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General: Solvents were purified or dried in a standard manner. Column chromatography 

was performed using silica gel (300–400 mesh). 1H NMR and 13C NMR spectra are 

recorded on a 400 or 600 MHz NMR spectrometers. Chemical shifts were reported in ppm 

downfield from tetramethylsilane with the solvent resonance as the internal standard. All 

melting points were determined by a micro melting point apparatus and are uncorrected. 

High-resolution mass spectral (HRMS) analyses were carried out using a TOF MS 

instrument with an ESI or APCI source. 

 

General procedure for the Pd-catalyzed synthesis of enamides: 

+ PhB(OH)2

Pd(OAc)2

Ph N

1a 2a 3aa
Bu

Ms
NMsBu

Ph
Ph

H

P(3-tol)3

EtOH, 70 oC

 
Compound 3aa. To a mixture of P(3-tol)3 (9.1 mg, 0.03 mmol), Pd(OAc)2 (3.4 mg, 0.015 

mmol), and 2a (54.9 mg, 0.45 mmol) in 1.5 mL of EtOH was added 1a (75.3 mg, 0.3 

mmol) under N2 atmosphere. After stirring at 70 °C for 5 h, the reaction mixture was 

quenched with 5 mL of water, extracted with ethyl acetate, washed with brine, dried over 

anhydrous Na2SO4 and concentrated. Column chromatography on silica gel gave 3aa as a 

white solid (92 mg, 93% yield); mp: 106–108 °C; 1H NMR (CDCl3, 400 MHz): δ 0.91 (t, 

J = 7.4 Hz, 3 H), 1.30–1.38 (m, 2 H), 1.58–1.64 (m, 2 H), 3.04 (s, 3 H), 3.36 (t, J = 7.5 Hz, 

2 H), 6.79 (s, 1 H), 7.00–7.07 (m, 2 H), 7.10–7.17 (m, 3 H), 7.29–7.39 (m, 5 H); 13C NMR 

(CDCl3, 100 MHz): δ 13.9, 19.8, 30.9, 40.7, 47.8, 127.3, 128.1, 128.6, 128.7, 129.3, 129.5, 

129.9, 135.2, 135.3, 137.6; MS (EI, m/z): 330 (6), 329 (M+, 33), 251 (19), 250 (100), 206 

(26); HRMS (APCI) calcd for C19H24NO2S (M+H)+ 330.1528, found 330.1523.  

 

Compound 3aa-d. It was prepared from 1a and (PhBO)3 by using CD3OD as the solvent, 

86 mg, 87% yield, white solid; 1H NMR (CDCl3, 400 MHz): δ 0.92 (t, J = 7.4 Hz, 3 H), 

1.30–1.38 (m, 2 H), 1.58–1.64 (m, 2 H), 3.05 (s, 3 H), 3.37 (t, J = 7.5 Hz, 2 H), 6.80 (s, 
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0.05 H), 7.00–7.07 (m, 2 H), 7.10–7.17 (m, 3 H), 7.29–7.39 (m, 5 H); MS (EI, m/z): 331 

(5), 330 (M+, 27), 329 (62), 251 (83), 207 (24).  

 

Compound 3ab. 94 mg, 90% yield, white solid, mp: 113–115 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.92 (t, J = 7.4 Hz, 3 H), 1.32–1.39 (m, 2 H), 1.57–1.63 (m, 2 H), 3.06 (s, 3 H), 

3.37 (t, J = 7.5 Hz, 2 H), 6.77 (s, 1 H), 6.97–7.04 (m, 2 H), 7.02–7.06 (m, 2 H), 7.15–7.18 

(m, 3 H), 7.36–7.41 (m, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.7, 40.6, 47.8, 

115.6 (d, J = 21.5 Hz), 127.4, 128.1, 129.2, 129.4, 131.3, 131.7 (d, J = 8.3 Hz), 135.1, 

136.8, 162.6 (d, J = 249.2 Hz); 19F NMR (CDCl3, 565 MHz) δ -111.9; MS (EI, m/z): 348 

(6), 347 (M+, 31), 268 (100), 224 (26), 212 (77); HRMS (APCI) calcd for C19H23FNO2S 

(M+H)+ 348.1434, found 348.1428. 

 

H N Bu
Ms

F

F

3ac
 

Compound 3ac. 97 mg, 89% yield, yellow oil; 1H NMR (CDCl3, 600 MHz): δ 0.91 (t, J = 

7.4 Hz, 3 H), 1.29–1.41 (m, 2 H), 1.59–1.71 (m, 2 H), 3.03 (s, 3 H), 3.36 (t, J = 7.4 Hz, 2 

H), 6.79 (dd, J = 10.3, 2.4 Hz, 1 H), 6.89 (td, J = 8.6, 2.5 Hz, 1 H), 6.93 (s, 1 H), 

6.99–7.02 (m, 2 H), 7.11–7.17 (m, 3 H), 7.43 (dd, J = 15.0, 8.4 Hz, 1 H); 13C NMR 

(CDCl3, 150 MHz): δ 13.6, 19.7, 30.9, 40.0 (d, J = 2.3 Hz), 48.1, 104.4 (t, J = 25.7 Hz), 

112.1 (dd, J = 21.3, 3.6 Hz), 119.7 (dd, J = 15.2, 3.8 Hz), 127.7, 128.2, 128.6, 130.5, 

