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General. Unless otherwise noted, materials obtained from commercial suppliers were used 

directly without further purification. 1H, 13C, and 19F NMR spectra were measured on a 600 MHz 

or 400 MHz NMR spectrometer using CDCl3 as the solvent with tetramethylsilane (TMS) as the 

internal standard. The following abbreviations were used to explain the multiplicities: s = singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet. The proton-decoupled 19F NMR spectroscopy 

was used to determine the 19F NMR data. Chemical shifts (δ) are given in parts per million relative 

to TMS, and the coupling constants are given in hertz. High-resolution mass spectrometry (HRMS) 

analysis were carried out using a TOF MS instrument with an ESI source. Melting points reported 

here were measured by a melting point instrument and were uncorrected. The starting materials 1 

were prepared via the Cu-catalyzed coupling of allyl amides with bromoalkynes reported in the 

literature.1 

General procedure A for the synthesis of polysubstituted azetidines via a cascade 

trifluoromethylation/cyclization of N-allyl ynamides 

 

To a mixture of 1a (60.0 mg, 0.2 mmol), 2 (126.4 mg, 0.4 mmol), and Cs2CO3 (141.1 mg, 0.4 

mmol) in 3 mL of dry MeCN was added Mes-Acr-ClO4 (3.3 mg, 0.008 mmol) under a nitrogen 

atmosphere. After 36 h of irradiation at a distance of ~5 cm from 15 W blue LEDs (BESTLLON® 

lamps, 450 nm, 100% light intensity) at 25 °C, the reaction mixture was quenched with water, 

extracted with EtOAc, washed with brine, dried over anhydrous Na2SO4, and concentrated. 

Column chromatography on silica gel (petroleum ethers/EtOAc = 20:1) gave 51 mg (70% yield) 

of 3a as a light yellow solid; mp 156-158 oC; Flash column chromatography conditions: petroleum 

ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) δ 8.06 (d, J = 7.9 Hz, 1H), 7.53–7.51 (m, 1H), 

7.49–7.43 (m, 4H), 7.32–7.30 (m, 2H), 7.15 (d, J = 8.0 Hz, 1H), 4.44–4.42 (m, 1H), 4.39–4.37 (m, 

                                                             
1 W.-B. Shen, X.-T. Tang, T.-T. Zhang, D.-C. Lv, D. Zhao, T.-F. Su and L. Meng, Copper(I)-catalyzed enyne 
oxidation/cyclopropanation: divergent and enantioselective synthesis of cyclopropanes, Org. Lett., 2021, 23, 1285. 
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1H), 3.97–3.93 (m, 1H), 2.38–2.28 (m, 1H), 2.06–1.98 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 

144.3, 134.9, 132.7, 131.8, 131.3, 129.6, 129.3, 128.6, 127.4, 125.8, 125.7 (q, J = 277.3 Hz), 

123.7, 115.7, 49.9, 34.4 (q, J = 3.2 Hz), 33.8 (q, J = 29.0 Hz); 19F NMR (565 MHz, CDCl3) δ 

-65.6; HRMS (ESI) calcd for C18H15F3NO2S [M + H]+ 366.0770, found 366.0774. 

General procedure B for the synthesis of polysubstituted azetidines via a cascade 

trifluoromethylation/cyclization of N-allyl ynamides 

 

To a mixture of 1a (60.0 mg, 0.2 mmol) and 2 (126.4 mg, 0.4 mmol) in 3 mL of dry MeCN was 

added Cs2CO3 (141.1 mg, 0.4 mmol) under a nitrogen atmosphere. After stirring at 25 °C for 36 h, 

the reaction mixture was quenched with water, extracted with EtOAc, washed with brine, dried 

over anhydrous Na2SO4, and concentrated. Column chromatography on silica gel (petroleum 

ethers/EtOAc = 20:1) gave 47 mg (64% yield) of 3a as a light yellow solid.  

