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I. General Information 

Unless otherwise noted, the other commercial available chemicals were used as received. NMR 

spectra were recorded on Bruker-400 instrument or Bruker-500 instrument. 1H NMR chemical shifts 

were referenced to tetramethylsilane signal (0 ppm), 13C NMR chemical shifts were referenced to 

the solvent resonance (77.00 ppm, CDCl3; 1.32 ppm, CD3CN). High resolution mass spectra 

(HRMS) were recorded on an ESI-Q-TOF mass spectrometer. Melting points (m.p.) were obtained 

using X-4 melting point apparatus (Laboratory Devices, Beijing Taike CO.; LTD.). X-ray data was 

obtained on Bruker Smart-APEX CCD. The following abbreviations (or combinations thereof) were 

used to explain multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad, q = 

quadruplet.  

II. Procedures for the Synthesis of Starting Materials  

. 

Method A1: 1) A 250 mL round bottom flask was charged with K2CO3 (20 mmol), EtOAc (80 mL) 

and water (40 mL), added with hydroxylamine hydrochloride (12 mmol,), cooled to 0 °C, added 

dropwisely with purified acid chloride (10 mmol). Then the resulting solution was stirred at room 

temperature for 6 h. The organic phase was separated and the aqueous phase was extracted with 

EtOAc (40 mL x 2). The combined organic layers were dried over anhydrous Na2SO4, filtered and 

concentrated under reduced pressure. The crude products were used in the next step without any 

further purification. 2) Hydroxamic acid (6 mmol), Et3N (7.8 mmol, 1.3 equiv.) in THF (60 mL), 

and then stirred for a while followed by dropwise addition of PivCl (7.2 mmol, 1.2 equiv.). After 

the reaction was stirred for 6 h, then evaporated. Afterwards, the EtOAc (50 mL) was added and the 

reaction was washed with 1 M HCl. After drying the organic layer over anhydrous Na2SO4, filtered 

and concentrated under reduced pressure. The residue was purified by column chromatography on 

silica gel (PE/EA = 8:1) to give the desired product 1. 
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Method B2: To a suspension of 1,1-Carbonyldiimidazole (2.43 g, 15 mmol) in THF (30 mL) was 

added Benzohydroxamic acid (10 mmol, 1.37 g) and Methoxyammonium chloride (1.67 g, 20 

mmol), and stirred at room temperature overnight. When the starting material was consumed 

completely, the reaction mixture was filtered and washed with THF. The filtrate was concentrated 

and purified by silica gel chromatography. 

 

N-(pivaloyloxy)benzamide (1a).3 White solid was obtained by silica gel column chromatography 

with ethyl acetate/petroleum ether (1:8). 1.09 g, 4.93 mmol, 82% yield, 1H NMR (500 MHz, CDCl3) 

δ 9.67 (s, 1H), 7.79 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 7.5 Hz, 1H), 7.41 (t, J = 7.7 Hz, 2H), 1.34 (s, 

9H). 

 

4-Methyl-N-(pivaloyloxy)benzamide (1b).3 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.94 g, 4.00 mmol, 67% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.37 (s, 1H), 7.71 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 2.41 (s, 3H), 

1.36 (s, 9H). 

 

3-Methyl-N-(pivaloyloxy)benzamide (1c).3 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.99 g, 4.21 mmol, 70% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.45 (s, 1H), 7.62 (s, 1H), 7.59 (d, J = 7.5 Hz, 1H), 7.37-7.31 (m, 2H), 2.38 (s, 

3H), 1.36 (s, 9H). 

 

2-Methyl-N-(pivaloyloxy)benzamide (1d)1 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.85 g, 3.61 mmol, 60% yield, 1H NMR 
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(500 MHz, CDCl3) δ 9.08 (s, 1H), 7.46 (d, J = 7.5 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H), 7.24-7.18 (m, 

2H), 2.45 (s, 3H), 1.32 (s, 9H). 

 

2-Chloro-N-(pivaloyloxy)benzamide (1e).4 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.64 g, 2.50 mmol, 42% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.59 (s, 1H), 7.72-7.68 (m, 1H), 7.44-7.42 (m, 2H), 7.37-7.33 (m, 1H), 1.36 

(s, 9H). 

 

3-Fluoro-N-(pivaloyloxy)benzamide (1f).5 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.89 g, 3.72 mmol, 62% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.56 (s, 1H), 7.57 (d, J =7.7 Hz, 1H), 7.52-7.50 (m, 1H), 7.44-7.41 (m, 1H), 

7.25-7.23 (m, 1H), 1.35 (s, 9H). 

 

3-Chloro-N-(pivaloyloxy)benzamide (1g).6 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.77 g, 3.01 mmol, 50% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.74 (s, 1H), 7.77-7.76 (m, 1H), 7.66-7.64 (m, 1H), 7.51-7.49 (m, 1H), 7.36 

(t, J = 7.9 Hz, 1H), 1.34 (s, 9H). 

 

4-Fluoro-N-(pivaloyloxy)benzamide (1h).3 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.69 g, 2.89 mmol, 48% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.56 (s, 1H), 7.84-7.81 (m, 2H), 7.13-7.10 (m, 2H), 1.35 (s, 9H). 
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4-Chloro-N-(pivaloyloxy)benzamide (1i).7 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.99 g, 3.87 mmol, 65% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.47 (s, 1H), 7.74 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 8.6 Hz, 2H), 1.35 (s, 9H). 

 

4-Bromo-N-(pivaloyloxy)benzamide (1j).3 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 1.28 g, 4.26 mmol, 71% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.48 (s, 1H), 7.67 (d, J = 8.6 Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H), 1.35 (s, 9H). 

 

N-(pivaloyloxy)furan-2-carboxamide (1k).7 White solid by silica gel column chromatography 

with ethyl acetate/petroleum ether (1:8). 0.71 g, 3.36 mmol, 56% yield, 1H NMR (500 MHz, CDCl3) 

δ 9.71 (s, 1H), 7.48 (d, J = 1.3 Hz, 1H), 7.21 (d, J = 3.5 Hz, 1H), 6.52 (dd, J = 3.5, 1.8 Hz, 1H), 1.35 

(s, 9H). 

 

N-(pivaloyloxy)thiophene-2-carboxamide (1l).5 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.99 g, 4.36 mmol, 73% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.40 (s, 1H), 7.67 (dd, J = 3.8, 1.0 Hz, 1H), 7.57 (dd, J = 5.0, 0.9 Hz, 1H), 7.11 

(dd, J = 4.9, 3.8 Hz, 1H), 1.36 (s, 9H). 

 

N-(pivaloyloxy)-2-naphthamide (1m).8 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 1.10 g, 4.05 mmol, 68% yield, 1H NMR 
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(500 MHz, CDCl3) δ 9.72 (s, 1H), 8.32 (s, 1H), 7.87-7.79 (m, 4H), 7.57-7.50 (m, 2H), 1.37 (s, 9H). 

 

 

 

 

3-Phenyl-N-(pivaloyloxy)propenamide (1n).6 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.63 g, 2.53 mmol, 42% yield, 1H NMR 

(500 MHz, CDCl3) δ 8.91 (s, 1H), 7.30-7.27 (m, 2H), 7.22-7.19 (m, 3H), 2.99 (t, J = 7.7 Hz, 2H), 

2.55 (t, J = 7.8 Hz, 2H), 1.30 (s, 9H). 

 

N-(pivaloyloxy)cyclohexylbenzamide (1o).6 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.73 g, 3.21 mmol, 54% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.15 (s, 1H), 2.24 (t, J = 11.3 Hz, 1H), 1.89-1.67 (m, 5H), 1.56-1.49 (m, 2H), 

1.31 (s, 9H), 1.27-1.22 (m, 3H). 

 

4-Methoxy-N-(pivaloyloxy)benzamide (1p).3 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 1.15 g, 4.58 mmol, 76% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.38 (s, 1H), 7.79 (d, J = 8.7 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 3.85 (s, 3H), 

1.35 (s, 9H). 

 

4-Nitro-N-(pivaloyloxy)benzamide (1q).5 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 1.15 g, 4.32 mmol, 72% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.72 (s, 1H), 8.29 (d, J = 8.4 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 1.36 (s, 9H). 

 



S7 

 

4-Cyano-N-(pivaloyloxy)benzamide (1r).1 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.96 g, 3.90 mmol, 65% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.76 (s, 1H), 7.90 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 8.0 Hz, 2H), 1.35 (s, 9H). 

 

4-Iodo-N-(pivaloyloxy)benzamide (1s).1 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 1.29 g, 3.72 mmol, 62% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.51 (s, 1H), 7.79 (d, J = 8.1 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H), 1.35 (s, 9H). 

 

2-Phenyl-N-(pivaloyloxy)acetamide (1t).9 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.75 g, 3.19 mmol, 53% yield, 1H NMR 

(500 MHz, CDCl3) δ 9.07 (s, 1H), 7.35-7.28 (m, 5H), 3.61 (s, 2H), 1.28 (s, 9H). 

 

N-methoxybenzamide (1w).2 White solid was obtained by silica gel column chromatography with 

ethyl acetate/petroleum ether (1:5). 1.24 g, 8.2 mmol, 82% yield, 1H NMR (400 MHz, CDCl3) δ 

10.77 (s, 1H), 7.78 (d, J = 7.6 Hz, 2H), 7.45 (t, J = 7.2 Hz, 1H), 7.35-7.31 (m, 2H), 3.76 (s, 3H). 

 

 

 

N-methyl-N-(pivaloyloxy)benzamide (1x). Orange oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:8). 0.92 g, 3.91 mmol, 65% yield, 1H NMR 

(500 MHz, CDCl3) δ 7.52 (d, J = 8.0 Hz, 2H), 7.42-7.40 (m, 1H), 7.37-7.34 (m, 2H), 3.37 (s, 3H), 

1.02 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 175.4, 133.4, 130.5, 127.8, 127.7, 37.8, 26.3. HRMS 

(ESI) m/z: [M+H]+ Calcd for C13H18NO3 236.1281; Found 236.1284.  
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N-acetoxybenzamide (1y). Method C: Benzohydroxamic acid (1.385 g, 10 mmol), CH2Cl2 (30 mL) 

and aqueous NaOH (2 M, 5.5 mL) were charged in a round bottomed flask. Ac2O (1.12 g, 11 mmol) 

was added via syringe. After stirring at room temperature for 2 h, the CH2Cl2 layer was separated. 

The aqueous layer was extracted with CH2Cl2 (10 mL) and the combined CH2Cl2 layers were 

washed with brine and dried over Na2SO4. Evaporation of the solvent gave the product as a white 

solid10 (1.49 g, 8.30 mmol, 83% yield.). 1H NMR (400 MHz, DMSO) δ 7.80 (d, J = 7.2 Hz, 2H), 

7.62-7.58 (m, 1H), 7.53-7.49 (m, 2H), 2.22 (s, 3H). 