132.0, 133.2 (dd, J = 9.6, 4.6 Hz), 134.9, 160.4 (dd, J = 251.9, 11.7 Hz), 163.2 (dd, J = 

251.4, 11.4 Hz); 19F NMR (CDCl3, 565 MHz) δ -107.8 (d, J = 8.7 Hz), -108.2 (d, J = 8.6 

Hz); MS (EI, m/z): 366 (5), 365 (M+, 29), 286 (100), 242 (25), 230 (89); HRMS (APCI) 

calcd for C19H22F2NO2S (M+H)+ 366.1339, found 366.1341. 
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H N Bu
Ms

CF3
3ad

 
Compound 3ad. 100 mg, 84% yield, yellow oil; 1H NMR (CDCl3, 600 MHz): δ 0.92 (t, J = 

7.4 Hz, 3 H), 1.32–1.38 (m, 2 H), 1.59–1.64 (m, 2 H), 3.09 (s, 3 H), 3.38 (t, J = 7.6 Hz, 2 

H), 6.86 (s, 1 H), 7.01–7.05 (m, 2 H), 7.16–7.23 (m, 3 H), 7.50 (d, J = 8.2 Hz, 2 H), 7.54 

(d, J = 8.4 Hz, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.7, 40.5, 48.2, 122.9, 

124.7, 125.4 (q, J = 3.7 Hz), 127.8, 128.3, 129.3, 130.3, 130.9, 134.7, 136.6, 139.3; 19F 

NMR (CDCl3, 565 MHz) δ -62.64; MS (EI, m/z): 398 (4), 397 (M+, 25), 319 (20), 318 

(100), 274 (27), 262 (79); HRMS (APCI) calcd for C20H23F3NO2S (M+H)+ 398.1402, 

found 398.1408. 

H N
Ms

Bu

NO2

3ae  

Compound 3ae. 92 mg, 82% yield, white solid, mp: 119–121 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.95 (t, J = 7.4 Hz, 3 H), 1.36–1.43 (m, 2 H), 1.65–1.70 (m, 2 H), 3.12 (s, 3 H), 

3.46 (t, J = 7.5 Hz, 2 H), 6.92 (s, 1 H), 7.04–7.07 (m, 2 H), 7.17–7.21 (m, 3 H), 7.48 (t, J = 

8.0 Hz, 1 H), 7.75 (d, J = 7.7 Hz, 1 H), 8.16 (dd, J = 8.2, 1.4 Hz, 1 H), 8.21 (s, 1 H); 13C 

NMR (CDCl3, 150 MHz): δ 13.6, 19.8, 30.7, 40.0, 48.7, 123.3, 124.5, 128.1, 128.5, 129.1, 

129.5, 131.3, 134.3, 135.9, 136.0, 137.9, 148.2; MS (EI, m/z): 375 (6), 374 (M+, 24), 329 

(21), 294 (43), 250 (29); HRMS (APCI) calcd for C19H23N2O4S (M+H)+ 375.1379, found 

375.1376. 

 

Compound 3af. 93 mg, 85% yield, white solid, mp: 113–115 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.91 (t, J = 7.4 Hz, 3 H), 1.31–1.37 (m, 2 H), 1.57–1.62 (m, 2 H), 3.06 (s, 3 H), 
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3.36 (t, J = 7.5 Hz, 2 H), 6.78 (s, 1 H), 7.04–7.07 (m, 2 H), 7.15–7.18 (m, 3 H), 7.29 (d, J 

= 8.5 Hz, 2 H), 7.31 (d, J = 8.4 Hz, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.8, 

40.7, 48.0, 127.6, 128.2, 128.8, 129.2, 129.9, 131.2, 133.9, 134.5, 135.0, 136.7; MS (EI, 

m/z): 365 (10), 363 (M+, 30), 286 (30), 284 (100), 240 (23); HRMS (APCI) calcd for 

C19H23ClNO2S (M+H)+ 364.1138, found 364.1134. 

 

Compound 3ag. 94 mg, 91% yield, yellow oil; 1H NMR (CDCl3, 600 MHz): δ 0.92 (t, J = 

7.4 Hz, 3 H), 1.32–1.38 (m, 2 H), 1.59–1.64 (m, 2 H), 2.35 (s, 3 H), 3.05 (s, 3 H), 3.36 (t, 

J = 7.3 Hz, 2 H), 6.77 (s, 1 H), 7.06 (d, J = 7.6 Hz, 2 H), 7.09–7.17 (m, 5 H), 7.25 (d, J = 

7.7 Hz, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.7, 19.7, 21.3, 30.9, 40.7, 47.7, 127.2, 

128.0, 128.9, 129.2, 129.3, 129.7, 132.2, 135.5, 137.6, 138.7; MS (EI, m/z): 344 (6), 343 

(M+, 31), 264 (80), 220 (16), 208 (42); HRMS (APCI) calcd for C20H26NO2S (M+H)+ 

344.1684, found 344.1683. 