Scale-up synthesis of 3a 

To a mixture of 1a (297 mg, 1.0 mmol) and 2 (632 mg, 2.0 mmol) in 15 mL of dry MeCN was 

added Cs2CO3 (750 mg, 2.0 mmol) under a nitrogen atmosphere. After stirring at 25 °C for 36 h, 

the reaction mixture was quenched with water, extracted with EtOAc, washed with brine, dried 

over anhydrous Na2SO4, and concentrated. Column chromatography on silica gel (petroleum 

ethers/EtOAc = 20:1) gave 248 mg (68% yield) of 3a as a light yellow solid.  
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Compound 3b: 58 mg, 71% yield (general procedure A), light yellow solid, mp 154-156 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.07 (d, J = 8.2 Hz, 3H), 7.54 (t, J = 7.7 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.44 (d, J = 8.2 Hz, 

2H), 7.11 (d, J = 7.9 Hz, 1H), 4.46–4.39 (m, 2H), 4.05–3.93 (m, 1H), 2.67 (s, 3H), 2.40–2.32 (m, 

1H), 2.05–2.00 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 197.2, 145.2, 137.0, 137.0, 134.2, 132.9, 

131.3, 129.8, 129.2, 127.7, 125.6, 125.6 (q, J = 277.4 Hz), 123.9, 114.8, 50.0, 34.5 (q, J = 3.0 Hz), 

33.8 (q, J = 29.1 Hz), 26.7; 19F NMR (565 MHz, CDCl3) δ -65.5; HRMS (ESI) calcd for 

C20H17F3NO2S [M + H]+ 408.0876, found, 408.0873. 49 mg (60% yield) of the title compound 

could be obtained using the general procedure B as a light yellow solid. 

 

 

Compound 3c: 69 mg, 79% yield (general procedure A), gray solid, mp 158-160 oC; Flash column 

chromatography conditions: petroleum ethers/EtOAc = 15:1; 1H NMR (600 MHz, CDCl3) δ 8.15 

(d, J = 8.2 Hz, 2H), 8.07 (d, J = 7.7 Hz, 1H), 7.53 (t, J = 7.3 Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H), 

7.48 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 7.9 Hz, 1H), 4.46–4.38 (m, 4H), 

4.05–3.96 (m, 1H), 2.47–2.17 (m, 1H), 2.11–1.94 (m, 1H), 1.43 (t, J = 7.1 Hz, 3H); 13C NMR 

(151 MHz, CDCl3) δ 165.9, 145.1, 136.7, 134.3, 132.9, 131.3, 130.7, 130.5, 129.6, 127.6, 125.6, 

125.6 (q, J = 277.4 Hz), 123.9, 114.9, 61.3, 50.0, 34.5 (q, J = 3.1 Hz), 33.4 (q, J = 29.0 Hz), 14.3; 

19F NMR (565 MHz, CDCl3) δ -65.5; HRMS (ESI) calcd for C21H19F3NO4S [M + H]+ 438.0981, 

found 438.0968. 71 mg (81% yield) of the title compound could be obtained using the general 

procedure B as a gray solid. 
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Compound 3d: 59 mg, 75% yield (general procedure A), gray solid, mp 179-181 oC; Flash column 

chromatography conditions: petroleum ethers/EtOAc = 15:1; 1H NMR (600 MHz, CDCl3) δ 8.08 

(d, J = 7.9 Hz, 1H), 7.79 (d, J = 8.2 Hz, 2H), 7.56 (t, J = 7.7 Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 

7.47 (d, J = 8.2 Hz, 2H), 7.07 (d, J = 7.9 Hz, 1H), 4.46–4.43 (m, 1H), 4.43–4.41 (m, 1H), 

3.97–3.95 (m, 1H), 2.40–2.32 (m, 1H), 2.00–1.96 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 145.7, 

137.1, 133.8, 133.1, 133.0, 131.4, 130.4, 127.9, 125.4 (q, J = 277.4 Hz), 125.4, 124.0, 118.1, 114.2, 

112.6, 50.1, 34.4 (q, J = 3.1 Hz), 33.9 (q, J = 29.2 Hz); 19F NMR (565 MHz, CDCl3) δ -65.5; 

HRMS (ESI) calcd for C19H14F3N2O2S [M + H]+ 391.0723, found 391.0723. 56 mg (72% yield) of 

the title compound could be obtained using the general procedure B as a gray solid. 

