80 oC for 20 h, the solvent was removed under reduced pressure, and the 

residual was treated with silica gel chromatography to give sulfones 3. 

 

 

1-methyl-4-((2-phenylallyl)sulfonyl)benzene(3aa): white solid. mp. 97-98 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.65 (d, J = 8.2 Hz, 2H), 7.28 – 7.18 (m, 7H), 5.57 (s, 1H), 

5.20 (s, 1H), 4.24 (s, 2H), 2.37 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.5, 138.9, 

136.6, 135.5, 129.4, 128.6, 128.3, 127.8, 126.2, 121.6, 62.1, 21.5. HRMS (ESI) calcd 

for C16H17O2S (M + H)+: 273.0949; found: 273.0954. 
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1-methyl-4-((2-(p-tolyl)allyl)sulfonyl)benzene(3ba): white solid. mp. 81-83 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.65 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 7.17 (d, 

J = 8.2 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 5.54 (s, 1H), 5.12 (s, 1H), 4.22 (s, 2H), 2.39 

(s, 3H), 2.31 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.5, 137.8, 136.5, 136.0, 135.6, 

129.4, 129.0, 128.7, 126.1, 120.8, 62.2, 21.5, 21.0. HRMS (ESI) calcd for C17H19O2S 

(M + H)+: 287.1106; found: 287.1110. 

 

 

1-methyl-2-(3-tosylprop-1-en-2-yl)benzene(3ca): colorless oil. 1H NMR (500 MHz, 

CDCl3) δ 7.64 (d, J = 8.3 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.14 – 6.99 (m, 3H), 6.94 

(dd, J = 7.6, 0.9 Hz, 1H), 5.48 (d, J = 0.8 Hz, 1H), 5.27 (d, J = 1.0 Hz, 1H), 4.13 (s, 

2H), 2.38 (s, 3H), 2.23 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.4, 140.0, 136.8, 

136.1, 134.5, 130.2, 129.5, 128.6, 128.2, 127.5, 125.5, 124.0, 63.2, 21.4, 19.9.  HRMS 

(ESI) calcd for C17H19O2S (M + H)+: 287.1106; found: 287.1109. 

 

 

1-methoxy-4-(3-tosylprop-1-en-2-yl)benzene(3da): yellow oil. 1H NMR (500 MHz, 

CDCl3) δ 7.66 (d, J = 8.3 Hz, 2H), 7.23 (dt, J = 5.3, 2.1 Hz, 4H), 6.78 (d, J = 8.8 Hz, 

2H), 5.49 (s, 1H), 5.07 (s, 1H), 4.22 (s, 2H), 3.79 (s, 3H), 2.40 (s, 3H). 13C NMR (125 

MHz, CDCl3) δ 159.5, 144.5, 136.0, 135.6, 131.3, 129.5, 128.7, 127.5, 119.9, 113.7, 

62.3, 55.3, 21.6. HRMS (ESI) calcd for C17H19O3S (M + H)+: 303.1055; found: 

303.1059. 
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1-methoxy-3-(3-tosylprop-1-en-2-yl)benzene(3ea): white solid. mp. 89-90 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.65 (d, J = 8.2 Hz, 2H), 7.23 – 7.12 (m, 3H), 6.85 (d, J = 

7.7 Hz, 1H), 6.79 – 6.74 (m, 2H), 5.58 (s, 1H), 5.22 (s, 1H), 4.23 (s, 2H), 3.76 (s, 3H), 

2.38 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 159.5, 144.5, 140.4, 136.6, 135.5, 129.4, 

129.3, 128.6, 121.8, 118.7, 113.3, 112.1, 62.2, 55.2, 21.5. HRMS (ESI) calcd for 

C17H19O3S (M + H)+: 303.1055; found: 303.1058. 

 

 

1-fluoro-4-(3-tosylprop-1-en-2-yl)benzene(3fa): white solid. mp. 110-111 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.65 (d, J = 8.3 Hz, 2H), 7.30 – 7.19 (m, 4H), 6.97 – 6.88 

(m, 2H), 5.52 (s, 1H), 5.17 (s, 1H), 4.21 (s, 2H), 2.40 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 163.5, 161.6, 144.7, 135.7, 135.5, 135.1, 135.0, 129.5, 128.6, 128.1, 128.0, 

121.7, 115.3, 115.1, 62.3, 21.5. HRMS (ESI) calcd for C16H16FO2S (M + H)+: 

291.0855; found: 291.0858. 