H N Bu
Ms

3ah  

Compound 3ah. 94 mg, 91% yield, yellow oil; 1H NMR (CDCl3, 600 MHz): δ 0.93 (t, J = 

7.4 Hz, 3 H), 1.34–1.38 (m, 2 H), 1.61–1.66 (m, 2 H), 2.30 (s, 3 H), 3.06 (s, 3 H), 

3.31–3.39 (m, 2 H), 6.80 (s, 1 H), 7.00–7.08 (m, 2 H), 7.09–7.24 (m, 7 H); 13C NMR 

(CDCl3, 150 MHz): δ 13.6, 19.7, 21.3, 30.8, 40.6, 47.6, 127.0, 127.2, 127.9, 128.4, 129.2, 

129.3, 129.5, 130.1, 135.0, 135.3, 137.5, 138.2; MS (EI, m/z): 344 (6), 343 (M+, 34), 281 

(2), 264 (92), 220 (17), 208 (52); HRMS (APCI) calcd for C20H26NO2S (M+H)+ 344.1684, 

found 344.1684.  
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H N Bu
Ms

3ai  

Compound 3ai. 91 mg, 89% yield, yellow oil; 1H NMR (CDCl3, 600 MHz): δ 0.91 (t, J = 

7.4 Hz, 3 H), 1.29–1.35 (m, 2 H), 1.66–1.71 (m, 2 H), 2.05 (s, 3 H), 2.99 (s, 3 H), 

3.21–3.50 (m, 2 H), 6.81 (s, 1 H), 6.88–6.92 (m, 2 H), 7.09–7.15 (m, 4 H), 7.24–7.31 (m, 

2 H), 7.37–7.41 (m, 1 H); 13C NMR (CDCl3, 150 MHz): δ 13.7, 19.6, 19.9, 31.4, 40.9, 

48.3, 125.3, 126.3, 127.2, 128.1, 128.1, 128.5, 128.8, 129.8, 130.8, 134.7, 135.5, 137.4; 

MS (EI, m/z): 344 (3), 343 (M+, 13), 264 (59), 220 (13), 208 (28); HRMS (APCI) calcd 

for C20H26NO2S (M+H)+ 344.1684, found 344.1682.  

 

Compound 3aj. 90 mg, 84% yield, yellow oil; 1H NMR (CDCl3, 400 MHz): δ 0.93 (t, J = 

7.4 Hz, 3 H), 1.32–1.41 (m, 2 H), 1.58–1.66 (m, 2 H), 3.07 (s, 3 H), 3.39 (t, J = 7.5 Hz, 2 

H), 3.83 (s, 3 H), 6.73 (s, 1 H), 6.85 (d, J = 8.8 Hz, 2 H), 7.02–7.22 (m, 5 H), 7.31 (d, J = 

8.8 Hz, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.7, 19.7, 30.8, 40.7, 47.7, 55.1, 113.9, 

127.1, 127.3, 128.1, 128.3, 129.2, 131.2, 135.6, 137.5, 159.8; MS (EI, m/z): 360 (3), 359 

(M+, 15), 280 (22), 209 (15), 197 (100); HRMS (APCI) calcd for C20H26NO3S (M+H)+ 

360.1633, found 360.1626.  

 

Compound 3ak. 103 mg, 88% yield, white solid, mp: 143–145 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.90 (t, J = 7.4 Hz, 3 H), 1.30–1.36 (m, 2 H), 1.56–1.61 (m, 2 H), 3.05 (s, 3 H), 

3.37 (t, J = 7.4 Hz, 2 H), 3.63 (s, 3 H), 3.86 (s, 3 H), 6.69 (s, 1 H), 6.78 (d, J = 8.3 Hz, 1 

H), 6.83 (d, J = 1.9 Hz, 1 H), 6.93 (dd, J = 8.3, 1.9 Hz, 1 H), 7.05–7.16 (m, 5 H); 13C 
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NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.8, 40.7, 47.8, 55.6, 55.7, 110.8, 113.0, 122.4, 

127.2, 127.5, 128.0, 128.4, 129.2, 135.6, 137.6, 148.6, 149.3; MS (EI, m/z): 390 (4), 389 

(M+, 20), 310 (19), 239 (15), 227 (100); HRMS (APCI) calcd for C21H28NO4S (M+H)+ 

390.1739, found 390.1740. 

 

Compound 3al. 103 mg, 92% yield, white solid, mp: 149–151 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.92 (t, J = 7.4 Hz, 3 H), 1.31–1.37 (m, 2 H), 1.57–1.62 (m, 2 H), 3.05 (s, 3 H), 

3.37 (t, J = 7.4 Hz, 2 H), 5.96 (s, 2 H), 6.70 (s, 1 H), 6.72 (d, J = 8.0 Hz, 1 H), 6.83–6.86 

(m, 2 H), 7.08 (d, J = 6.8 Hz, 2 H), 7.14–7.18 (m, 3 H); 13C NMR (CDCl3, 150 MHz): δ 

13.6, 19.7, 30.8, 40.7, 47.7, 101.2, 108.4, 109.9, 124.0, 127.2, 128.1, 128.6, 129.2, 135.4, 

137.2, 147.8, 147.9; MS (EI, m/z): 374 (4), 373 (M+, 21), 294 (28), 223 (12), 211 (100); 

HRMS (APCI) calcd for C20H24NO4S (M+H)+ 374.1426, found 374.1422. 