 

N-(benzoyloxy)benzamide (1z). Method A: Hydroxamic acid (6 mmol), Et3N (7.8 mmol, 1.3 

equiv.) in THF (60 mL), and then stirred for a while followed by dropwise addition of benzoyl 

chloride (7.2 mmol, 1.2 equiv.). After the reaction was stirred for 6 h, then evaporated. Afterwards, 

the EtOAc (50 mL) was added and the reaction was washed with 1 M HCl. After drying the organic 

layer over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The residue was 

purified by column chromatography on silica gel (PE/EA = 3:1) to give the desired product as a 

white solid11 (1.09 g, 4.50 mmol, 75% yield). 1H NMR (400 MHz, DMSO) δ 12.67 (s, 1H), 8.10 (d, 

J = 7.6 Hz, 2H), 7.90 (d, J = 7.2 Hz, 2H), 7.79-7.75 (m, 1H), 7.66-7.60 (m, 3H), 7.57-7.54 (m, 2H). 

 

Procedures for the Synthesis of Allyl Phenyl Sulfide:12 To a solution of thiol (5 mmol) and allyl 

bromide (6 mmol, 1.2 equiv.) in 10 mL ethanol was added with K2CO3 in one portion. The reaction 

mixture was stirred at room temperature overnight, diluted with water (10 mL) and extracted with 

DCM (20 mL x 3). The combined organic layers were dried over Na2SO4, filtered and concentrated 

under reduced pressure. The residue was purified by flash chromatography (100:1 hexane/ethyl 

acetate) to give the desired product. 
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Allyl(phenyl)sulfane (2q).13 Colorless oil was obtained by silica gel column chromatography with 

hexane/ethyl acetate (100:1). 0.71 g, 4.73 mmol, 95% yield, 1H NMR (500 MHz, CDCl3) δ 7.34-

7.32 (m, 2H), 7.27-7.24 (m, 2H), 7.18-7.15 (m, 1H), 5.91-5.82 (m, 1H), 5.14-5.04 (m, 2H), 3.53 (d, 

J = 6.9 Hz, 2H). 

 

Allyl(2-methoxyphenyl)sulfane (2r).13 Light yellow oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.69 g, 3.83 mmol, 77% yield, 1H NMR (500 

MHz, CDCl3) δ 7.29-7.27 (m, 1H), 7.20-7.16 (m, 1H), 6.91-6.88 (m, 1H), 6.85-6.83 (m, 1H), 5.90-

5.82 (m, 1H), 5.14-5.03 (m, 2H), 3.87 (s, 3H), 3.53 (d, J = 6.9 Hz, 2H). 

 

Allyl(2-bromophenyl)sulfane (2s).13 Light yellow oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 1.01 g, 4.41 mmol, 88% yield, 1H NMR (500 

MHz, CDCl3) δ 7.53-7.50 (m, 1H), 7.25-7.21 (m, 2H), 7.02-6.99 (m, 1H), 5.93-5.85 (m, 1H), 5.24-

5.11 (m, 2H), 3.57 (d, J = 6.8 Hz, 2H). 

 

Allyl(3-methoxyphenyl)sulfane (2t).13 Light yellow oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.72 g, 4.00 mmol, 80% yield, 1H NMR (500 

MHz, CDCl3) δ 7.19-7.16 (m, 1H), 6.92-6.88 (m,2H), 6.72-6.70 (m, 1H), 5.92-5.84 (m, 1H), 5.19-

5.07 (m, 2H), 3.77 (s, 3H), 3.55 (d, J = 7.9 Hz, 2H). 

 

Allyl(3-bromophenyl)sulfane (2u).13 Light yellow oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.98 g, 4.27 mmol, 85% yield, 1H NMR (500 
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MHz, CDCl3) δ 7.46-7.45 (m, 1H), 7.30-7.28 (m, 1H), 7.25-7.22 (m, 1H), 7.14-7.11 (m, 1H), 5.89-

5.81 (m, 1H), 5.19-5.09 (m, 2H), 3.54 (d, J = 6.9 Hz, 2H). 

 

Allyl(p-tolyl)sulfane (2v).13 Colorless oil was obtained by silica gel column chromatography with 

hexane/ethyl acetate (100:1). 0.67 g, 4.08 mmol, 82% yield, 1H NMR (500 MHz, CDCl3) δ 7.25 (d, 

J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 5.90-5.80 (m, 1H), 5.10-5.02 (m, 2H), 3.49 (d, J = 7.0 Hz, 

2H), 2.30 (s, 3H). 

 

Allyl(4-chlorophenyl)sulfane (2w).13 Colorless oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.76 g, 4.13 mmol, 83% yield, 1H NMR (500 

MHz, CDCl3) δ 7.27-7.22 (m, 4H), 5.88-5.80 (m, 1H), 5.12-5.06 (m, 2H), 3.51 (d, J =6.9 Hz, 2H). 

 

Allyl(4-bromophenyl)sulfane (2x).14 Colorless oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.97 g, 4.23 mmol, 85% yield, 1H NMR (500 

MHz, CDCl3) δ 7.38 (d, J = 8.5 Hz, 2H), 7.19 (d, J = 8.5 Hz, 2H), 5.88-5.80 (m, 1H), 5.14-5.06 (m, 

2H), 3.51 (d, J = 6.9 Hz, 2H). 

 

Allyl(naphthalen-2-yl)sulfane (2y).16 Colorless oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.96 g, 4.79 mmol, 96% yield, 1H NMR (500 

MHz, CDCl3) δ 7.76-7.70 (m, 4H), 7.45-7.38 (m, 3H), 5.95-5.87 (m, 1H), 5.18-5.05 (m, 2H), 3.62 

(d, J = 6.9 Hz, 2H). 

 

(2-Bromolallyl)(phenyl)sulfane (2z).15 Colorless oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 1.04 g, 4.53 mmol, 90% yield, 1H NMR (500 
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MHz, CDCl3) δ 7.39-7.36 (m, 2H), 7.31-7.28 (m, 2H), 7.25-7.23 (m, 1H), 5.73 (d, J = 1.8 Hz, 1H), 

5.47 (d, J = 1.8 Hz, 1H), 3.81 (s, 2H). 

 

(2-Methylallyl)(phenyl)sulfane (2a’).15 Colorless oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.72 g, 4.38 mmol, 88% yield, 1H NMR (500 

MHz, CDCl3) δ 7.34-7.32 (m, 2H), 7.26-7.23 (m, 2H), 7.17-7.14 (m, 1H), 4.81 (d, J = 8.1 Hz, 2H), 

3.50 (s, 2H), 1.84 (s, 3H). 

 

(3-methylbut-2-en-1-yl)(phenyl)sulfane (2b’).15 Colorless oil was obtained by silica gel column 

chromatography with hexane/ethyl acetate (100:1). 0.82 g, 4.60 mmol, 92% yield, 1H NMR (500 

MHz, CDCl3) δ 7.33-7.32 (m, 2H), 7.25-7.23 (m, 2H), 7.17-7.14 (m, 1H), 5.31-5.28 (m, 1H), 3.53 

(d, J = 7.8 Hz, 2H), 1.70 (s, 3H), 1.57 (s, 3H). 

III. Procedures for the Synthesis of Sulfimides 

 

To a 10 mL schlenk tube, 1 (0.3 mmol), 2 (0.2 mmol), RuCl2(PPh3)3 (5 mol%, 0.0096 g), AgOAc 

(0.2 equiv., 0.0066 g), PhCONHOH (0.1 equiv., 0.0027 g) and MeOH (1 mL) were added in 

sequence. The reaction mixture was stirred at 30 oC for 10 minutes in air. After the reaction was 

complete, the reaction mixture was diluted with ethyl acetate, filtered and concentrated under 

reduced pressure. The residue was purified by flash column chromatography on silica gel with ethyl 

acetate/petroleum ether to give the desired product. (heating source: heating mantle) 

 

N-Benzoyl benzylphenylsulfimide (3aa). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). 0.0579 g, 0.181 mmol, 91% yield, 1H 
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NMR (400 MHz, CDCl3) δ 8.21-8.19 (m, 2H), 7.58-7.38 (m, 8H), 7.31-7.29 (m, 1H), 7.23-7.19 (m, 

2H), 6.95 (d, J = 7.2 Hz, 2H), 4.63 (d, J = 12.4 Hz, 1H), 4.26 (d, J = 12.4 Hz, 1H). 13C NMR (125 

MHz, CDCl3) δ 176.6, 136.6, 132.21, 132.17, 130.71, 130.66, 129.3, 128.8, 128.7, 128.5, 128.3, 

128.0, 127.7, 56.0. HRMS (ESI) m/z: [M+H]+ Calcd for C20H18NOS 320.1104; Found 320.1110. 

 

N-(4-Methylbenzoyl) benzylphenylsulfimide (3ba). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). M.p. 139 oC-141 oC, 0.0631 g, 0.189 

mmol, 95% yield, 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.0 Hz, 2H), 7.56-7.49 (m, 3H), 7.43-

7.39 (m, 2H), 7.30-7.27 (m, 1H), 7.22-7.19 (m, 4H), 6.95 (d, J = 6.8 Hz, 2H), 4.63 (d, J = 12.0 Hz, 

1H), 4.25 (d, J = 12.4 Hz, 1H), 2.39 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.7, 140.8, 133.9, 

132.3, 132.1, 130.7, 129.2, 128.72, 128.69, 128.41, 128.37, 128.0, 55.9, 21.4. HRMS (ESI) m/z: 

[M+H]+ Calcd for C21H20NOS 334.1260; Found 334.1270. 

 

N-(3-Methylbenzoyl) benzylphenylsulfimide (3ca). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:2). 0.0619 g, 0.186 mmol, 93% yield, 

1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.0 Hz, 2H), 7.56-7.49 (m, 3H), 7.43-7.39 (m, 2H), 7.31-

7.27 (m, 3H), 7.23-7.19 (m, 2H), 6.94 (d, J = 7.6 Hz, 2H), 4.64 (d, J = 12.4 Hz, 1H), 4.25 (d, J = 

12.4 Hz, 1H), 2.40 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.9, 137.3, 136.5, 132.3, 132.2, 131.4, 

130.7, 129.3, 128.8, 128.4, 128.0, 127.7, 125.8, 55.9, 21.3. HRMS (ESI) m/z: [M+H]+ Calcd for 

C21H20NOS 334.1260; Found 334.1269. 

 

N-(2-Methylbenzoyl) benzylphenylsulfimide (3da). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:2). 0.0383 g, 0.115 mmol, 57% yield, 

1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.2 Hz, 1H), 7.56-7.50 (m, 3H), 7.44-7.40 (m, 2H), 7.32-



S13 

 

7.28 (m, 1H), 7.24-7.17 (m, 5H), 6.96 (d, J = 7.2 Hz, 2H), 4.60 (d, J = 12.4 Hz, 1H), 4.31 (d, J = 

12.0 Hz, 1H), 2.56 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 179.9, 137.4, 137.3, 132.3, 132.2, 130.9, 

130.7, 129.4, 129.34, 129.29, 128.9, 128.5, 128.4, 128.1, 55.9, 21.2. HRMS (ESI) m/z: [M+H]+ 

Calcd for C21H20NOS 334.1260; Found 334.1262. 