 

 

Compound 3e: 55 mg, 63% yield (general procedure A), light yellow solid, mp 179-181 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.08 (d, J = 7.1 Hz, 1H), 7.75 (d, J = 8.1 Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.49 (d, J = 7.4 Hz, 

1H), 7.47 (d, J = 8.3 Hz, 2H), 7.08 (d, J = 7.9 Hz, 1H), 4.46–4.40 (m, 2H), 3.99–3.96 (m, 1H), 

2.40–2.34 (m, 1H), 2.04–1.96 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 145.3, 136.0, 134.2, 133.0, 

131.3, 130.9 (q, J = 30.0 Hz), 130.1, 127.7, 126.3 (q, J = 3.6 Hz), 125.6 (q, J = 277.5 Hz), 125.5, 

123.9, 123.9 (q, J = 272.3 Hz), 114.5, 50.0, 34.4 (q, J = 3.1 Hz), 34.0 (q, J = 29.1 Hz); 19F NMR 

(565 MHz, CDCl3) δ -62.7, -65.5; HRMS (ESI) calcd for C19H13F6NO2S [M + H]+ 434.0644, 



S6 
 

found 434.0646. 56 mg (65% yield) of the title compound could be obtained using the general 

procedure B as a light yellow solid. 

 

 

Compound 3f: 49 mg, 64% yield (general procedure A), light yellow solid, mp 185-187 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.06 (d, J = 7.9 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.32–7.28 (m, 2H), 

7.18 (t, J = 8.5 Hz, 2H), 7.10 (d, J = 8.0 Hz, 1H), 4.43–4.37(m, 2H), 3.95–3.91 (m, 1H), 2.38–2.32 

(m, 1H), 2.10–1.95 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 162.7 (d, J = 249.1 Hz), 144.5, 134.8, 

132.8, 131.4 (d, J = 8.2 Hz), 131.3, 127.8 (d, J = 3.4 Hz), 127.5, 125.6 (q, J = 277.4 Hz), 125.6, 

123.8, 116.5 (d, J = 21.6 Hz), 114.7, 49.9, 34.3 (q, J = 3.2 Hz), 33.9 (q, J = 28.9 Hz); 19F NMR 

(565 MHz, CDCl3) δ -65.6, -112.2; HRMS (ESI) calcd for C18H14F4NO2S [M + H]+ 384.0676, 

found 384.0675. 48 mg (63% yield) of the title compound could be obtained using the general 

procedure B as a light yellow solid. 

 

 

Compound 3g: 60 mg, 68% yield (general procedure A), light yellow solid, mp 135-137 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.06 (d, J = 7.9 Hz, 1H), 7.62 (d, J = 8.3 Hz, 2H), 7.53 (t, J = 7.7 Hz, 1H), 7.47 (t, J = 7.6 Hz, 

1H), 7.20 (d, J = 8.3 Hz, 2H), 7.10 (d, J = 8.0 Hz, 1H), 4.44–4.38 (m, 2H), 3.96–3.92 (m, 1H), 
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2.43–2.29 (m, 1H), 2.15–2.00 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 144.7, 134.4, 132.8, 132.6, 

131.3, 131.2, 130.9, 127.6, 125.6 (q, J = 277.4 Hz), 125.6, 123.8, 122.9, 114.6, 49.9, 34.4 (q, J = 

3.1 Hz), 33.9 (q, J = 29.0 Hz); 19F NMR (565 MHz, CDCl3) δ -65.5; HRMS (ESI) calcd for 

C18H14BrF3NO2S [M + H]+ 443.9875, found 443.9875. 58 mg (66% yield) of the title compound 

could be obtained using the general procedure B as a light yellow solid. 

 

 

Compound 3h: 52 mg, 65% yield (general procedure A), light yellow solid, mp 155-157 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.06 (d, J = 7.9 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.48–7.45 (m, 3H), 7.26 (d, J = 8.4 Hz, 2H), 

7.10 (d, J = 7.9 Hz, 1H), 4.44–4.38 (m, 2H), 4.00–3.89 (m, 1H), 2.45–2.28 (m, 1H), 2.11–1.98 (m, 

1H); 13C NMR (151 MHz, CDCl3) δ 144.7, 134.7, 134.5, 132.8, 131.3, 131.0, 130.4, 129.6, 127.6, 

125.6 (q, J = 277.4 Hz), 125.6, 123.8, 114.6, 49.9, 34.4 (q, J = 3.1 Hz), 33.9 (q, J = 29.0 Hz); 19F 

NMR (565 MHz, CDCl3) δ -65.5; HRMS (ESI) calcd for C18H14ClF3NO2S [M + H]+ 400.0380, 

found 400.0382. 53 mg (67% yield) of the title compound could be obtained using the general 

procedure B as a light yellow solid. 