 

Compound 3am. 93 mg, 87% yield, colorless oil; 1H NMR (CDCl3, 600 MHz): δ 0.90 (t, J 

= 7.4 Hz, 3 H), 1.31–1.36 (m, 2 H), 1.58–1.63 (m, 2 H), 3.08 (s, 3 H), 3.38 (t, J = 7.4 Hz, 

2 H), 6.87 (s, 1 H), 6.99–7.04 (m, 2 H), 7.11–7.16 (m, 3 H), 7.53 (t, J = 8.1 Hz, 2 H), 7.78 

(d, J = 8.1 Hz, 2 H), 9.97 (s, 1 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.7, 40.4, 

48.3, 127.9, 128.3, 129.3, 129.7, 130.5, 131.1, 134.6, 135.9, 136.7, 142.0, 191.6; MS (EI, 

m/z): 358 (5), 357 (M+, 24), 278 (92), 234 (18), 222 (42), 207 (38); HRMS (APCI) calcd 

for C20H24NO3S (M+H)+ 358.1477, found 358.1475. 
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H N
Ms

Bu

3an O
 

Compound 3an. 92 mg, 83% yield, colorless oil; 1H NMR (CDCl3, 600 MHz): δ 0.90 (t, J 

= 7.4 Hz, 3 H), 1.29–1.38 (m, 2 H), 1.56–1.65 (m, 2 H), 2.58 (s, 3 H), 3.07 (s, 3 H), 3.36 (t, 

J = 7.5 Hz, 2 H), 6.84 (s, 1 H), 7.01–7.04 (m, 2 H), 7.13–7.16 (m, 3 H), 7.46 (d, J = 8.3 Hz, 

2 H), 7.86 (d, J = 8.3 Hz, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 26.6, 30.8, 

40.5, 48.2, 127.8, 128.3, 128.5, 129.3, 130.1, 130.8, 134.8, 136.8, 136.8, 140.5, 197.5; MS 

(EI, m/z): 372 (5), 371 (M+, 26), 293 (19), 292 (86), 281 (11); HRMS (APCI) calcd for 

C21H26NO3S (M+H)+ 372.1633, found 372.1632. 

 
Compound 3ao. 93 mg, 88% yield, colorless oil; 1H NMR (CDCl3, 600 MHz): δ 0.91 (t, J 

= 7.4 Hz, 3 H), 1.31–1.38 (m, 2 H), 1.56–1.64 (m, 2 H), 3.08 (s, 3 H), 3.37 (t, J = 7.5 Hz, 

2 H), 6.85 (s, 1 H), 6.98–7.06 (m, 2 H), 7.16–7.21 (m, 3 H), 7.48 (d, J = 8.3 Hz, 2 H), 7.55 

(d, J = 8.4 Hz, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.7, 40.3, 48.5, 112.0, 

118.4, 128.1, 128.4, 129.2, 130.5, 131.4, 132.2, 134.4, 136.4, 140.7; MS (EI, m/z): 355 (4), 

354 (M+, 17), 281 (8), 275 (75), 231 (28), 219 (79); HRMS (APCI) calcd for C20H23N2O2S 

(M+H)+ 355.1480, found 355.1477. 

 

Compound 3ap. 103 mg, 85% yield, white solid, mp: 145–147 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.95 (t, J = 6.6 Hz, 3 H), 1.29–1.46 (m, 2 H), 1.58–1.74 (m, 2 H), 3.10 (s, 3 H), 
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3.43 (t, J = 6.2 Hz, 2 H), 6.84 (s, 1 H), 7.13–7.19 (m, 5 H), 7.35–7.39 (m, 1 H), 7.46 (d, J 

= 6.0 Hz, 4 H), 7.57 (d, J = 7.3 Hz, 2 H), 7.63 (d, J = 6.8 Hz, 2 H); 13C NMR (CDCl3, 150 

MHz): δ 13.7, 19.8, 30.9, 40.7, 47.9, 126.9, 127.1, 127.4, 127.6, 128.1, 128.8, 129.3, 

129.5, 130.3, 134.1, 135.4, 137.4, 140.1, 141.2; MS (EI, m/z): 406 (3), 405 (M+, 13), 329 

(21), 271 (64), 253 (33); HRMS (APCI) calcd for C25H28NO2S (M+H)+ 406.1841, found 

406.1839. 

 

Compound 3aq. 98 mg, 86% yield, white solid, mp: 139–141 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.94 (t, J = 7.4 Hz, 3 H), 1.35–1.39 (m, 2 H), 1.65–1.70 (m, 2 H), 3.13 (s, 3 H), 

3.43 (t, J = 7.1 Hz, 2 H), 6.91 (s, 1 H), 7.11–7.14 (m, 5 H), 7.44 (d, J = 8.5 Hz, 1 H), 

7.48–7.53 (m, 2 H), 7.76 (d, J = 8.5 Hz, 1 H), 7.80 (d, J = 7.9 Hz, 1 H), 7.83 (d, J = 7.9 Hz, 

1 H), 7.93 (s, 1 H); 13C NMR (CDCl3, 150 MHz): δ 13.7, 19.7, 30.8, 40.8, 47.8, 126.2, 

126.7, 127.4, 127.4, 127.6, 128.1, 128.1, 128.3, 129.2, 129.3, 129.7, 132.7, 133.2, 133.2, 

135.2, 137.5; MS (EI, m/z): 380 (6), 379 (M+, 26), 300 (54), 256 (11), 244 (29); HRMS 

(APCI) calcd for C23H26NO2S (M+H)+ 380.1684, found 380.1684. 