 

N-(2-Chlorobenzoyl) benzylphenylsulfimide (3ea). Yellow oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). 0.0670 g, 0.189 mmol, 95% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.72-7.69 (m, 1H), 7.58-7.51 (m, 3H), 7.45-7.38 (m, 3H), 7.30-7.27 (m, 

2H), 7.25-7.21 (m, 3H), 6.97 (d, J = 7.2 Hz, 2H), 4.67 (d, J = 12.4 Hz, 1H), 4.33 (d, J = 12.4 Hz, 

1H). 13C NMR (125 MHz, CDCl3) δ 177.1, 137.7, 132.4, 131.8, 131.6, 130.7, 130.10, 130.06, 129.9, 

129.4, 128.9, 128.5, 128.2, 128.1, 126.3, 55.9. HRMS (ESI) m/z: [M+H]+ Calcd for C20H17ClNOS 

354.0714; Found 354.0716. 

 

N-(3-Fluorobenzoyl) benzylphenylsulfimide (3fa). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:2). 0.0547 g, 0.162 mmol, 81% yield, 

1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 7.6 Hz, 1H), 7.88 (d, J = 10.4 Hz, 1H), 7.55-7.52 (m, 

3H), 7.45-7.28 (m, 4H), 7.24-7.20 (m, 2H), 7.17-7.13 (m, 1H), 6.94 (d, J = 7.6 Hz, 2H), 4.62 (d, J 

= 12.4 Hz, 1H), 4.27 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 175.3, 162.5 (C-F, 1J C-

F = 244.0 Hz), 139.1, 132.3, 131.9, 130.7, 129.4, 129.2 (C-F, 3J C-F = 7.5 Hz), 128.9, 128.5, 128.1, 

128.0, 124.3 (C-F, 4J C-F = 2.5 Hz), 117.6, 117.4, 115.6 (C-F, 2J C-F = 22.5 Hz), 56.0. 19F NMR 

(500 MHz, CDCl3) δ -113.9. HRMS (ESI) m/z: [M+H]+ Calcd for C20H17FNOS 338.1009; Found 

338.1013. 
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N-(3-Chlorobenzoyl) benzylphenylsulfimide (3ga). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:2). 0.0677 g, 0.191 mmol, 96% yield, 

1H NMR (400 MHz, CDCl3) δ 8.19-8.18 (m, 1H), 8.06 (d, J = 7.6 Hz, 1H), 7.55-7.51 (m, 3H), 7.45-

7.41 (m, 3H), 7.35-7.28 (m, 2H), 7.23-7.20 (m, 2H), 6.94 (d, J = 7.2 Hz, 2H), 4.62 (d, J = 12.4 Hz, 

1H), 4.27 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 175.1, 138.5, 133.7, 132.3, 131.9, 

130.7, 130.6, 129.3, 129.0, 128.89, 128.87, 128.5, 128.1, 128.0, 126.8, 56.0. HRMS (ESI) m/z: 

[M+H]+ Calcd for C20H17ClNOS 354.0714; Found 354.0720. 

 

N-(4-Fluorobenzoyl) benzylphenylsulfimide (3ha). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:2). 0.0594 g, 0.176 mmol, 88% yield, 

1H NMR (400 MHz, CDCl3) δ 8.22-8.18 (m, 2H), 7.55-7.50 (m, 3H), 7.44-7.40 (m, 2H), 7.31-7.27 

(m, 1H), 7.23-7.19 (m, 2H), 7.08-7.04 (m, 2H), 6.94 (d, J = 7.2 Hz, 2H), 4.62 (d, J = 12.4 Hz, 1H), 

4.26 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 175.6, 164.6 (C-F, 1J C-F = 248.8 Hz), 

132.9, 132.3, 132.2, 130.9 (C-F, 3J C-F = 8.8 Hz), 130.7, 129.3, 128.7, 128.5, 128.3, 128.0, 114.5 

(C-F, 2J C-F = 21.3 Hz), 56.0. 19F NMR (500 MHz, CDCl3) δ -110.2. HRMS (ESI) m/z: [M+H]+ 

Calcd for C20H17FNOS 338.1009; Found 338.1018. 

 

 

 

N-(4-Chlorobenzoyl) benzylphenylsulfimide (3ia). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). M.p. 151 oC-152 oC, 0.0695 g, 0.196 

mmol, 98% yield, 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 8.8 Hz, 2H), 7.56-7.51 (m, 3H), 7.44-

7.40 (m, 2H), 7.36 (d, J = 8.8 Hz, 2H), 7.31-7.27 (m, 1H), 7.23-7.19 (m, 2H), 6.93 (d, J = 7.2 Hz, 

2H), 4.61 (d, J = 12.4 Hz, 1H), 4.26 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 175.5, 

136.8, 135.1, 132.3, 132.0, 130.7, 130.1, 129.3, 128.9, 128.5, 128.2, 128.0, 127.9, 56.0. HRMS (ESI) 

m/z: [M+Na]+ Calcd for C20H16ClNOSNa 376.0533; Found 376.0540. 
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N-(4-Bromobenzoyl) benzylphenylsulfimide (3ja). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). M.p. 166 oC-167 oC, 0.0723 g, 0.182 

mmol, 91% yield, 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.6 Hz, 2H), 7.54-7.51 (m, 5H), 7.44-

7.40 (m, 1H), 7.30-6.28 (m, 1H), 7.22-7.19 (m, 2H), 6.93 (d, J = 7.2 Hz, 2H), 4.60 (d, J = 12.4 Hz, 

1H), 4.26 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 175.6, 135.6, 132.3, 132.0, 130.9, 

130.7, 130.4, 129.4, 128.9, 128.5, 128.2, 128.0, 125.4, 56.0. HRMS (ESI) m/z: [M+H]+ Calcd for 

C20H17BrNOS 398.0209; Found 398.0218. 

 

N-Furyl benzylphenylsulfimide (3ka). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). M.p. 124 oC-125 oC, 0.0280 g, 0.091 

mmol, 45% yield, 1H NMR (400 MHz, CDCl3) δ 7.56-7.51 (m, 4H), 7.44-7.40 (m, 2H), 7.32-7.28 

(m, 1H), 7.25-7.21 (m, 2H), 7.10-7.09 (m, 1H), 6.97 (d, J = 7.2 Hz, 2H), 6.46 (dd, J = 3.6, 2 Hz, 

1H), 4.73 (d, J = 12.4 Hz, 1H), 4.25 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 168.7, 

151.0, 144.0, 132.4, 132.1 130.6, 129.4, 128.9, 128.6, 128.3, 128.0, 113.8, 111.2, 56.3. HRMS (ESI) 

m/z: [M+H]+ Calcd for C18H16NO2S 310.0896; Found 310.0900. 

 

N-Thienyl benzylphenylsulfimide (3la). Orange solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). M.p. 132 oC-134 oC, 0.0530 g, 0.163 

mmol, 81% yield, 1H NMR (400 MHz, CDCl3) δ 7.76-7.75 (m, 1H), 7.55-7.50 (m, 3H), 7.44-7.38 

(m, 3H), 7.31-7.27 (m, 1H), 7.24-7.20 (m, 2H), 7.06 (dd, J = 4.8, 3.6 Hz, 1H), 6.97 (d, J = 7.2 Hz, 

2H), 4.62 (d, J = 12.4 Hz, 1H), 4.23 (d, J = 12.4 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 171.9, 

141.7, 132.3, 132.1, 130.8, 129.9, 129.32, 129.28, 128.9, 128.5, 128.2, 127.9, 127.1, 56.3. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C18H15NOS2Na 348.0487; Found 348.0480. 
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N-(2-Naphthyl) benzylphenylsulfimide (3ma). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). 0.0600 g, 0.162 mmol, 81% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.74 (s, 1H), 8.30 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 7.2 Hz, 1H), 7.86-

7.84 (m, 2H), 7.59-7.57 (m, 2H), 7.53-7.46 (m, 3H), 7.43-7.40 (m, 2H), 7.30-7.27 (m, 1H), 7.22-

7.18 (m, 2H), 6.96 (d, J = 7.6 Hz, 2H), 4.66 (d, J = 12.4 Hz, 1H), 4.31 (d, J = 12.4 Hz, 1H). 13C 

NMR (125 MHz, CDCl3) δ 176.5, 134.6, 134.0, 132.7, 132.13, 132.09, 130.7, 129.2, 129.1, 128.9, 

128.7, 128.4, 128.3, 128.0, 127.5, 127.2, 126.8, 125.8, 55.9. HRMS (ESI) m/z: [M+H]+ Calcd for 

C24H20NOS 370.1260; Found 370.1256. 

 

N-Phenylprpanoyl benzylphenylsulfimide (3na). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). 0.0576 g, 0.166 mmol, 83% yield, 1H 

NMR (400 MHz, DMSO) δ 7.58-7.45 (m, 5H), 7.29-7.17 (m, 8H), 7.05 (d, J = 6.8 Hz, 2H), 4.49 (d, 

J = 12.4 Hz, 1H), 4.42 (d, J = 12.8 Hz, 1H), 2.85 (t, J = 7.6 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H). 13C 

NMR (125 MHz, DMSO) δ 181.6, 141.8, 133.0, 131.8, 130.7, 129.4, 129.2, 128.4, 128.2, 128.10, 

128.06, 127.4, 125.6, 53.0, 38.7, 32.0. HRMS (ESI) m/z: [M+H]+ Calcd for C22H22NOS 348.1417; 

Found 348.1410. 

 

N-Cyclohexyl benzylphenylsulfimide (3oa). Yellow oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:3). 0.0349 g, 0.107 mmol, 54% yield, 1H 

NMR (400 MHz, DMSO) δ 7.59-7.49 (m, 5H), 7.30-7.23 (m, 3H), 7.05-7.03 (m, 2H), 4.46 (s, 2H), 

2.25-2.19 (m, 1H), 1.81-1.58 (m, 5H), 1.34-1.17 (m, 5H). 13C NMR (125 MHz, DMSO) δ 185.2, 

133.2, 131.7, 130.7, 129.3, 129.2, 128.3, 128.0, 127.3, 53.0, 45.6, 30.12, 30.07, 25.7, 25.4. HRMS 

(ESI) m/z: [M+H]+ Calcd for C20H24NOS 326.1573; Found 326.1578. 
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N-Benzoyl methylphenylsulfimide (3ab).17 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). 0.0460 g, 0.189 mmol, 94% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.18-8.16 (m, 2H), 7.86-7.84 (m, 2H), 7.57-7.37 (m, 6H), 2.93 (s, 3H). 

 

N-Benzoyl ethylphenylsulfimide (3ac). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). 0.0416 g, 0.162 mmol, 81% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.20 (d, J = 7.6 Hz, 2H), 7.81-7.79 (m, 2H), 7.55-7.53 (m, 3H), 7.46-

7.37 (m, 3H), 3.22 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 

176.7, 136.6, 133.6, 132.0, 130.7, 129.7, 128.7, 127.7, 127.3, 43.7, 7.5. HRMS (ESI) m/z: [M+H]+ 

Calcd for C15H16NOS 258.0947; Found 258.0949. 