 

 

Compound 3i: 50 mg, 60% yield (general procedure A), light yellow solid, mp 163-165 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 
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δ 8.06 (d, J = 7.8 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.47 (d, J = 8.2 Hz, 2H), 7.44 (t, J = 7.6 Hz, 

1H), 7.22 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.0 Hz, 1H), 4.42–4.37 (m, 2H), 3.97–3.93 (m, 1H), 

2.35–2.33 (m, 1H), 2.08–2.05 (m, 1H), 1.37 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 151.7, 144.0, 

135.1, 132.7, 131.3, 129.2, 128.7,, 127.3, 126.1, 126.0, 125.8 (q, J = 277.4 Hz), 123.7, 115.7, 49.8, 

34.7, 34.5 (q, J = 3.1 Hz), 33.9 (q, J = 28.8 Hz), 31.3; 19F NMR (565 MHz, CDCl3) δ -62.7; 

HRMS (ESI) calcd for C19H17ClF3NO2S [M + H]+ 422.1396, found 422.1400. 47 mg (56% yield) 

of the title compound could be obtained using the general procedure B as a light yellow solid. 

 

 

Compound 3j: 55 mg, 72% yield (general procedure A), light yellow solid, mp 153-155 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.06 (d, J = 7.9 Hz, 1H), 7.51 (t, J = 7.7 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 7.8 Hz, 

2H), 7.19 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 1H), 4.43–4.36 (m, 2H), 3.95–3.93 (m, 1H), 

2.42 (s, 3H), 2.39–2.28 (m, 1H), 2.14–1.99 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 144.0, 138.6, 

135.1, 132.7, 131.4, 130.0, 129.5, 128.7, 127.3, 125.9, 125.8 (q, J = 277.2 Hz), 123.7, 115.7, 49.8, 

34.5 (q, J = 3.3 Hz), 33.9 (q, J = 28.9 Hz), 21.3; 19F NMR (565 MHz, CDCl3) δ -65.6; HRMS (ESI) 

calcd for C19H17ClF3NO2S [M + H]+ 380.0927, found 380.0925. 50 mg (66% yield) of the title 

compound could be obtained using the general procedure B as a light yellow solid. 
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Compound 3k: 55 mg, 73% yield (general procedure A), light yellow solid, mp 103-105 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.06 (d, J = 7.9 Hz, 1H), 7.52 (t, J = 7.7 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.35 (t, J = 7.6 Hz, 

1H), 7.24 (d, J = 7.6 Hz, 1H), 7.17 (d, J = 7.5 Hz, 1H), 7.12 (s, 1H), 7.10 (d, J = 7.6 Hz, 1H), 

4.43–4.36 (m, 2H), 3.97–3.92 (m, 1H), 2.40 (s, 3H), 2.37–2.28 (m, 1H), 2.10–1.97 (m, 1H); 13C 

NMR (151 MHz, CDCl3) δ 144.1, 139.0, 135.0, 132.7, 131.7, 131.3, 130.2, 129.4, 129.1, 127.3, 

126.6, 125.9, 125.8 (q, J = 277.3 Hz), 123.7, 115.8, 49.9, 34.4 (q, J = 3.2 Hz), 33.9 (q, J = 28.9 Hz), 

21.4; 19F NMR (565 MHz, CDCl3) δ -65.6; HRMS (ESI) calcd for C19H17F3NO2S [M + H]+ 

380.0927, found 380.0910. 53mg (70% yield) of the title compound could be obtained using the 

general procedure B as a light yellow solid. 

 

 

Compound 3l: 40 mg, 51% yield (general procedure A), light yellow solid, mp 143-145 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.05 (d, J = 7.9 Hz, 1H), 7.52 (t, J = 7.6, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.18 (d, J = 8.0, 1H), 7.05 

(s, 1H), 6.91 (s, 2H), 4.42–4.35 (m, 2H), 3.96–3.94 (m, 1H), 2.35 (s, 6H), 2.34–2.21 (m, 1H), 

2.10–2.03 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 143.9, 138.9, 135.1, 132.7, 131.6, 131.4, 130.2, 