H N Bu
Ms

3ar  

Compound 3ar. 76 mg, 79% yield, colorless oil; 1H NMR (CDCl3, 600 MHz): δ 0.87–0.98 

(m, 6 H), 1.32–1.40 (m, 2 H), 1.42–1.49 (m, 2 H), 1.55–1.66 (m, 2 H), 2.10–2.21 (m, 2 H), 

3.01 (s, 3 H), 3.49 (t, J = 7.6 Hz, 2 H), 6.10–6.18 (m, 1 H), 6.41 (d, J = 15.4 Hz, 1 H), 6.57 

(s, 1 H), 7.26–7.43 (m, 5 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 13.6, 19.8, 22.1, 31.0, 

34.6, 39.1, 49.5, 124.0, 127.6, 128.2, 129.2, 130.3, 135.3, 136.5, 137.0; MS (EI, m/z): 322 

(3), 321 (M+, 22), 243 (18), 242 (100), 198 (24); HRMS (APCI) calcd for C18H28NO2S 

(M+H)+ 322.1841, found 322.1844. 
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Compound 3ar’. Treatment of 3ar with 10% of Pd/C in EtOH under H2 (balloon) at room 

temperature for 10 h gave 74 mg (76% yield) of 3ar’ as colorless oil; 1H NMR (CDCl3, 

600 MHz): δ 0.87 (t, J = 6.8 Hz, 3 H), 0.95 (t, J = 7.4 Hz, 3 H), 1.22–1.36 (m, 7 H), 

1.39–1.43 (m, 1 H), 1.52–1.61 (m, 3 H), 1.67–1.73 (m, 1 H), 2.29 (s, 3 H), 2.76–2.85 (m, 

2 H), 3.00–3.06 (m, 1 H), 3.09–3.17 (m, 1 H), 3.98–4.02 (m, 1 H), 7.19–7.24 (m, 3 H), 

7.27–7.32 (m, 2 H); 13C NMR (CDCl3, 150 MHz): δ 13.8, 14.1, 20.5, 22.5, 26.4, 31.6, 

33.1, 33.7, 39.9, 40.5, 43.5, 61.4 (NCH), 126.7, 128.6, 129.3, 139.1; HRMS (APCI) calcd 

for C18H32NO2S (M+H)+ 326.2154, found 326.2154. The NMR measurements of 3ar’ 

further confirmed the regioselectivity reported in this paper. 

 

Compound 3as. 75 mg, 70% yield, colorless oil; 1H NMR (CDCl3, 600 MHz): δ 0.97 (t, J 

= 7.3 Hz, 3 H), 1.39–1.44 (m, 2 H), 1.65–1.71 (m, 2 H), 3.12 (s, 3 H), 3.62 (t, J = 7.6 Hz, 

2 H), 6.81 (s, 1 H), 7.01 (d, J = 15.8 Hz, 1 H), 7.20 (d, J = 15.8 Hz, 1 H), 7.27–7.32 (m, 1 

H), 7.34–7.40 (m, 3 H), 7.42–7.48 (m, 6 H); 13C NMR (CDCl3, 150 MHz): δ 13.9, 19.9, 

31.0, 39.2, 49.8, 122.6, 127.0, 128.0, 128.2, 128.5, 128.6, 129.5, 132.6, 133.2, 135.2, 

136.4, 137.2 ; HRMS (APCI) calcd for C21H26NO2S (M+H)+ 356.1684, found 356.1683. 

 

Compound 3at. 82 mg, 82% yield, yellow oil; 1H NMR (CDCl3, 400 MHz): δ 0.93 (t, J = 

7.4 Hz, 3 H), 1.33–1.41 (m, 2 H), 1.60–1.68 (m, 2 H), 3.02 (s, 3 H), 3.43 (t, J = 7.4 Hz, 2 

H), 6.85 (s, 1 H), 6.91–6.97 (m, 1 H), 7.03 (dd, J = 3.6, 1.1 Hz, 1 H), 7.16–7.24 (m, 5 H), 

7.32 (dd, J = 5.1, 1.1 Hz, 1 H); 13C NMR (CDCl3, 100 MHz): δ 13.7, 19.8, 31.0, 39.9, 48.2, 

127.2, 127.3, 127.9, 128.3, 129.2, 129.5, 130.5, 132.4, 135.0, 137.9; MS (EI, m/z): 336 (3), 
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335 (M+, 16), 256 (54), 212 (11), 200 (42); HRMS (APCI) calcd for C17H22NO2S2 (M+H)+ 

336.1092, found 336.1088.  

 

Compound 3au. 89 mg, 77% yield, yellow oil; 1H NMR (CDCl3, 400 MHz): δ 0.94 (t, J = 

7.4 Hz, 3 H), 1.35–1.41 (m, 2 H), 1.64–1.71 (m, 2 H), 3.08 (s, 3 H), 3.47 (t, J = 7.4 Hz, 2 

H), 6.96 (s, 1 H), 7.21–7.29 (m, 5 H), 7.31–7.35 (m, 3 H), 7.68 (dd, J = 5.9, 3.1 Hz, 1 H), 

7.76 (dd, J = 5.9, 3.2 Hz, 1 H); 13C NMR (CDCl3, 100 MHz): δ 13.7, 19.8, 31.1, 40.2, 48.3, 

122.3, 124.1, 124.5, 125.1, 126.5, 128.2, 128.4, 129.2, 129.4, 133.6, 134.7, 138.1, 139.2, 

140.4; MS (EI, m/z): 386 (3), 385 (M+, 19), 306 (50), 250 (27), 234 (40), 223 (100); 

HRMS (APCI) calcd for C21H24NO2S2 (M+H)+ 386.1248, found 386.1245.  