 

N-Benzoyl chloroethylphenylsulfimide (3ad). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). 0.0503 g, 0.172 mmol, 86% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.19 (d, J = 7.2 Hz, 2H), 7.82-7.80 (m, 2H), 7.56-7.38 (m, 6H), 4.03-

3.97 (m, 1H), 3.70-3.57 (m, 2H), 3.48-3.42 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 176.9, 135.9, 

133.2, 132.4, 130.9, 130.0, 128.7, 127.8, 127.0, 52.0, 36.9. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C15H14ClNOSNa: 314.0377; Found 314.0385. 

  

N-Benzoyl cyclopropylphenylsulfimide (3ae). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). M.p. 109 oC-110 oC, 0.0452 g, 0.168 

mmol, 84% yield, 1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 7.2 Hz, 2H), 7.85-7.81 (m, 2H), 7.54-

7.51 (m, 3H), 7.46-7.37 (m, 3H), 2.62-2.56 (m, 1H), 1.49-1.45 (m, 1H), 1.19-1.09 (m, 3H). 13C 
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NMR (125 MHz, CDCl3) δ 176.8, 136.6, 136.0, 131.8, 130.7, 129.7, 128.8, 127.7, 126.9, 28.1, 5.2, 

4.9. HRMS (ESI) m/z: [M+H]+ Calcd for C16H16NOS 270.0947; Found 270.0942. 

 

N-Benzoyl 4-nitrophenylmethylsulfimide (3af). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (2:1). M.p. 144 oC-145 oC, 0.0364 g, 0.126 

mmol, 63% yield, 1H NMR (400 MHz, CDCl3) δ 8.37 (d, J = 9.2 Hz, 2H), 8.17-8.14 (m, 2H), 8.01 

(d, J = 9.2 Hz, 2H), 7.50-7.39 (m, 3H), 2.97 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 177.0, 149.9, 

143.3, 135.5, 131.2, 128.7, 127.9, 127.7, 124.8, 34.6. HRMS (ESI) m/z: [M+H]+ Calcd for 

C14H13N2O3S 289.0641; Found 289.0648. 

 

N-Benzoyl 4-fluorophenylmethylsulfimide (3ag). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (2:1). 0.0441 g, 0.168 mmol, 84% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.19-8.14 (m, 2H), 7.86-7.83 (m, 2H), 7.47-7.36 (m, 3H), 7.25-7.21 (m, 

2H), 2.90 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.7, 164.8 (C-F, 1J C-F = 251.3 Hz), 136.1, 

130.8, 129.1 (C-F, 3J C-F = 8.8 Hz), 128.6, 127.8, 117.2 (C-F, 2J C-F = 22.5 Hz), 35.1. 19F NMR 

(500 MHz, CDCl3) δ -106.2. HRMS (ESI) m/z: [M+H]+ Calcd for C14H13FNOS 262.0696; Found 

262.0702. 

 

N-Benzoyl 4-chlorophenylmethylsulfimide (3ah). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (2:1). 0.0443 g, 0.159 mmol, 80% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.16-8.14 (m, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 

7.47-7.37 (m, 3H), 2.91 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.7, 138.5, 136.0, 134.4, 130.9, 

130.1, 128.6, 128.0, 127.8, 34.9. HRMS (ESI) m/z: [M+Na]+ Calcd for C14H12ClNOSNa 300.0220; 

Found 300.0223.  
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N-Benzoyl 4-methoxylphenylmethylsulfimide (3ai). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (2:1). 0.0507 g, 0.185 mmol, 93% yield, 

1H NMR (400 MHz, CDCl3) δ 8.18-8.14 (m, 2H), 7.78 (d, J = 9.2 Hz, 2H), 7.45-7.37 (m, 3H), 7.03 

(d, J = 9.2 Hz, 2H), 3.83 (s, 3H), 2.89 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.5, 162.7, 136.5, 

130.6, 128.7, 128.6, 127.7, 126.3, 115.4, 55.5, 35.1. HRMS (ESI) m/z: [M+H]+ Calcd for 

C15H16NO2S 274.0896; Found 274.0892. 

 

N-Benzoyl 3-methoxylphenylmethylsulfimide (3aj). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (2:1). 0.0527 g, 0.193 mmol, 97% yield, 

1H NMR (400 MHz, CDCl3) δ 8.18-8.15 (m, 2H), 7.46-7.36 (m, 6H), 7.08-7.05 (m, 1H), 3.84 (s, 

3H), 2.91 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.7, 160.5, 137.1, 136.3, 128.6, 127.7, 118.6, 

118.0, 111.6, 55.5, 35.1. HRMS (ESI) m/z: [M+H]+ Calcd for C15H16NO2S 274.0896; Found 

274.0903. 

 

N-Benzoyl 2-methoxylphenylmethylsulfimide (3ak). White solid was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (2:1). M.p, 134 oC-136 oC, 0.0505 g, 

0.185 mmol, 93% yield, 1H NMR (400 MHz, CDCl3) δ 8.24-8.22 (m, 2H), 7.88-7.85 (m, 1H), 7.50-

7.38 (m, 4H), 7.14-7.10 (m, 1H), 7.00-6.97 (m, 1H), 3.95 (s, 3H), 2.89 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 176.5, 156.4, 136.6, 132.9, 130.6, 128.6, 127.7, 126.7, 122.7, 121.9, 56.1, 33.3. HRMS 

(ESI) m/z: [M+H]+ Calcd for C15H16NO2S 274.0896; Found 274.0890. 
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N-Benzoyl 2-chlorophenylmethylsulfimide (3al). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (2:1). M.p. 116 oC-118 oC, 0.0288 g, 0.104 

mmol, 52% yield, 1H NMR (400 MHz, CDCl3) δ 8.22-8.20 (m, 2H), 7.97-7.94 (m, 1H), 7.51-7.40 

(m, 6H), 2.96 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.7, 136.1, 134.2, 132.8, 132.7, 130.9, 130.4, 

128.8, 128.4, 127.8, 127.3, 33.5. HRMS (ESI) m/z: [M+Na]+ Calcd for C14H12ClNOSNa 300.0220; 

Found 300.0230. 

 

N-Benzoyl diphenylsulfimide (3am).18 White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). 0.0238g, 0.078 mmol, 39% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.27-8.25 (m, 2H), 7.84-7.82 (m, 4H), 7.50-7.38 (m, 9H). 

 

N-Benzoyl 4-dimethoxylphenylsulfimide (3an). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). 0.0597 g, 0.163 mmol, 82% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.24-8.23 (m, 2H), 7.72 (d, J = 9.2 Hz, 4H), 7.43-7.36 (m, 3H), 6.96 (d, 

J = 9.2 Hz, 4H), 3.79 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 176.2, 162.3, 136.7, 130.6, 129.5, 

128.8, 128.4, 127.6, 127.40, 127.38, 115.2, 55.5. HRMS (ESI) m/z: [M+H]+ Calcd for C21H20NO3S 

366.1158; Found 366.1164. 

 

N-Benzoyl diphenylsulfimide (3ao). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:1). M.p. 133 oC-135 oC, 0.0590 g, 0.177 

mmol, 88% yield, 1H NMR (400 MHz, CDCl3) δ 8.11-8.08 (m, 2H), 7.44-7.32 (m, 13H), 4.34 (d, J 

= 12.8 Hz, 2H), 4.15 (d, J = 13.2 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 177.4, 136.7, 130.6, 130.4, 

129.1, 128.9, 128.8, 128.5, 127.7, 48.5. HRMS (ESI) m/z: [M+H]+ Calcd for C21H20NOS 334.1260; 

Found 334.1265. 
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N-Benzoyl 2-dihexylsulfimide (3ap). Yellow oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:2). 0.0569 g, 0.176 mmol, 88% yield, 1H 

NMR (400 MHz, CDCl3) δ 8.10 - 8.08 (m, 2H), 7.43-7.34 (m, 3H), 3.12-3.05 (m, 2H), 2.96-2.89 

(m, 2H), 1.82-1.74 (m, 4H), 1.47-1.30 (m, 12H), 0.89 (t, J = 6.8 Hz, 6H). 13C NMR (125 MHz, 

CDCl3) δ 177.2, 136.9, 130.4, 128.5, 127.6, 44.9, 31.1, 28.2, 23.2, 22.2, 13.8. HRMS (ESI) m/z: 

[M+H]+ Calcd for C19H32NOS 322.2199; Found 322.2206.   

 

To a 10 mL schlenk tube, 1y (0.3 mmol, 0.0538 g), 2a (0.2 mmol, 0.0401 g), RuCl2(PPh3)3 (5 mol%, 

0.0096 g), AgOAc (0.2 equiv., 0.0066 g), PhCONHOH (0.1 equiv., 0.0027 g) and MeOH (1 mL) 

were added in sequence. To another 10 mL schlenk tube, 1z (0.3 mmol, 0.0724 g), 2a (0.2 mmol, 

0.0401 g), RuCl2(PPh3)3 (5 mol%, 0.0096 g), AgOAc (0.2 equiv., 0.0066 g), PhCONHOH (0.1 

equiv., 0.0027 g) and MeOH (1 mL) were added in sequence. The two reactions mixture were stirred 

at 30 oC for 10 minutes in air. After the reactions were complete, the reactions mixtures crude were 

diluted with ethyl acetate, filtered and concentrated under vacuum. The product 3aa was purified 

by flash column chromatography on silica gel with ethyl acetate/petroleum ether (1:2) in 94% 

(0.0602 g) and 96% (0.0614 g) yields, respectively. 

Ⅳ. Procedures for the Synthesis of N-allyl-N-(thio)amides. 

 

To a 10 mL reaction tube were added 1 (0.2 mmol), 2 (0.26 mmol), RuCl2(PPh3)3 (5 mol%, 0.0096 

g), AgOAc (0.2 equiv., 0.0066 g), PhCONHOH (0.1 equiv., 0.0027 g) and MeOH (1 mL) were 

added in sequence. The reaction mixture was then stirred at 30 oC for 10 min in air. After the reaction 
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was complete, the reaction mixture crude was diluted with ethyl acetate, filtered and concentrated 

under vacuum. The resulting crude mixture was purified by flash column chromatography on silica 

gel. (heating source: heating mantle) 

 

N-Allyl-N-(phenylthio)benzamide (4aq). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 60 oC-62 oC, 0.0460 g, 0.171 mmol, 

85% yield, 1H NMR (400 MHz, CDCl3) δ 7.43-7.41 (m, 2H), 7.34-7.30 (m, 1H), 7.28-7.27 (m, 1H), 

7.25-7.23 (m, 3H), 7.18-7.12 (m, 1H), 7.04 (d, J = 7.6 Hz, 2H), 5.94-5.85 (m, 1H), 5.20-5.16 (m, 

2H), 4.28 (d, J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 175.9, 137.7, 135.2, 132.7, 130.2, 

129.2, 127.8, 127.4, 126.9, 124.4, 118.3, 54.2. HRMS (ESI) m/z: [M+H]+ Calcd for C16H16NOS 

270.0947; Found 270.0952. 