127.3, 127.2, 126.0, 125.8 (q, J = 277.4 Hz), 123.6, 116.0, 49.9, 34.5 (q, J = 3.2 Hz), 33.9 (q, J = 

29.0 Hz), 21.3; 19F NMR (565 MHz, CDCl3) δ -65.7; HRMS (ESI) calcd for C20H19F3NO2S [M + 

H]+ 394.1083, found 394.1089. 35 mg (44% yield) of the title compound could be obtained using 

the general procedure B as a light yellow solid. 
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Compound 3m: 42 mg, 55% yield (general procedure A), light yellow oil; Flash column 

chromatography conditions: petroleum ethers/EtOAc = 20:1; dr = 1.5:1; The two rotamers can’t be 

separated after flash column chromatography. Data of the major rotamer: 1H NMR (600 MHz, 

CDCl3) δ 8.06 (d, J = 7.9 Hz, 1H), 7.51–7.46 (m, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.40–7.34 (m, 1H), 

7.35–7.27 (m, 2H), 7.21 (d, J = 7.6 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 4.48–4.42 (m, 1H), 4.33 (dd, 

J = 7.4, 7.4 Hz, 1H), 3.91–3.80 (m, 1H), 2.34–2.22 (m, 1H), 2.09 (s, 3H), 1.85–1.73 (m, 1H); 13C 

NMR (151 MHz, CDCl3) δ 144.5, 137.8, 134.8, 132.9, 131.1, 130.9, 130.8, 130.4, 129.2, 127.3, 

126.7, 125.6 (q, J = 277.4 Hz), 125.3, 123.8, 115.2, 49.7, 34.1 (q, J = 3.3 Hz), 33.1 (q, J = 28.9 

Hz), 19.9; 19F NMR (565 MHz, CDCl3) δ -65.4. Data of the Minor rotamer: 1H NMR (600 MHz, 

CDCl3) δ 8.06 (d, J = 7.9 Hz, 1H), 7.52–7.47 (m, 1H), 7.44 (t, J = 7.6, 1H), 7.41–7.33 (m, 1H), 

7.33–7.27 (m, 2H), 7.16 (d, J = 7.6 Hz, 1H), 6.82 (d, J = 7.9 Hz, 1H), 4.56 (dd, J = 7.4, 7.4 Hz, 

1H), 4.29 (dd, J = 7.8, 4.7 Hz, 1H), 3.67–3.55 (m, 1H), 2.55–2.42 (m, 1H), 2.19 (s, 3H), 2.18–2.00 

(m, 1H); 13C NMR (151 MHz, CDCl3) δ 144.4, 138.0, 135.2, 132.8, 131.2, 131.0, 130.8, 130.7, 

129.1, 127.3, 126.3, 125.6 (q, J = 277.9 Hz), 125.5, 123.6, 114.6, 49.9, 35.3 (q, J = 28.8 Hz), 34.6 

(9, J = 3.3 Hz), 19.5; 19F NMR (565 MHz, CDCl3) δ -65.6; HRMS (ESI) Calcd for C19H17F3NO2S 

[M + H]+ 380.0927, found 380.0927. 43 mg (57% yield) of the title compound could be obtained 

using the general procedure B as a light yellow oil. 

 

 

Compound 3n: 59 mg, 75% yield (general procedure A), light yellow solid, mp 124-126 oC; Flash 
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column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.05 (d, J = 7.9 Hz, 1H), 7.52 (t, J = 7.9 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 7.22 (d, J = 8.7 Hz, 

1H), 7.16 (d, J = 8.0 Hz, 1H), 6.99 (d, J = 8.7 Hz, 1H), 4.43–4.35 (m, 2H), 3.94–3.87 (m, 1H), 

3.87 (s, 3H), 2.36–2.32 (m, 1H), 2.09–2.04 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 159.7, 143.8, 

135.2, 132.7, 131.4, 130.8, 127.3, 125.8, 125.8 (q, J = 277.4 Hz), 123.7, 123.7, 115.4, 114.7, 55.3, 

49.8, 34.4 (q, J = 3.2 Hz), 33.9 (q, J = 28.8 Hz); 19F NMR (565 MHz, CDCl3) δ -65.5; HRMS 

(ESI) calcd for C19H17F3NO3S [M + H]+ 396.0876, found 396.0864. 49 mg (62% yield) of the title 

compound could be obtained using the general procedure B as a light yellow solid. 