H N
Ms

Bu

3baF  

Compound 3ba. 89 mg, 86% yield, white solid, mp: 116–118 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.90 (t, J = 7.4 Hz, 3 H), 1.28–1.36 (m, 2 H), 1.57–1.63 (m, 2 H), 3.04 (s, 3 H), 

3.34 (t, J = 7.4 Hz, 2 H), 6.75 (s, 1 H), 6.82 (t, J = 8.7 Hz, 2 H), 6.99 (dd, J = 8.6, 5.5 Hz, 

2 H), 7.30–7.34 (m, 5 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.8, 40.7, 47.6, 

115.1 (d, J = 21.5 Hz), 127.4, 128.4, 128.6, 128.7, 128.8, 129.8, 131.0 (d, J = 8.0 Hz), 

134.9, 161.8 (d, J = 247.9 Hz); 19F NMR (CDCl3, 565 MHz) δ -113.81; MS (EI, m/z): 348 

(5), 347(M+, 25), 268 (100), 224 (19), 212 (80); HRMS (APCI) calcd for C19H23FNO2S 

(M+H)+ 348.1434, found 348.1436. 

H N
Ms

Bu

Cl 3ca  
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Compound 3ca. 99 mg, 91% yield, white solid, mp: 121–123 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.89 (t, J = 7.4 Hz, 3 H), 1.29–1.35 (m, 2 H), 1.56–1.61 (m, 2 H), 3.04 (s, 3 H), 

3.34 (t, J = 7.4 Hz, 2 H), 6.73 (s, 1 H), 6.94 (d, J = 8.5 Hz, 2 H), 7.09 (d, J = 8.5 Hz, 2 H), 

7.29–7.36 (m, 5 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.8, 40.7, 47.6, 127.9, 

128.2, 128.7, 128.9, 129.7, 130.5, 132.9, 133.8, 134.8, 138.2; MS (EI, m/z): 365 (6), 363 

(M+, 19), 284 (58), 249 (20), 228 (29); HRMS (APCI) calcd for C19H23ClNO2S (M+H)+ 

364.1138, found 364.1137. 

H N Bu
Ms

Cl

3da  

Compound 3da. 100 mg, 92% yield, white solid, mp: 131–133 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.92 (t, J = 7.4 Hz, 3 H), 1.34–1.40 (m, 2 H), 1.58–1.62 (m, 2 H), 3.15 (s, 3 H), 

3.38 (t, J = 7.3 Hz, 2 H), 6.86 (s, 1 H), 6.88 (dd, J = 7.8, 1.7 Hz, 1 H), 6.88–6.94 (m, 1 H), 

7.07–7.12 (m, 1 H), 7.20–7.31 (m, 5 H), 7.35 (dd, J = 8.0, 0.8 Hz, 1 H); 13C NMR (CDCl3, 

150 MHz): δ 13.7, 19.7, 30.6, 40.8, 47.8, 126.3, 126.3, 128.3, 128.6, 128.7, 129.1, 129.8, 

131.2, 133.7, 134.4, 134.6, 139.7; MS (EI, m/z): 365 (9), 363 (M+, 29), 284 (66), 249 (14), 

228 (20); HRMS (APCI) calcd for C19H23ClNO2S (M+H)+ 364.1138, found 364.1133 

 

Compound 3ea. 91 mg, 89% yield, white solid, mp: 103–105 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.91 (t, J = 7.3 Hz, 3 H), 1.32–1.36 (m, 2 H), 1.57–1.62 (m, 2 H), 2.26 (s, 3 H), 

3.02 (s, 3 H), 3.35 (t, J = 7.5 Hz, 2 H), 6.75 (s, 1 H), 6.92 (d, J = 8.2 Hz, 2 H), 6.95 (d, J = 

8.2 Hz, 2 H), 7.28–7.38 (m, 5 H); 13C NMR (CDCl3, 150 MHz): δ 13.7, 19.8, 21.1, 30.9, 

40.6, 47.8, 128.6, 128.8, 129.2, 129.2, 129.7, 129.9, 132.4, 135.5, 136.7, 137.3; MS (EI, 

m/z): 344 (5), 343 (M+, 24), 265 (23), 264 (100), 220 (19), 207 (11); HRMS (APCI) calcd 

for C20H26NO2S (M+H)+ 344.1684, found 344.1688.  
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Compound 3fa. 92 mg, 85% yield, white solid, mp: 117–119 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.94 (t, J = 7.4 Hz, 3 H), 1.34–1.39 (m, 2 H), 1.61–1.68 (m, 2 H), 3.04 (s, 3 H), 

3.37 (t, J = 7.4 Hz, 2 H), 3.76 (s, 3 H), 6.70 (d, J = 8.7 Hz, 2 H), 6.76 (s, 1 H), 7.00 (d, J = 

8.7 Hz, 2 H), 7.28–7.39 (m, 5 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.8, 40.5, 

47.7, 55.1, 113.5, 127.6, 128.5, 128.6, 129.5, 129.8, 130.6, 135.5, 135.6, 158.8; MS (EI, 

m/z): 360 (2), 359 (M+, 11), 280 (68), 236 (8), 224 (12), 207 (29); HRMS (APCI) calcd for 

C20H26NO3S (M+H)+ 360.1633, found 360.1620. 