 

N-Allyl-N-((2-methoxyphenyl)thio)benzamide (4ar). White solid was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). M.p. 101 oC-102 oC, 0.0482 g, 

0.161 mmol, 80% yield, 1H NMR (400 MHz, CDCl3) δ 7.43-7.40 (m, 2H), 7.31-7.28 (m, 1H), 7.23-

7.20 (m, 2H), 7.13-7.09 (m, 1H), 7.00-6.98 (m, 1H), 6.95-6.91 (m, 1H), 6.72 (d, J = 7.6 Hz, 1H), 

5.96-5.87 (m, 1H), 5.21-5.15 (m, 2H), 4.27 (d, J = 5.6 Hz, 2H), 3.67 (s, 3H). 13C NMR (125 MHz, 

CDCl3) δ 176.2, 154.4, 135.3, 132.8, 130.2, 127.7, 127.4, 127.3, 126.2, 124.1, 121.4, 118.1, 110.7, 

55.6, 54.0. HRMS (ESI) m/z: Calcd for C17H18NO2S: [M+H]+ 300.1053; Found 300.1060. 

 

N-Allyl-N-((2-bromophenyl)thio)benzamide (4as). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 65 oC-67 oC, 0.0550 g, 0.158 mmol, 
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79% yield, 1H NMR (400 MHz, CDCl3) δ 7.41-7.38 (m, 3H), 7.34-7.29 (m, 2H), 7.25-7.21 (m, 2H), 

7.04-6.97 (m, 2H), 5.98-5.88 (m, 1H), 5.24-5.19 (m, 2H), 4.29 (d, J = 5.6 Hz, 2H). 13C NMR (125 

MHz, CDCl3) δ 175.8, 139.0, 134.6, 133.1, 132.3, 130.5, 128.1, 127.9, 127.2, 127.0, 123.2, 118.7, 

116.2, 54.3. HRMS (ESI) m/z: [M+Na]+ Calcd for C16H14BrNOSNa 369.9872; Found 369.9877. 

 

N-Allyl-N-((3-methoxyphenyl)thio)benzamide (4at). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). 0.0498 g, 0.166 mmol, 83% yield, 

1H NMR (400 MHz, CDCl3) δ 7.43-7.41 (m, 2H), 7.34-7.30 (m, 1H), 7.26-7.23 (m, 2H), 7.18-7.15 

(m, 1H), 6.68-6.61 (m, 2H), 6.56 (s, 1H), 5.95-5.85 (m, 1H), 5.21-5.16 (m, 2H), 4.29 (d, J = 5.6 Hz, 

2H), 3.69 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 175.8, 160.3, 139.2, 135.1, 132.7, 130.3, 130.2, 

127.8, 127.4, 118.4, 116.3, 112.6, 109.4, 55.3, 54.3. HRMS (ESI) m/z: [M+H]+ Calcd for 

C17H18NO2S 300.1053; Found 300.1055. 

 

N-Allyl-N-((3-bromophenyl)thio)benzamide (4au). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). 0.0513 g, 0.147 mmol, 74% yield, 

1H NMR (400 MHz, CDCl3) δ 7.43-7.41 (m, 2H), 7.34-7.30 (m, 1H), 7.26-7.23 (m, 2H), 7.26-7.24 

(m, 1H), 7.15-7.10 (m, 2H), 6.95 (d, J = 8.0 Hz, 1H), 5.93-5.84 (m, 1H), 5.21-5.16 (m, 2H), 4.28 (d, 

J = 5.6 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 175.7, 140.2, 134.8, 132.4, 130.6, 130.4, 129.8, 

127.9, 127.3, 126.5, 123.3, 122.4, 118.7, 54.5. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C16H14BrNOSNa 369.9872; Found 369.9875. 
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N-Allyl-N-((4-methylphenyl)thio)benzamide (4av). White solid was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). M.p. 84 oC-85 oC, 0.0461 g, 

0.163 mmol, 81% yield, 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 7.2 Hz, 2H), 7.34-7.27 (m, 2H), 

7.25-7.24 (m, 1H), 7.05 (d, J = 8.0 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 5.93-5.83 (m, 1H), 5.20-5.15 

(m, 2H), 4.25 (d, J = 5.6 Hz, 2H), 2.24 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 175.9, 137.5, 135.4, 

133.8, 132.9, 130.1, 130.0, 127.8, 127.6, 125.9, 118.2, 54.0, 21.0. HRMS (ESI) m/z: [M+Na]+ 

Calcd for C17H17NOSNa 306.0923; Found 306.0920. 

 

N-Allyl-N-((4-chlorophenyl)thio)benzamide (4aw). Yellow solid was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). M.p. 90 oC-92 oC, 0.0549 g, 

0.181 mmol, 90% yield, 1H NMR (400 MHz, CDCl3) δ 7.41-7.39 (m, 2H), 7.36-7.32 (m, 1H), 7.28-

7.26 (m, 1H), 7.25-7.21 (m, 3H), 6.97 (d, J = 8.4 Hz, 2H), 5.92-5.83 (m, 1H), 5.20-5.15 (m, 2H), 

4.26 (d, J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 175.7, 136.2, 134.9, 133.0, 132.6, 130.4, 

129.4, 127.9, 127.4, 126.0, 118.6, 54.4. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15ClNOS 

304.0557; Found 304.0565. 

 

N-Allyl-N-((4-bromophenyl)thio)benzamide (4ax). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 90 oC-92 oC, 0.0554 g, 0.159 mmol, 

79% yield, 1H NMR (400 MHz, CDCl3) δ 7.41-7.35 (m, 4H), 7.34-7.31 (m, 1H), 7.27-7.26 (m, 1H), 

7.25-7.23 (m, 1H), 6.91 (d, J = 8.8 Hz, 2H), 5.92-5.83 (m, 1H), 5.20-5.15 (m, 2H), 4.26 (d, J = 6.0 

Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 175.7, 136.9, 134.9, 132.5, 132.3, 130.4, 127.9, 127.4, 

126.0, 120.7, 118.6, 54.4. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15BrNOS 348.0052; Found 

348.0061. 
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N-Allyl-N-(naphthalen-2-ylthio)benzamide (4ay). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 75 oC-77 oC, 0.0493 g, 0.154 mmol, 

77% yield, 1H NMR (400 MHz, CDCl3) δ 7.73-7.67 (m, 3H), 7.47-7.44 (m, 3H), 7.42-7.36 (m, 2H), 

7.32-7.29 (m, 1H), 7.24-7.20 (m, 2H), 7.11-7.08 (m, 1H), 5.97-5.87 (m, 1H), 5.21-5.17 (m, 2H), 

4.34 (d, J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 175.9, 135.2 135.1, 133.6, 132.7, 132.2, 

130.3, 129.1, 127.9, 127.40, 127.35, 127.0, 126.2, 122.6, 122.3, 118.5, 54.3. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C20H17NOSNa 342.0923; Found 342.0933. 

 

N-(2-Bromoallyl)-N-(phenylthio)benzamide (4az). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 66 oC-68 oC, 0.0433 g, 0.124 mmol, 

62% yield, 1H NMR (400 MHz, CDCl3) δ 7.49-7.47 (m, 2H), 7.38-7.34 (m, 1H), 7.31-7.27 (m, 2H), 

7.25-7.23 (m, 2H), 7.18-7.14 (m, 1H), 7.02 (d, J = 7.6 Hz, 2H), 5.75 (d, J = 2.0 Hz, 1H), 5.63 (d, J 

= 2.0 Hz, 1H), 4.51 (s, 2H). 13C NMR (125 MHz, CDCl3) δ 176.0, 136.9, 134.6, 130.5, 129.4, 128.2, 

127.9, 127.8, 127.4, 125.3, 119.7, 57.6. HRMS (ESI) m/z: [M+Na]+ Calcd for C16H14BrNOSNa 

369.9872; Found 369.9880. 

 

N-(2-Methylallyl)-N-(phenylthio)benzamide (4aa’). White solid was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). M.p. 61 oC-62 oC, 0.0453 g, 

0.160 mmol, 80% yield, 1H NMR (400 MHz, CDCl3) δ 7.43-7.41 (m, 2H), 7.35-7.31 (m, 1H), 7.28-

7.27 (m, 1H), 7.26-7.23 (m, 3H), 7.15-7.12 (m, 1H), 7.02 (d, J = 7.6 Hz, 2H), 4.92 (d, J = 0.8 Hz, 
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1H), 4.81 (d, J = 0.8 Hz, 1H), 4.23 (s, 2H), 1.71 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.2, 

140.2, 137.5, 135.3, 130.2, 129.3, 127.8, 127.4, 127.0, 124.8, 113.0, 56.1, 20.2. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C17H17NOSNa 306.0923; Found 306.0929. 

 

N-Allyl-4-methyl-N-(phenylthio)benzamide (4bq). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 60 oC-61 oC, 0.0441 g, 0.155 mmol, 

78% yield, 1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.14-

7.11 (m, 1H), 7.06-7.03 (m, 4H), 5.94-5.84 (m, 1H), 5.19-5.15 (m, 2H), 4.26 (d, J = 6.0 Hz, 2H), 

2.26 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.0, 140.6, 137.8, 132.8, 132.1, 129.2, 128.5, 127.6, 

126.7, 124.3, 118.3, 54.2, 21.4. HRMS (ESI) m/z: [M+Na]+ Calcd for C17H17NOSNa 306.0923; 

Found 306.0926. 

 

N-Allyl-3-methyl-N-(phenylthio)benzamide (4cq). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). 0.0425 g, 0.149 mmol, 75% 

yield, 1H NMR (400 MHz, CDCl3) δ 7.28-7.27 (m 1H), 7.25-7.24 (m, 1H), 7.21-7.19 (m, 2H), 7.15-

7.11 (m, 3H), 7.04 (d, J = 7.6 Hz, 2H), 5.94-5.84 (m, 1H), 5.20-5.15 (m, 2H), 4.27 (d, J = 6.0 Hz, 

2H), 2.23 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 176.1, 137.8, 137.6, 135.1, 132.8, 131.0, 129.2, 

128.0, 127.6, 126.8, 124.5, 124.3, 118.3, 54.2, 21.2. HRMS (ESI) m/z: [M+H]+ Calcd for 

C17H18NOS 284.1104; Found 284.1110. 

 

N-Allyl-3-fluoro-N-(phenylthio)benzamide (4fq). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). 0.0456 g, 0.159 mmol, 79% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.28-7.27 (m, 1H), 7.26-7.24 (m, 1H), 7.23-7.14 (m, 3H), 7.13-7.09 (m, 

1H), 7.03-6.98 (m, 3H), 5.93-5.83 (m, 1H), 5.20-5.16 (m, 2H), 4.28 (d, J = 6.0 Hz, 2H). 13C NMR 
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(125 MHz, CDCl3) δ 174.5, 162.0 (C-F, 1J C-F = 246.3 Hz), 137.3, 137.2, 132.4, 129.6 (C-F, 3J C-

F = 7.5 Hz), 129.3, 127.1, 124.5, 123.1 (C-F, 4J C-F = 3.8 Hz), 118.6, 117.3, 117.1, 114.7 (C-F, 2J 

C-F = 23.8 Hz), 54.3. 19F NMR (500 MHz, CDCl3) δ -117.7. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C16H14FNOSNa 310.0672; Found 310.0670. 