 

 

Compound 3o: 56 mg, 68% yield (general procedure A), light yellow solid, mp 130-132 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.05 (d, J = 7.9 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.17 (d, J = 8.0 Hz, 

1H), 6.90 (d, J = 8.3 Hz, 1H), 6.76 (td, J = 4.1, 1.7 Hz, 2H), 6.06 (d, J = 2.7 Hz, 1H), 4.43–4.35 

(m, 2H), 3.93–3.91 (m, 1H), 2.44–2.29 (m, 1H), 2.24–2.07 (m, 1H); 13C NMR (151 MHz, CDCl3) 

δ 148.4, 147.9, 144.2, 135.0, 132.7, 131.3, 127.4, 125.8 (q, J = 277.5 Hz), 125.8, 125.2, 123.7, 

123.2, 115.4, 109.8, 109.0, 101.5, 49.8, 34.4 (q, J = 3.2 Hz), 34.0 (q, J = 28.2 Hz); 19F NMR (565 

MHz, CDCl3) δ -65.5; HRMS (ESI) calcd for C19H15F3NO4S [M + H]+ 410.0668, found 410.0667. 

 56 mg (68% yield) of the title compound could be obtained using the general procedure B as a 

light yellow solid. 
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Compound 3p: 47 mg, 64% yield (general procedure A), light yellow solid, mp 148-150 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 1:1; 1H NMR (600 MHz, CDCl3) δ 

8.71 (d, J = 3.6 Hz, 1H), 8.60 (d, J = 1.4 Hz, 1H), 8.08 (dd, J = 7.9, 0.9 Hz, 1H), 7.67 (dt, J = 7.8, 

1.9 Hz, 1H), 7.55 (td, J = 7.9, 1.3 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.44 (dd, J = 7.7, 4.9 Hz, 1H), 

7.06 (d, J = 7.8 Hz, 1H), 4.44 (d, J = 6.0 Hz, 2H), 4.00–3.94 (m, 1H), 2.42–2.36 (m, 1H), 

2.05–2.00 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 150.3, 150.0, 145.7, 137.2, 134.2, 133.0, 131.3, 

128.2, 127.8, 125.5 (q, J = 277.5 Hz), 125.3, 124.0, 124.0, 112.1, 50.0, 34.4 (q, J = 3.1 Hz), 34.2 

(q, J = 29.1 Hz); 19F NMR (565 MHz, CDCl3) δ -65.4; HRMS (ESI) calcd for C19H17F3NO2S [M + 

H]+ 367.0723, found 367.0722. 40 mg (55% yield) of the title compound could be obtained using 

the general procedure B as a light yellow solid. 

 

Compound 3q: 50 mg, 60% yield (general procedure A), light yellow solid, mp 168-170 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 7.99 (d, J = 8.5 Hz, 1H), 7.53–7.45 (m, 3H), 7.41 (d, J = 8.5 Hz, 1H), 7.29 (d, J = 6.9 Hz, 2H), 

7.10 (d, J = 1.7 Hz, 1H), 4.46–4.37 (m, 2H), 4.01–3.88 (m, 1H), 2.43–2.24 (m, 1H), 2.02–1.98 (m, 

1H); 13C NMR (151 MHz, CDCl3) δ 145.8, 139.5, 136.7, 131.1, 129.6, 129.5, 129.0, 128.3, 127.4, 

125.6, 125.6 (q, J = 277.3 Hz), 125.4, 115.0, 50.1, 34.5 (q, J = 3.1 Hz), 33.8 (q, J = 29.0 Hz); 19F 

NMR (565 MHz, CDCl3) δ -65.6; HRMS (ESI) calcd for C18H13ClF3NO2SNa [M + Na]+ 422.0200, 

found 422.0180. 44 mg (52% yield) of the title compound could be obtained using the general 

procedure B as a light yellow solid. 
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Compound 3r: 40 mg, 45% yield (general procedure A), white solid, mp 182-184 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1 1H NMR (600 MHz, CDCl3) 

δ 7.96–7.78 (m, 1H), 7.76–7.56 (m, 1H), 7.54–7.45 (m, 3H), 7.34–7.28 (m, 2H), 7.26 (d, J = 2.4 

Hz, 1H), 4.46–4.36 (m, 2H), 4.00–3.88 (m, 1H), 2.37–2.26 (m, 1H), 2.07–1.92 (m, 1H); 13C NMR 