 

 

1-chloro-4-(3-tosylprop-1-en-2-yl)benzene(3ga): white solid. mp. 110-112 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.3 Hz, 2H), 7.25 – 7.17 (m, 6H), 5.56 (s, 1H), 

5.20 (s, 1H), 4.20 (s, 2H), 2.40 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.8, 137.3, 

135.7, 135.4, 133.9, 129.6, 128.6, 128.4, 127.6, 122.2, 62.1, 21.6. HRMS (ESI) calcd 

for C16H16ClO2S (M + H)+: 307.0560; found: 307.0564. 
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1-bromo-4-(3-tosylprop-1-en-2-yl)benzene(3ha): white solid. mp. 130-132 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.6 Hz, 2H), 7.23 (d, 

J = 8.0 Hz, 2H), 7.14 (d, J = 8.6 Hz, 2H), 5.57 (s, 1H), 5.22 (s, 1H), 4.20 (s, 2H), 2.41 

(s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.9, 137.8, 135.8, 135.4, 131.5, 129.6, 

128.6, 127.9, 122.3, 122.1, 62.1, 21.6. HRMS (ESI) calcd for C16H16BrO2S (M + H)+: 

351.0054; found: 351.0057. 

 

 

1-bromo-3-(3-tosylprop-1-en-2-yl)benzene(3ia): yellow oil. 1H NMR (500 MHz, 

CDCl3) δ 7.62 (d, J = 8.3 Hz, 2H), 7.32 (m, 1H), 7.21 (m, 4H), 7.09 (t, J = 7.9 Hz, 

1H), 5.57 (s, 1H), 5.29 (s, 1H), 4.20 (s, 2H), 2.38 (s, 3H). 13C NMR (125 MHz, CDCl3) 

δ 144.8, 140.9, 135.5, 135.2, 130.7, 129.8, 129.5, 129.3, 128.5, 124.9, 122.9, 122.4, 

61.9, 21.5. HRMS (ESI) calcd for C16H16BrO2S (M + H)+: 351.0054; found: 

351.0057. 

 

 

1-methyl-4-((2-(4-(trifluoromethyl)phenyl)allyl)sulfonyl)benzene(3ja): white solid. 

mp. 124-126 oC. 1H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 8.3 Hz, 2H), 7.48 (d, J = 

8.3 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 5.66 (s, 1H), 5.35 (s, 

1H), 4.25 (s, 2H), 2.38 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.9, 142.4, 135.8, 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S6  

 
 

135.4, 130.1, 129.8, 129.7, 129.6, 129.5, 128.6, 127.9, 127.3, 126.7, 125.6, 125.6, 

125.4, 125.3, 125.3, 125.3, 125.1, 123.7, 122.9, 62.1, 21.4. HRMS (ESI) calcd for 

C17H16F3O2S (M + H)+: 341.0823; found: 341.0826. 

 

 

1,2-dimethoxy-4-(3-tosylprop-1-en-2-yl)benzene(3ka): yellow solid. mp. 69-71 oC . 

1H NMR (500 MHz, CDCl3) δ 7.63 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.1 Hz, 2H), 6.83 

– 6.77 (m, 2H), 6.70 (d, J = 8.3 Hz, 1H), 5.48 (s, 1H), 5.09 (s, 1H), 4.20 (s, 2H), 3.82 

(s, 3H), 3.80(s, 3H), 2.35 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 148.9, 148.5, 144.4, 

136.1, 135.5, 131.6, 129.3, 128.5, 120.0, 118.9, 110.8, 109.6, 62.2, 55.7, 55.7, 21.3. 

HRMS (ESI) calcd for C18H21O4S (M + H)+: 333.1161; found: 333.1167. 

 

 

1-(3-tosylprop-1-en-2-yl)naphthalene(3la): yellow oil. 1H NMR (500 MHz, CDCl3) 

δ 7.82 – 7.74 (m, 2H), 7.67 (d, J = 8.2 Hz, 1H), 7.53 (d, J = 8.3 Hz, 2H), 7.45 – 7.39 

(m, 2H), 7.27 (dd, J = 8.1, 7.1 Hz, 1H), 7.14 (dd, J = 7.1, 1.1 Hz, 1H), 7.04 (d, J = 8.0 

Hz, 2H), 5.71 (d, J = 0.8 Hz, 1H), 5.49 (d, J = 1.1 Hz, 1H), 4.31 (s, 2H), 2.29 (s, 3H). 

13C NMR (125 MHz, CDCl3) δ 144.2, 138.0, 135.8, 133.5, 130.4, 129.2, 128.4, 128.1, 

128.0, 126.1, 125.9, 125.7, 125.1, 125.0, 124.8, 63.6, 21.4. HRMS (ESI) calcd for 

C20H19F3O2S (M + H)+: 323.1106; found: 323.1110. 
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2-(3-tosylprop-1-en-2-yl)thiophene(3ma): yellow solid. mp. 65-66 oC. 1H NMR 

(500 MHz, CDCl3) δ 7.72 (d, J = 8.3 Hz, 4H), 7.26 (d, J = 8.0 Hz, 6H), 7.13 (dd, J = 

5.1, 1.0 Hz, 2H), 6.93 (dd, J = 3.6, 1.0 Hz, 2H), 6.87 (dd, J = 5.1, 3.7 Hz, 2H), 5.62 (s, 

2H), 5.01 (s, 2H), 4.19 (s, 4H), 2.41 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 144.7, 

142.7, 135.3, 130.2, 129.5, 128.7, 127.5, 125.3, 125.2, 119.5, 62.4, 21.5. HRMS (ESI) 

calcd for C14H15O2S2 (M + H)+: 279.0513; found: 279.0516. 