 

N-Allyl-3-chloro-N-(phenylthio)benzamide (4gq). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). 0.0458 g, 0.151 mmol, 75% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.38 (s, 1H), 7.30-7.27 (m, 4H), 7.19-7.14 (m, 2H), 7.03 (d, J = 7.6 Hz, 

2H), 5.93-5.83 (m, 1H), 5.21-5.17 (m, 2H), 4.28 (d, J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) 

δ 174.5, 137.3, 137.0, 133.9, 132.4, 130.3, 129.4, 129.2, 127.7, 127.2, 125.4, 124.6, 118.7, 54.3. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C16H14ClNOSNa 326.0377; Found 326.0373. 

 

N-Allyl-4-fluoro-N-(phenylthio)benzamide (4hq). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). 0.0473 g, 0.165 mmol, 82% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.46-7.42 (m, 2H), 7.25-7.23 (m, 2H), 7.15-7.11 (m, 1H), 7.02-7.00 (m, 

2H), 6.94-6.89 (m, 2H), 5.93-5.83 (m, 1H), 5.19-5.15 (m, 2H), 4.26 (d, J = 6.0 Hz, 2H). 13C NMR 

(125 MHz, CDCl3) δ 174.9, 163.8 (C-F, 1J C-F = 250.0 Hz), 137.6, 132.6, 131.0, 130.0 (C-F, 3J C-

F = 8.8 Hz), 129.3, 127.0, 124.3, 118.5, 114.9 (C-F, 2J C-F = 21.3 Hz), 54.4. 19F NMR (500 MHz, 

CDCl3) δ -109.1. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15FNOS 288.0853; Found 288.0860. 

 

N-Allyl-4-chloro-N-(phenylthio)benzamide (4iq). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 75 oC-77 oC, 0.0443 g, 0.146 mmol, 

73% yield, 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 8.8 Hz, 2H), 7.28-7.27 (m, 1H), 7.25-7.21 

(m, 3H), 7.17-7.13 (m, 1H), 7.02 (d, J = 7.2 Hz, 2H), 5.93-5.83 (m, 1H), 5.21-5.16 (m, 2H), 4.27 (d, 
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J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 174.9, 137.4, 136.4, 133.5, 132.5, 129.3, 129.0, 

128.1, 127.0, 124.5, 118.6, 54.3. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15ClNOS 304.0557; 

Found 304.0565. 

 

N-Allyl-4-bromo-N-(phenylthio)benzamide (4jq). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 76 oC-77 oC, 0.0588 g, 0.169 mmol, 

84% yield, 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.4 Hz, 2H), 7.31-7.27 (m, 3H), 7.26-7.24 

(m, 1H), 7.18-7.13 (m, 1H), 7.01 (d, J = 7.6 Hz, 2H), 5.93-5.83 (m, 1H), 5.20-5.16 (m, 2H), 4.27 (d, 

J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 174.9, 137.4, 134.0, 132.5, 131.0, 129.4, 129.1, 

127.0, 124.7, 124.2, 118.6, 54.3. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15BrNOS 348.0052; 

Found 348.0055. 

 

N-Allyl-N-(phenylthio)thienylcarboxamide (4lq). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). 0.0430 g, 0.156 mmol, 78% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.92 (d, J = 3.6 Hz, 1H), 7.39 (d, J = 5.2 Hz, 1H), 7.29-7.27 (m, 1H), 

7.25-7.24 (m, 1H), 7.16-7.11 (m, 3H), 6.95-6.93 (m, 1H), 5.91-5.81 (m, 1H), 5.18-5.13 (m, 2H), 

4.29 (d, J = 5.2 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 166.8, 137.4, 135.3, 134.2, 132.58, 132.55, 

129.4, 127.0, 126.7, 124.1, 118.4, 55.7. HRMS (ESI) m/z: [M+H]+ Calcd for C14H14NOS2 276.0511; 

Found 276.0516. 

 

N-Allyl-N-(phenylthio)naphthylcarboxamide (4mq). White solid was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). M.p. 55 oC-57 oC, 0.0324 g, 

0.101 mmol, 50% yield, 1H NMR (400 MHz, CDCl3) δ 7.94 (s, 1H), 7.74-7.69 (m, 3H), 7.51-7.48 

(m, 1H), 7.45-7.37 (m, 2H), 7.25-7.23 (m, 2H), 7.15-7.12 (m, 1H), 7.05 (d, J = 7.6 Hz, 2H), 5.99-
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5.89 (m, 1H), 5.24-5.19 (m, 2H), 4.33 (d, J = 5.6 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 176.0, 

137.7, 134.1, 132.8, 132.5, 132.3, 129.3, 128.6, 127.8, 127.7, 127.4, 127.2, 126.9, 126.5, 124.6, 

118.5, 54.4. HRMS (ESI) m/z: [M+H]+ Calcd for C20H18NOS 320.1104; Found 320.1114. 

 

N-Allyl-N-(phenylthio)cyclohexylcarboxamide (4oq). Colorless oil was obtained by silica gel 

column chromatography with ethyl acetate/petroleum ether (1:30). 0.0389 g, 0.141 mmol, 71% yield, 

1H NMR (400 MHz, CDCl3) δ 7.31-7.28 (m, 2H), 7.17-7.14 (m, 1H), 7.03 (d, J = 7.6 Hz, 2H), 5.81-

5.71 (m, 1H), 5.10-5.05 (m, 2H), 4.16 (d, J = 5.2 Hz, 2H), 3.18-3.12 (m, 1H), 1.73-1.65 (m, 5H), 

1.48-1.39 (m, 2H), 1.19-1.15 (m, 3H). 13C NMR (125 MHz, CDCl3) δ 181.5, 138.3, 133.0, 129.3, 

126.4, 123.0, 117.5, 53.6, 40.4, 29.9, 25.7, 25.5. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C16H21NOSNa 298.1236; Found 298.1241. 

 

N-Allyl-4-methoxy-N-(phenylthio)benzamide (4pq). Reddish brown oil was obtained by silica 

gel column chromatography with ethyl acetate/petroleum ether (1:30). 0.0458 g, 0.153 mmol, 76% 

yield, 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 8.8 Hz, 2H), 7.15-7.11 

(m, 1H), 7.06-7.03 (m, 2H), 6.75 (d, J = 8.8 Hz, 2H), 5.94-5.85 (m, 1H), 5.19-5.15 (m, 2H), 4.26 (d, 

J = 6.0 Hz, 2H), 3.72 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 175.6, 161.5, 138.1, 133.1, 130.1, 

129.4, 127.0, 126.9, 124.3, 118.4, 113.2, 55.4, 54.6. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C17H17NO2SNa 322.0872; Found 322.0880. 

 

N-Allyl-4-nitro-N-(phenylthio)benzamide (4qq). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 70 oC-72 oC, 0.0498 g, 0.158 mmol, 

79% yield, 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.30-

7.27 (m, 2H), 7.19-7.16 (m, 1H), 7.00 (d, J = 7.6 Hz, 2H), 5.95-5.85 (m, 1H), 5.24-5.20 (m, 2H), 
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4.32 (d, J = 6.0 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 173.9, 148.5, 141.6, 136.9, 132.0, 129.5, 

128.1, 127.4, 124.2, 123.1, 119.1, 54.2. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15N2O3S 

315.0798; Found 315.0794. 

 

N-Allyl-4-cyano-N-(phenylthio)benzamide (4rq). Brown oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). 0.0461 g, 0.156 mmol, 78% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 Hz, 2H), 7.30-7.26 (m, 2H), 

7.19-7.15 (m, 1H), 7.00 (d, J = 7.6 Hz, 2H), 5.93-5.83 (m, 1H), 5.22-5.18 (m, 2H), 4.30 (d, J = 6.0 

Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 174.1, 139.8, 136.9, 132.0, 131.7, 129.5, 127.8, 127.3, 

124.2, 119.0, 118.0, 113.7, 54.2. HRMS (ESI) m/z: Calcd for C17H15N2OS 295.0900; Found 

295.0903. 

 

N-Allyl-4-iodo-N-(phenylthio)benzamide (4sq). White solid was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). M.p. 75 oC-77 oC, 0.0525 g, 0.133 mmol, 

67% yield, 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 8.4 Hz, 2H), 7.29-7.27 (m, 1H), 7.26-7.25 

(m, 1H), 7.18-7.13 (m, 3H), 7.01 (d, J = 7.6 Hz, 2H), 5.93-5.82 (m, 1H), 5.20-5.16 (m, 2H), 4.27 (d, 

J = 5.6 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ 175.1, 137.4, 137.0, 134.6, 132.5, 129.4, 129.1, 

127.0, 124.2, 118.7, 96.7, 54.3. HRMS (ESI) m/z: [M+H]+ Calcd for C16H15INOS 395.9914; Found 

395.9919. 

 

 

 

N-Allyl-2-phenyl-N-(phenylthio)acetamide (4tq). Colorless oil was obtained by silica gel column 

chromatography with ethyl acetate/petroleum ether (1:30). 0.0445 g, 0.157 mmol, 79% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.25-7.24 (m, 2H), 7.21-7.11 (m, 6H), 6.99 (d, J = 7.6 Hz, 2H), 5.80-

5.71 (m, 1H), 5.08-5.03 (m, 2H), 4.17 (d, J = 5.2 Hz, 2H), 3.97 (s, 2H). 13C NMR (125 MHz, CDCl3) 
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δ 176.4, 137.6, 134.8, 132.6, 129.4, 129.3, 128.4, 126.8, 126.6, 123.0, 118.1, 54.0, 40.1. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C17H17NOSNa 306.0923; Found 306.0926. 

Ⅴ. Experiments with 3-phenyl-1,4,2-dioxazol-5-one 

 

To a 10 mL reaction tube were added 9 (0.3 mmol, 0.0489 g), 2a (0.2 mmol, 0.0401 g), RuCl2(PPh3)3 

(5 mol%, 0.0096 g), AgOAc (0.2 equiv., 0.0066 g), PhCONHOH (0.1 equiv., 0.0027 g) and MeOH 

(1 mL) were added in sequence. To another 10 mL reaction tube were added 9 (0.2 mmol, 0.0326 

g), 2q (0.26 mmol, 0.0391 g), RuCl2(PPh3)3 (5 mol%, 0.0096 g), AgOAc (0.2 equiv., 0.0066 g), 

PhCONHOH (0.1 equiv., 0.0027 g) and MeOH (1 mL) were added in sequence The two reactions 

were then stirred at 30 oC for 10 min in air. After the reactions were complete, the reactions mixtures 

crude were diluted with ethyl acetate, filtered and concentrated under vacuum. The resulting crude 

mixtures 3aa (0.0464 g, 0.145 mmol, 73% yield) and 4aq (0.0208 g, 0.077 mmol, 39% yield) were 

purified by flash column chromatography on silica gel with ethyl acetate/petroleum ether (1:2) and 

ethyl acetate/petroleum ether (1:30), respectively. 

ⅤI. Crystal Structures for 3ae and 4ar 

The X-ray crystal structure of 3ae and 4ar (displacement ellipsoids are drawn at 30% probability 

level), CCDC: 1911530 and CCDC:1892371 
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Table S1.  Crystal data and structure refinement for 3ae 

Identification code 3ae (CCDC: 191150) 

Empirical formula    C16H15NOS 

Formula weight 269.35 

Temperature 293(2) K 

Wavelength 1.54178 A 

Crystal system, space group    Orthorhombic, Pbca 

Unit cell dimensions a/Å = 11.480(4)    alpha = 90 deg.  

b/Å = 10.288(4)    beta = 90 deg.  

  c/Å = 23.842(9)    gamma = 90 deg. 