(151 MHz, CDCl3) δ 145.8, 136.7, 136.3, 134.5, 131.1, 130.4, 129.5, 129.0, 128.5, 125.62 (q, J = 277.5 

Hz), 125.4, 125.1, 114.9, 50.1, 34.5 (q, J = 3.2 Hz), 33.8 (q, J = 28.9 Hz); 19F NMR (565 MHz, 

CDCl3) δ -65.6; HRMS (ESI) calcd for C18H15F3NO2S [M + H]+ 443.9865, found 443.9875. 35 mg 

(40% yield) of the title compound could be obtained using the general procedure B as a white 

solid. 

 

 

Compound 3s: 55 mg, 65% yield (general procedure A), light yellow solid, mp 193-195 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 7.99 (d, J = 8.4 Hz, 1H), 7.52–7.46 (m, 3H), 7.44 (d, J = 7.4 Hz, 1H), 7.32 (d, J = 6.9 Hz, 2H), 

7.16 (d, J = 1.8 Hz, 1H), 4.42–4.34 (m, 2H), 3.97–3.93 (m, 1H), 2.35–2.26 (m, 1H), 2.05–1.97 (m, 

1H), 1.22 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 156.6, 144.1, 134.5, 132.0, 129.5, 129.2, 128.6, 

128.6, 125.8 (q, J = 277.4 Hz), 124.7, 123.6, 122.8, 116.0, 49.8, 35.2, 34.4 (q, J = 3.1 Hz), 33.8 (q, 

J = 28.9 Hz), 30.9; 19F NMR (565 MHz, CDCl3) δ -65.6; HRMS (ESI) calcd for C18H15F3NO2S 

[M + H]+ 422.1396, found 422.1377. 43 mg (51% yield) of the title compound could be obtained 

using the general procedure B as a light yellow solid. 
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Compound 3t: 56 mg, 74% yield (general procedure A), light yellow solid, mp 167-169 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 7.95 (d, J = 8.1 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.45 (d, J = 7.1 Hz, 1H), 7.32–7.28 (m, 2H), 

7.28–7.22 (m, 1H), 6.92 (s, 1H), 4.41–4.34 (m, 2H), 3.94–3.91 (m, 1H), 2.33 (s, 3H), 2.31–2.24 

(m, 1H), 2.00–1.96 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 144.3, 143.6, 134.8, 132.0, 129.6, 

129.3, 128.7, 128.6, 128.2, 126.1, 125.7 (q, J = 277.3 Hz), 123.8, 115.6, 49.8, 34.4 (q, J = 3.3 Hz), 

33.9 (q, J = 29.0 Hz), 21.7; 19F NMR (565 MHz, CDCl3) δ -65.6; HRMS (ESI) calcd for 

C18H15F3NO2S [M + H]+ 380.0927, found 380.0915. 50 mg (66% yield) of the title compound 

could be obtained using the general procedure B as a light yellow solid. 

 

N
S

Ph

O O

CF3

3v  

Compound 3v: 58 mg, 76% yield (general procedure A), light yellow solid, mp 124-126 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.06 (d, J = 7.8 Hz, 1H), 7.54–7.40 (m, 5H), 7.34–7.24 (m, 2H), 6.94 (d, J = 7.9 Hz, 1H), 4.51 (d, 

J = 7.6 Hz, 1H), 4.08 (d, J = 7.6 Hz, 1H), 2.63–2.48 (m, 1H), 2.11–1.84 (m, 1H), 1.52 (s, 3H); 13C 

NMR (151 MHz, CDCl3) δ 149.6, 135.8, 132.7, 132.3, 130.8, 130.3, 129.1, 128.7, 127.2, 126.1, 

125.7 (q, J = 278.6 Hz), 123.5, 114.5, 55.3, 42.6 (q, J = 2.1 Hz), 39.6 (q, J = 27.7 Hz), 23.1; 19F 

NMR (565 MHz, CDCl3) δ -61.2; HRMS (ESI) calcd for C19H17F3NO2S [M + H]+ 380.0927, 

found 380.0929. 55 mg (73% yield) of the title compound could be obtained using the general 

procedure B as a light yellow solid. 
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Compound 3w: 53 mg, 63% yield (general procedure A), light yellow solid, mp 123-125 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.05 (dd, J = 7.8, 1.0 Hz, 1H), 7.54–7.39 (m, 5H), 7.31–7.27 (m, 1H), 7.26–7.22 (m, 1H), 6.95 