 

 

((2-phenylallyl)sulfonyl)benzene(3ab): white solid. mp. 60-61 oC. 1H NMR (500 

MHz, CDCl3) δ 7.81 – 7.74 (m, 2H), 7.58 – 7.49 (m, 1H), 7.45 – 7.37 (m, 2H), 7.29 – 

7.18 (m, 5H), 5.58 (s, 1H), 5.21 (s, 1H), 4.27 (s, 2H). 13C NMR (125 MHz, CDCl3) δ 

138.7, 138.4, 136.5, 133.6, 128.8, 128.6, 128.3, 128.0, 126.1, 121.7, 62.0. HRMS 

(ESI) calcd for C15H15O2S (M + H)+: 259.0793; found:259.0796. 

 

 

1-bromo-4-((2-phenylallyl)sulfonyl)benzene(3ac): white solid. mp. 127-128 oC. 1H 

NMR (500 MHz, CDCl3) δ 7.62 – 7.56 (m, 2H), 7.54 – 7.49 (m, 2H), 7.25 – 7.19 (m, 

5H), 5.59 (s, 1H), 5.24 (s, 1H), 4.27 (s, 2H). 13C NMR (125 MHz, CDCl3) δ 138.5, 

137.4, 136.4, 132.1, 130.2, 129.0, 128.4, 128.1, 126.2, 122.1, 62.2. HRMS (ESI) 

calcd for C15H14BrO2S (M + H)+: 336.9898; found: 336.9902. 
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4-(tosylmethyl)-1,2-dihydronaphthalene(3na): white solid. mp. 76-77 oC. 1H NMR 

(500 MHz, CDCl3) δ 7.67 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 7.16 – 7.02 (m, 

4H), 5.90 (t, J = 4.6 Hz, 1H), 4.19 (s, 2H), 2.68 (t, J = 8.1 Hz, 2H), 2.36 (d, J = 5.6 Hz, 

3H), 2.21 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 144.5, 135.9, 135.5, 134.7, 132.7, 

129.4, 128.7, 127.5, 127.2, 126.3, 125.9, 123.2, 60.0, 27.7, 23.3, 21.5. HRMS (ESI) 

calcd for C18H19O2S (M + H)+: 299.1106; found: 299.1113. 

 

 

3-(tosylmethyl)-1H-indene(3oa): white solid. mp. 130-132 
o
C. 

1
H NMR (500 MHz, CDCl3) δ 

7.63 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 7.0 Hz, 1H), 7.27 – 7.12 (m, 5H), 6.33 (s, 1H), 4.32 (d, J = 

0.7 Hz, 2H), 3.31 (s, 2H), 2.36 (s, 3H). 
13

C NMR (125 MHz, CDCl3) δ 144.6, 143.3, 143.1, 137.1, 

135.5, 131.9, 129.4, 128.5, 126.1, 125.0, 123.6, 119.5, 55.7, 38.3, 21.4. HRMS (ESI) calcd for 

C17H17O2S (M + H)
+
: 285.0949; found: 285.0953. 

 

 

1-methyl-4-((2-phenylbut-2-en-1-yl)sulfonyl)benzene(3pa): colorless oil. 1H NMR 

(500 MHz, CDCl3) Z  isomer δ 7.62 (d, J = 8.3 Hz, 2H), 7.23 – 7.04 (m, 7H), 6.09 (q, 

J = 7.1 Hz, 1H), 4.34 (s, 2H), 2.37 (s, 3H), 1.67 (d, J = 7.1 Hz, 3H); E isomer δ 7.62 
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(d, J = 8.3 Hz, 2H), 7.23 – 7.04 (m, 7H), 5.78 (q, J = 7.0 Hz, 1H), 4.10 (s, 2H), 2.40 (s, 

3H), 1.64 (d, J = 7.1 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 144.4, 141.0, 136.2, 

132.8, 132.7, 129.4, 129.2, 128.7, 128.5, 128.4, 128.2, 128.1, 127.0, 126.9, 126.3, 

65.1, 57.6, 21.5, 21.5, 15.3, 15.0. HRMS (ESI) calcd for C17H19O2S (M + H)+: 

287.1106; found: 284.1110. 

 

 

(3-tosylprop-1-ene-1,2-diyl)dibenzene(3qa): white solid. mp. 128-130 oC. 1H NMR 

(500 MHz, CDCl3) δ 7.46 (d, J = 8.3 Hz, 2H), 7.38 – 7.20 (m, 10H), 7.06 (d, J = 8.0 

Hz, 2H), 7.00 (s, 1H), 4.55 (s, 2H), 2.35 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 144.2, 

140.4, 136.8, 136.5, 136.1, 130.5, 129.4, 128.6, 128.5, 128.4, 128.3, 127.8, 127.6, 

126.8, 58.0, 21.5. HRMS (ESI) calcd for C22H21O2S (M + H)+: 349.1262; found: 

349.1265. 
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