Volume/Å3 2815.9(18) 

Z 8 

Ρ calcg/cm3 1.271 

μ/mm-1 1.959 

F(000)   1136 

Crystal size/mm3   0.20 x 0.20 x 0.20 

Radiation CuKα (λ = 1.54178) 

2Θ range for data collection/° 3.708 to 68.380 

Index ranges -13<=h<=13, -12<=k<=12, -28<=l<=28  

Reflections collected 32749 

Independent reflections 2572 [R(int) = 0.0408] 

Data / restraints / parameters   2572 / 0 / 172 

Goodness-of-fit on F2   1.668 

Final R indices [I>2σ(I)] R1 = 0.0490, wR2 = 0.1871 

R indices (all data) R1 = 0.0521, wR2 = 0.1941 

Largest diff. peak/hole/e.Å-3 0.381 and -0.571 
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Table S2.  Crystal data and structure refinement for 4ar 

Identification code 4ar (CCDC: 1892371) 

Empirical formula    C17H17NO2S 

Formula weight 299.38 

Temperature 298(2) K 

Wavelength 0.71073 A 

Crystal system, space group    Orthorhombic, Pbca 

Unit cell dimensions a/Å = 10.663(2)    alpha = 90 deg.  

b/Å = 11.123(3)    beta = 124.101(9) deg.  

  c/Å = 16.123(3)    gamma = 90 deg. 

Volume/Å3 1583.4(6) 

Z 4 

Ρ calcg/cm3 1.256 

μ/mm-1 0.208 

F(000)   632 

Crystal size/mm3   0.30 x 0.25 x 0.21 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 2.38 to 26.00 

Index ranges -13<=h<=13, -13<=k<=13, -19<=l<=19 

Reflections collected 11054 

Independent reflections 3099 [R(int) = 0.0391] 

Data / restraints / parameters   3099 / 0 / 191 

Goodness-of-fit on F2   1.078 

Final R indices [I>2σ(I)] R1 = 0.0496, wR2 = 0.1516 

R indices (all data) R1 = 0.0583, wR2 = 0.1585 

Largest diff. peak/hole/e.Å-3 0.246 and -0.235 

Preparation of the crystal 3ae and 4ar 

In a test tube, product 3ae (25 mg) was dissolved in EtOAc (5 mL). Then the closed tube was left 

at ambient temperature until the well-shaped single crystals formed. In a test tube, product 4ar (30 

mg) was dissolved in 6 mL of EtOAc/PE (v1/v2 = 1:1). Then the closed tube was left at ambient 

temperature until the well-shaped single crystals formed. 

Crystal measurement 

The data of 3ae were collected on a Smart APEX CCD diffractometer with graphite monochromated 

Cu-Kα radiation (λ = 1.54178 Å) at 293.2 K. The data of 4ar were collected on a Smart APEX CCD 

diffractometer with graphite monochromated Mo-Kα radiation (λ = 0.71073 Å) at 298.2 K. 
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ⅤII. Control Experiments. 

 

To a 10 mL schlenk tube, 1a (0.2 mmol, 0.0443 g), 2b’ (0.26 mmol, 0.0464 g), RuCl2(PPh3)3 (5 

mol%, 0.0096 g), AgOAc (0.2 equiv., 0.0066 g), PhCONHOH (0.1 equiv., 0.0027 g) and MeOH (1 

mL) were added in sequence. The reaction mixture was stirred at 30 oC for 10 minutes in air. After 

the reaction was complete, the combined organic layers were filtered, and concentrated under 

reduced pressure. The yield of 3ab’, 4ab’ and 1a was determined by the 1H NMR using the 

mesitylene as the internal standard. Full conversion after 14 h in the NMR tube, the 4ab’ was 

obtained by column chromatography on silica gel (PE/EA = 80:1) as colorless oil. The yield of 3ab’ 

= (0.30/1.00) * 100% = 30%，the yield of 4ab’ = (0.06/1.00) * 100% = 6%, the yield of 1a = 

(5.30/9.00) * 100% = 59% 

 

1H NMR (500 MHz, CDCl3) for the mixture of 3ab’ and 4ab’ 

N-(2-Methylbut-3-en-2-yl)-N-(phenylthio)benzamide (4ab’). Colorless oil, 0.0173 g, 0.058 

mmol, 29% yield, 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 2H), 7.34-7.26 (m, 4H), 7.26-7.25 
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(m, 1H), 7.18-7.14 (m, 3H), 6.29-6.22 (m, 1H), 5.15-5.04 (m, 2H), 1.62 (s, 6H).13C NMR (125 MHz, 

CDCl3) δ 177.3, 144.7, 140.6, 137.9, 129.9, 128.9, 127.7, 127.2, 126.6, 124.4, 111.5, 65.8, 27.1. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C18H19NOSNa 320.1080; Found 320.1085. 

 

1H NMR (400 MHz, CDCl3) for 4ab’ 

 

13C NMR (125 MHz, CDCl3) for 4ab’ 
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To a 10 mL schlenk tube, 1a (0.2 mmol, 0.0443 g), 2f (0.2 mmol, 0.0338 g), 2i (0.2 mmol, 0.0308 

g), RuCl2(PPh3)3 (5 mol%, 0.0096 g), AgOAc (0.2 equiv., 0.0066 g), PhCONHOH (0.1 equiv., 

0.0027 g) and MeOH (1 mL) were added in sequence. The reaction mixture was stirred at 30 oC for 

10 minutes in air. After the reaction was complete, the reaction mixture crude was diluted with ethyl 

acetate, filtered and concentrated under vacuum. The yield of 3af and 3ai was determined by the 1H 

NMR using the mesitylene as the internal standard. The yield of 3af = (0.41/3.00) * 100% = 14%, 

the yield of 3ai = (2.19/3.00) * 100% = 73%. 

 

1H NMR (400 MHz, CDCl3) for the mixture of 3af and 3ai 

ⅥII. Synthetic Applications. 

 

To a 250 mL round bottle flask were added N-(Pivaloyloxy)benzamide (6 mmol, 1.3 g), benzyl 
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phenyl sulfide (4 mmol, 0.8 g), RuCl2(PPh3)3 (5 mol%, 0.19 g), AgOAc (20 mol%, 0.13 g), 

PhCONHOH (10 mol%, 0.05 g) in MeOH (10 mL). The reaction mixture was then stirred at 30 oC 

for 10 min in air. After the reaction was complete, monitored by TLC. And then the reaction mixture 

crude was diluted with ethyl acetate, filtered and concentrated under vacuum. The resulting crude 

mixture was purified by flash column chromatography on silica gel with EA/PE (1:2). 

 

To a 250 mL round bottle flask were added N-(Pivaloyloxy)benzamide (5 mmol, 1.10 g), 

Allyl(phenyl) sulfide (6.5 mmol, 0.99 g), RuCl2(PPh3)3 (5 mol%, 0.24 g), AgOAc (20 mol%, 0.17 

g), PhCONHOH (10 mol%, 0.07 g) in MeOH (10 mL). The reaction mixture was then stirred at 30 

oC for 10 min in air. After the reaction was complete, monitored by TLC. And then the reaction 

mixture crude was diluted with ethyl acetate, filtered and concentrated under vacuum. The resulting 

crude mixture was purified by flash column chromatography on silica gel with EA/PE (1:30). 

  

To a 10 mL schlenk tube, 3ab (0.5 mmol, 0.1217 g), NaIO4 (2 equiv., 0.2139 g), CH2Cl2 (2 mL) and 

H2O (1 mL) were added in sequence19. After stirring at rt for one, the mixture was extracted with 

dichloromethane, dried over sodium sulfate, and concentrated under reduced pressure. the prodcut 

was purified by flash column chromatography with PE/EtOAc (3:1) to give the corresponding N-

Benzoyl methylphenylsulfoximine 520 as a while solid (0. 1115 g, 0.43 mmol, 86% yield). 1H NMR 

(500 MHz, CDCl3) δ 8.17 (d, J = 8.0 Hz, 2H), 8.07 (d, J = 7.5 Hz, 2H), 7.69 (m, 1H), 7.62 (m, 2H), 7.52 

(m, 1H), 7.42 (m, 2H), 3.48 (s, 3H). 

 



S38 

 

To a 10 mL schlenk tube were added 4av (0.1 mmol, 0.0283 g), DEA (40 mol%, 4 μL), oxone (1.5 

equiv., 0,0922 g) in mixture of CH3CN (0.5 mL)/H2O (0.5 mL)21, and then the reaction was stirred 

at rt for 2 h in air. After the reaction was complete, the micture crude was quenched by the Na2S2O3 

(10 mL) and extracred by the EtOAc (10 mL), and then saturated NaCl (10 mL) was added to 

remove the water. The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure. The crude product was purified by column chromatography 

on silica gel (PE/EA = 6:1) to give the product 6 0.0251 g (0.083 mmol, 83% yield) as a white solid. 

M.p. 82 oC-84 oC, 1H NMR (400 MHz, CDCl3) δ 7.86-7.83 (m, 2H), 7.49-7.40 (m, 5H), 7.27 (d, J 

= 8.0 Hz, 2H), 5.59-5.49 (m, 1H), 4.92-4.87 (m, 2H), 3.99-3.93 (m, 1H), 3.87-3.82 (m, 1H), 2.36 (s, 

3H). 13C NMR (125 MHz, CDCl3) δ 171.8, 142.8, 138.9, 134.4, 132.9, 131.3, 130.0, 128.6, 128.3, 

125.5, 117.9, 42.9, 21.4. HRMS (ESI) m/z: [M+H]+ Calcd for C17H18NO2S 300.1053; Found 

300.1060. 

 

To a 10 mL schlenk tube were added 4aa (0.2 mmol, 0.0538 g), KOH (2 equiv., 0.0224 g) in MeOH 

(1 mL) and stirred at rt for 12 h in air22. After the reaction was complete, the combined organic 

layers were filtered, and concentrated under reduced pressure. The crude product was purified by 

column chromatography on silica gel (PE/EA = 5:1) to give the product 723 0.0284 g (0.176 mmol, 

87% yield) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.80-7.78 (m, 2H), 7.51-7.48 (m, 1H), 

7.44-7.40 (m, 2H), 6.38 (s, 1H), 5.98-5.89 (m, 1H), 5.26 (dd, J = 17.2, 1.2 Hz, 1H), 5.19-5.17 (dd, 

J = 10.4, 1.2 Hz, 1H), 4.08 (t, J = 6.0 Hz, 2H). 