H N
Ms

Bu

MeO

3ga  

Compound 3ga. 94 mg, 87% yield, white solid, mp: 126–128 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.92 (t, J = 7.4 Hz, 3 H), 1.31–1.38 (m, 2 H), 1.58–1.64 (m, 2 H), 3.04 (s, 3 H), 

3.37 (t, J = 7.4 Hz, 2 H), 3.53 (s, 3 H), 6.53 (s, 1 H), 6.63–6.67 (m, 1 H), 6.67–6.71 (m, 1 

H), 6.78 (s, 1 H), 7.06 (t, J = 7.9 Hz, 1 H), 7.29–7.40 (m, 5 H); 13C NMR (CDCl3, 150 

MHz): δ 13.6, 19.7, 30.8, 40.6, 47.7, 54.8, 113.8, 113.8, 122.0, 128.6, 128.7, 129.0, 129.3, 

129.8, 135.3, 136.5, 137.7, 159.0; MS (EI, m/z): 360 (3), 359 (M+, 22), 283 (58), 204 (65), 

162 (100); HRMS (APCI) calcd for C20H26NO3S (M+H)+ 360.1633, found 360.1626. 

 

Compound 3ha.102 mg, 90% yield, white solid, mp: 117–119 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.93 (t, J = 7.4 Hz, 3 H), 1.35–1.38 (m, 2 H), 1.62–1.67 (m, 2 H), 3.09 (s, 3 H), 

3.40 (t, J = 7.5 Hz, 2 H), 6.96 (s, 1 H), 7.08 (dd, J = 8.6, 1.6 Hz, 1 H), 7.29–7.33 (m, 3 H), 

7.39–7.42 (m, 4 H), 7.54 (d, J = 8.6 Hz, 1 H), 7.59 (s, 1 H), 7.64–7.65 (m, 1 H), 7.71–7.72 
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(m, 1 H); 13C NMR (CDCl3, 150 MHz): δ 13.7, 19.8, 30.9, 40.8, 47.9, 126.1, 126.1, 126.8, 

127.4, 127.4, 127.8, 128.6, 128.8, 128.9, 129.3, 129.9, 132.4, 132.9, 133.1, 135.2, 137.9; 

MS (EI, m/z): 380 (9), 379 (M+, 35), 301 (27), 300 (100), 281 (11); HRMS (APCI) calcd 

for C23H26NO2S (M+H)+ 380.1684, found 380.1678. 

H N
Ms

Bu

3ia  

Compound 3ia. 81 mg, 76% yield, white solid, mp: 123–125 °C; 1H NMR (CDCl3, 600 

MHz): δ 0.91 (t, J = 7.4 Hz, 3 H), 1.31–1.35 (m, 2 H), 1.56–1.59 (m, 2 H), 3.07 (s, 3 H), 

3.38–3.41 (m, 2 H), 6.65 (d, J = 11.1 Hz, 1 H), 6.75 (d, J = 15.6 Hz, 1 H), 6.92 (dd, J = 

15.6, 11.1 Hz, 1 H), 7.18–7.23 (m, 1 H), 7.26–7.33 (m, 4 H), 7.39–7.48 (m, 5 H); 13C 

NMR (CDCl3, 150 MHz): δ 13.6, 19.7, 30.9, 40.3, 48.3, 124.8, 126.5, 127.8, 128.5, 128.5, 

128.7, 128.8, 129.6, 135.0, 135.5, 136.9, 138.1; MS (EI, m/z): 356 (3), 355 (M+, 16), 232 

(33), 217 (30), 207 (29); HRMS (APCI) calcd for C21H26NO2S (M+H)+ 356.1684, found 

356.1682. 

 

Compound 3ja. 96 mg, 88% yield, colorless oil; 1H NMR (CDCl3, 600 MHz): δ 0.85–0.91 

(m, 8 H), 1.21–1.32 (m, 10 H), 1.39–1.42 (m, 2 H), 1.52–1.56 (m, 2 H), 2.13–2.16 (m, 2 

H), 2.92 (s, 3 H), 3.29 (t, J = 7.4 Hz, 2 H), 5.83 (t, J = 7.7 Hz, 1 H), 7.31–7.38 (m, 5 H); 

13C NMR (CDCl3, 150 MHz): δ 13.7, 14.0, 19.7, 22.6, 28.6, 29.1, 29.1, 29.3, 29.6, 30.6, 

31.8, 40.1, 48.0, 126.5, 128.1, 128.2, 129.2, 132.5, 135.7; MS (EI, m/z): 366 (2), 365 (M+, 

4), 350 (47), 286 (39), 210 (33), 186 (44); HRMS (APCI) calcd for C21H36NO2S (M+H)+ 

366.2467, found 366.2468. 
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Compound 3kj. 112 mg, 80% yield, white solid, mp: 149–151 °C; 1H NMR (CDCl3, 600 

MHz): δ 2.50 (s, 3 H), 3.79 (s, 3 H), 4.57 (s, 2 H), 6.52 (s, 1 H), 6.69 (d, J = 8.7 Hz, 2 H), 

6.80 (s, 2 H), 6.84 (d, J = 8.7 Hz, 2 H), 6.86–6.92 (m, 2 H), 7.09–7.12 (m, 2 H), 7.20–7.24 

(m, 2 H), 7.29–7.33 (m, 2 H), 7.36 (d, J = 8.1 Hz, 2 H), 7.84 (d, J = 8.2 Hz, 2 H); 13C 

NMR (CDCl3, 150 MHz): δ 21.5, 52.1, 55.1, 113.6, 114.7, 116.0, 126.9, 127.5, 127.7, 

127.9, 128.3, 128.9, 129.1, 129.5, 131.2, 135.8, 136.5, 136.9, 143.5, 149.7, 159.5; MS (EI, 

m/z): 470 (2), 469 (M+, 10), 350 (46), 281 (10), 209 (100); HRMS (APCI) calcd for 

C29H28NO3S (M+H)+ 470.1790, found 470.1787. 

H N
Ms

OMe3lj  

Compound 3lj. 77 mg, 81% yield, white solid, mp: 111–113 °C; 1H NMR (CDCl3, 600 

MHz): δ 3.01 (s, 3 H), 3.13 (s, 3 H), 3.83 (s, 3 H), 6.69 (s, 1 H), 6.86 (d, J = 8.6 Hz, 2 H), 

7.07 (d, J = 7.0 Hz, 2 H), 7.14–7.18 (m, 3 H), 7.31 (d, J = 8.6 Hz, 2 H); 13C NMR (CDCl3, 

150 MHz): δ 37.0, 39.0, 55.1, 113.9, 126.3, 127.1, 127.4, 128.0, 129.0, 131.1, 135.5, 

139.8, 159.8; MS (EI, m/z): 318 (4), 317 (M+, 27), 238 (38), 223 (13), 197 (100); HRMS 

(APCI) calcd for C17H20NO3S (M+H)+ 318.1164, found 318.1162. 

H N
Ms

Bn

OMe3mj  

Compound 3mj. 90 mg, 76% yield, white solid, mp: 131–133 °C; 1H NMR (CDCl3, 600 

MHz): δ 3.00 (s, 3 H), 3.81 (s, 3 H), 4.54 (s, 2 H), 6.53 (s, 1 H), 6.82 (d, J = 8.5 Hz, 2 H), 

6.99 (d, J = 6.0 Hz, 2 H), 7.10–7.14 (m, 3 H), 7.23 (d, J = 8.4 Hz, 2 H), 7.33–7.38 (m, 5 

H); 13C NMR (CDCl3, 150 MHz): δ 41.6, 51.9, 55.1, 113.9, 127.1, 127.8, 128.0, 128.5, 
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128.7, 128.9, 129.0, 129.1, 131.4, 135.5, 136.4, 137.6, 159.8; MS (EI, m/z): 394 (3), 393 

(M+, 15), 314 (39), 223 (32), 209 (36), 197 (100); HRMS (APCI) calcd for C23H24NO3S 

(M+H)+ 394.1477, found 394.1473. 

 

Compound 3oj. 85 mg, 68% yield, yellow oil, E/Z = 83:17 (determined by GC or crude 

NMR); Data of (E)-isomer: 1H NMR (CDCl3, 600 MHz): δ 0.94 (t, J = 7.4 Hz, 3 H), 

1.32–1.39 (m, 2 H), 1.62–1.68 (m, 2 H), 3.44 (t, J = 7.4 Hz, 2 H), 3.83 (s, 3 H), 5.16 (s, 2 

H), 6.54 (s, 1 H), 6.77 (d, J = 8.5 Hz, 2 H), 7.12 (d, J = 7.5 Hz, 2 H), 7.16–7.21 (m, 5 H), 

7.23–7.32 (m, 5 H); 13C NMR (CDCl3, 150 MHz): δ 13.9, 20.0, 30.5, 48.2, 55.2, 67.1, 

113.7, 126.8, 126.9, 127.5, 127.7, 128.1, 128.2, 128.4, 129.1, 130.6, 136.2, 136.7, 138.8, 

155.9, 159.5; MS (EI, m/z): 416 (1), 415 (M+, 5), 324 (43), 280 (18), 125 (16); HRMS 

(APCI) calcd for C27H30NO3 (M+H)+ 416.2226, found 416.2224. 

H N

Me

Bu
Ms

4  

Compound 4. The title compound was prepared from 3ag according to the method 

described in the literature1 in 70% yield (72 mg) as a white solid, mp 109−111 °C; 1H 

NMR (CDCl3, 600 MHz): δ 0.85 (t, J = 7.4 Hz, 3 H), 1.30–1.37 (m, 2 H), 1.52–1.64 (m, 2 

H), 2.64 (s, 3 H), 3.06 (s, 3 H), 3.73–3.84 (m, 2 H), 7.54 (d, J = 8.3 Hz, 1 H), 7.59–7.62 

(m, 1 H), 7.66–7.72 (m, 1 H), 7.75 (s, 1 H), 7.89 (d, J = 7.8 Hz, 1 H), 8.20 (d, J = 8.3 Hz, 

1 H), 8.52 (s, 1 H), 8.70 (d, J = 8.3 Hz, 1 H); 13C NMR (CDCl3, 150 MHz): δ 13.6, 19.9, 

21.9, 31.0, 38.2, 51.8, 122.6, 122.7, 124.4, 126.5, 126.9, 127.4, 128.7, 128.9, 128.9, 130.4, 

                                                           
1 (a) G. H. Hakimelahi, C. B. Boyce and H. S. Kasmai, Helv. Chim. Acta, 1977, 60, 342. (b) Z. Lu, W. 

Cui, S. Xia, Y. Bai, F. Luo and G. Zhu, J. Org. Chem., 2012, 77, 9871. 
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131.3, 131.7, 134.7, 137.2; MS (EI, m/z): 342 (6), 341 (M+, 30), 263 (19), 262 (100), 220 

(60); HRMS (APCI) calcd for C20H24NO2S (M+H)+ 342.1528, found 342.1532.  
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