 

To a 10 mL schlenk tube were added 4av (0.1 mmol, 0.0283 g), NIS (1.2 equiv., 0.0270 g) in DCM 

(1 mL) and stirred at rt for 12 h in N2
22

. After the reaction was complete, the combined organic 

layers were filtered, and concentrated under reduced pressure. The crude product was purified by 

column chromatography on silica gel (PE/EA = 8:1) to give the product 825 0.0240 g (0.084 mmol, 
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84% yield) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.89-7.87 (m, 2H), 7.45-7.33 (m, 3H), 

4.79-4.72 (m, 1H), 4.12 (dd, J = 15.2, 9.6 Hz, 1H), 3.74 (dd, J = 15.2, 6.8 Hz, 1H), 3.34-3.24 (m, 

2H). 
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IX. NMR Spectra 

 

1H NMR (500 MHz, CDCl3) for 1a 

 

1H NMR (500 MHz, CDCl3) for 1b 
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1H NMR (500 MHz, CDCl3) for 1c 

 

1H NMR (500 MHz, CDCl3) for 1d 
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1H NMR (500 MHz, CDCl3) for 1e 

 

1H NMR (500 MHz, CDCl3) for 1f 
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1H NMR (500 MHz, CDCl3) for 1g 

 

1H NMR (500 MHz, CDCl3) for 1h 
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1H NMR (500 MHz, CDCl3) for 1i 

 

1H NMR (500 MHz, CDCl3) for 1j 
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1H NMR (500 MHz, CDCl3) for 1k 

 

1H NMR (500 MHz, CDCl3) for 1l 
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1H NMR (500 MHz, CDCl3) for 1m 

 

1H NMR (500 MHz, CDCl3) for 1n 
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1H NMR (500 MHz, CDCl3) for 1o 

 

1H NMR (500 MHz, CDCl3) for 1p 
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1H NMR (500 MHz, CDCl3) for 1q 

 

1H NMR (500 MHz, CDCl3) for 1r 
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1H NMR (500 MHz, CDCl3) for 1s 

 

1H NMR (500 MHz, CDCl3) for 1t 
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1H NMR (400 MHz, CDCl3) for 1w 

 

1H NMR (500 MHz, CDCl3) for 1x 
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13C NMR (125 MHz, CDCl3) for 1x 

 

1H NMR (400 MHz, DMSO-d6) for 1y 
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1H NMR (400 MHz, DMSO-d6) for 1z 

 

 

1H NMR (500 MHz, CDCl3) for 2q 
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1H NMR (500 MHz, CDCl3) for 2r 

 

1H NMR (500 MHz, CDCl3) for 2s 
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1H NMR (500 MHz, CDCl3) for 2t 

 

1H NMR (500 MHz, CDCl3) for 2u 
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1H NMR (500 MHz, CDCl3) for 2v 

 

1H NMR (500 MHz, CDCl3) for 2w 
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1H NMR (500 MHz, CDCl3) for 2x 

 

1H NMR (500 MHz, CDCl3) for 2y 
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1H NMR (500 MHz, CDCl3) for 2z 

 

1H NMR (500 MHz, CDCl3) for 2a’ 
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1H NMR (500 MHz, CDCl3) for 2b’ 

 

1H NMR (400 MHz, CDCl3) for 3aa 
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13C NMR (125 MHz, CDCl3) for 3aa 

 

1H NMR (400 MHz, CDCl3) for 3ba 
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13C NMR (125 MHz, CDCl3) for 3ba 

 

1H NMR (400 MHz, CDCl3) for 3ca 
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13C NMR (125 MHz, CDCl3) for 3ca 

 

1H NMR (400 MHz, CDCl3) for 3da 
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13C NMR (125 MHz, CDCl3) for 3da 

 

1H NMR (400 MHz, CDCl3) for 3ea 
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13C NMR (125 MHz, CDCl3) for 3ea 

 

1H NMR (400 MHz, CDCl3) for 3fa 
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13C NMR (125 MHz, CDCl3) for 3fa 

 

19F NMR (500 MHz, CDCl3) for 3fa 
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1H NMR (400 MHz, CDCl3) for 3ga 

 

13C NMR (125 MHz, CDCl3) for 3ga 
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1H NMR (400 MHz, CDCl3) for 3ha 

 

13C NMR (125 MHz, CDCl3) for 3ha 
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19F NMR (500 MHz, CDCl3) for 3ha 

 

1H NMR (400 MHz, CDCl3) for 3ia 
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13C NMR (125 MHz, CDCl3) for 3ia 

 

1H NMR (400 MHz, CDCl3) for 3ja 
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13C NMR (125 MHz, CDCl3) for 3ja 

 

1H NMR (400 MHz, CDCl3) for 3ka 
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13C NMR (125 MHz, CDCl3) for 3ka 

 

1H NMR (400 MHz, CDCl3) for 3la 
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13C NMR (125 MHz, CDCl3) for 3la 

 

1H NMR (400 MHz, CDCl3) for 3ma 
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13C NMR (125 MHz, CDCl3) for 3ma 

 

1H NMR (400 MHz, DMSO-d6) for 3na 
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13C NMR (125 MHz, DMSO-d6) for 3na 

 

1H NMR (400 MHz, DMSO-d6) for 3oa 
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13C NMR (125 MHz, DMSO-d6) for 3oa 

 

1H NMR (400 MHz, CDCl3) for 3ab 
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1H NMR (400 MHz, CDCl3) for 3ac 

 

13C NMR (125 MHz, CDCl3) for 3ac 
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1H NMR (400 MHz, CDCl3) for 3ad 

 

13C NMR (125 MHz, CDCl3) for 3ad 
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1H NMR (400 MHz, CDCl3) for 3ae 

 

13C NMR (125 MHz, CDCl3) for 3ae 
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1H NMR (400 MHz, CDCl3) for 3af 

 

13C NMR (125 MHz, CDCl3) for 3af 



S81 

 

 

1H NMR (400 MHz, CDCl3) for 3ag 

 

13C NMR (125 MHz, CDCl3) for 3ag 
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19F NMR (500 MHz, CDCl3) for 3ag 

 

1H NMR (400 MHz, CDCl3) for 3ah 
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13C NMR (125 MHz, CDCl3) for 3ah 

 

1H NMR (400 MHz, CDCl3) for 3ai 
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13C NMR (125 MHz, CDCl3) for 3ai 

 

1H NMR (400 MHz, CDCl3) for 3aj 
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13C NMR (125 MHz, CDCl3) for 3aj 

 

1H NMR (400 MHz, CDCl3) for 3ak 
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13C NMR (125 MHz, CDCl3) for 3ak 

 

1H NMR (400 MHz, CDCl3) for 3al 



S87 

 

 

13C NMR (125 MHz, CDCl3) for 3al 

 

1H NMR (400 MHz, CDCl3) for 3am 



S88 

 

 

1H NMR (400 MHz, CDCl3) for 3an 

 

13C NMR (125 MHz, CDCl3) for 3an 



S89 

 

 

1H NMR (400 MHz, CDCl3) for 3ao 

 

13C NMR (125 MHz, CDCl3) for 3ao 



S90 

 

 

1H NMR (400 MHz, CDCl3) for 3ap 

 

13C NMR (125 MHz, CDCl3) for 3ap 



S91 

 

 

1H NMR (400 MHz, CDCl3) for 4aq 

 

13C NMR (125 MHz, CDCl3) for 4aq 



S92 

 

 

1H NMR (400 MHz, CDCl3) for 4ar 

 

13C NMR (125 MHz, CDCl3) for 4ar 



S93 

 

 

1H NMR (400 MHz, CDCl3) for 4as 

 

13C NMR (400 MHz, CDCl3) for 4as 



S94 

 

 

1H NMR (400 MHz, CDCl3) for 4at 

 

13C NMR (125 MHz, CDCl3) for 4at 



S95 

 

 

1H NMR (400 MHz, CDCl3) for 4au 

 

13C NMR (125 MHz, CDCl3) for 4au 



S96 

 

 

1H NMR (400 MHz, CDCl3) for 4av 

 

13C NMR (125 MHz, CDCl3) for 4av 



S97 

 

 

1H NMR (400 MHz, CDCl3) for 4aw 

 

13C NMR (125 MHz, CDCl3) for 4aw 



S98 

 

 

1H NMR (400 MHz, CDCl3) for 4ax 

 

13C NMR (125 MHz, CDCl3) for 4ax 



S99 

 

 

1H NMR (400 MHz, CDCl3) for 4ay 

 

13C NMR (125 MHz, CDCl3) for 4ay 



S100 

 

 

1H NMR (400 MHz, CDCl3) for 4az 

 

13C NMR (125 MHz, CDCl3) for 4az 



S101 

 

 

1H NMR (400 MHz, CDCl3) for 4aa’ 

 

13C NMR (125 MHz, CDCl3) for 4aa’ 



S102 

 

 

1H NMR (400 MHz, CDCl3) for 4bq 

 

13C NMR (125 MHz, CDCl3) for 4bq 



S103 

 

 

1H NMR (400 MHz, CDCl3) for 4cq 

 

13C NMR (125 MHz, CDCl3) for 4cq 



S104 

 

 

1H NMR (400 MHz, CDCl3) for 4fq 

 

13C NMR (125 MHz, CDCl3) for 4fq 



S105 

 

 

19F NMR (500 MHz, CDCl3) for 4fq 

 

1H NMR (400 MHz, CDCl3) for 4gq 



S106 

 

 

13C NMR (125 MHz, CDCl3) for 4gq 

 

1H NMR (400 MHz, CDCl3) for 4hq 



S107 

 

 

13C NMR (125 MHz, CDCl3) for 4hq 

 

 

 

19F NMR (500 MHz, CDCl3) for 4hq 



S108 

 

 

1H NMR (400 MHz, CDCl3) for 4iq 

 

13C NMR (125 MHz, CDCl3) for 4iq 



S109 

 

 

1H NMR (400 MHz, CDCl3) for 4jq 

 

13C NMR (125 MHz, CDCl3) for 4jq 



S110 

 

 

1H NMR (400 MHz, CDCl3) for 4lq 

 

13C NMR (125 MHz, CDCl3) for 4lq 



S111 

 

 

1H NMR (400 MHz, CDCl3) for 4mq 

 

13C NMR (125 MHz, CDCl3) for 4mq 



S112 

 

 

1H NMR (400 MHz, CDCl3) for 4oq 

 

13C NMR (125 MHz, CDCl3) for 4oq 



S113 

 

 

1H NMR (400 MHz, CDCl3) for 4pq 

 

13C NMR (125 MHz, CDCl3) for 4pq 



S114 

 

 

1H NMR (400 MHz, CDCl3) for 4qq 

 

13C NMR (125 MHz, CDCl3) for 4qq 

 



S115 

 

 

1H NMR (400 MHz, CDCl3) for 4rq 

 

13C NMR (125 MHz, CDCl3) for 4rq 



S116 

 

 

1H NMR (400 MHz, CDCl3) for 4sq 

 

13C NMR (125 MHz, CDCl3) for 4sq 



S117 

 

 

1H NMR (400 MHz, CDCl3) for 4tq 

 

13C NMR (125 MHz, CDCl3) for 4tq 

 

 



S118 

 

 

 1H NMR (500 MHz, CDCl3) for 5 

 

1H NMR (400 MHz, CDCl3) for 6 



S119 

 

 

13C NMR (125 MHz, CDCl3) for 6 

 

1H NMR (400 MHz, CDCl3) for 7 

 



S120 

 

 

1H NMR (400 MHz, CDCl3) for 8 

 