(d, J = 7.9 Hz, 1H), 4.47 (d, J = 7.8 Hz, 1H), 4.17 (d, J = 7.8 Hz, 1H), 2.59–2.54 (m, 1H), 

2.07–2.03 (m, 1H), 1.82–1.64 (m, 1H), 1.56–1.49 (m, 2H), 1.46 (dd, J = 11.9, 4.8 Hz, 1H), 1.34 (tt, 

J = 13.9, 6.9 Hz, 2H), 0.91 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 148.0, 135.7, 132.6, 

132.5, 130.8, 130.3, 129.1, 128.7, 127.2, 126.0, 125.8 (q, J = 278.8 Hz), 123.5, 114.9, 52.1, 46.8, 

39.6 (q, J = 27.6 Hz), 34.9, 26.7, 22.8, 13.8; 19F NMR (565 MHz, CDCl3) δ -60.6; HRMS (ESI) 

Calcd for C22H23F3NO2S [M + H]+ 422.1396, found 422.1401. 38 mg (45% yield) of the title 

compound could be obtained using the general procedure B as a light yellow solid. 

 

 

Compound 3x: 67 mg, 70% yield (general procedure A), light yellow oil; dr = 1.6:1; Flash column 

chromatography conditions: petroleum ethers/EtOAc = 20:1; The two isomers can’t be separated 

after flash column chromatography. Data of the major isomer: 1H NMR (600 MHz, CDCl3) δ 8.06 

(d, J = 7.8 Hz, 1H), 7.51–7.37 (m, 5H), 7.36–7.27 (m, 2H), 6.94 (d, J = 7.8 Hz, 1H), 4.57 (t, J = 

3.6 Hz, 1H), 4.49 (d, J = 7.6 Hz, 1H), 4.40 (d, J = 7.6 Hz, 1H), 3.86 (d, J = 10.3 Hz, 1H), 

3.81–3.73 (m, 1H), 3.55–3.48 (m, 1H), 3.42 (d, J = 10.3 Hz, 1H), 2.54–2.39 (m, 1H), 2.39–2.25 

(m, 1H), 1.86–1.77 (m, 1H), 1.76–1.47 (m, 5H); 13C NMR (151 MHz, CDCl3) δ 146.4, 135.8, 

132.5, 132.4, 131.0, 130.2, 128.9, 128.6, 127.2, 126.1, 125.6 (d, J = 278.4 Hz), 123.4, 115.3, 99.3, 

68.8, 62.5, 51.3, 46.9, 36.4 (q, J = 28.7 Hz), 30.3, 25.2, 19.2; 19F NMR (565 MHz, CDCl3) δ -60.9. 

Data of the minor isomer: 1H NMR (600 MHz, CDCl3) δ 8.05 (d, J = 7.8 Hz, 1H), 7.51–7.36 (m, 

5H), 7.34–7.27 (m, 2H), 6.94 (d, J = 7.8 Hz, 1H), 4.59 (t, J = 3.5 Hz, 1H), 4.53 (d, J = 7.8 Hz, 1H), 



S16 
 

4.33 (d, J = 7.8 Hz, 1H), 3.96 (d, J = 10.3 Hz, 1H), 3.81–3.72 (m, 1H), 3.55–3.49 (m, 1H), 3.46 (d, 

J = 10.3 Hz, 1H), 2.53– 2.39 (m, 1H), 2.39–2.24 (m, 1H), 1.76–1.46 (m, 6H); 13C NMR (151 MHz, 

CDCl3) δ 146.4, 135.8, 132.5, 132.5, 131.0, 130.7, 128.9, 128.6, 127.2, 126.2, 125.7 (d, J = 278.2 

Hz), 123.4, 115.4, 99.4, 69.7, 62.3, 51.3, 46.8, 36.3 (q, J = 28.4 Hz), 30.1, 25.2, 19.2; 19F NMR 

(565 MHz, CDCl3) δ -61.0; HRMS (ESI) Calcd for C24H25F3NO4S [M + H]+ 480.1451, found 

480.1502. 71 mg (74% yield) of the title compound could be obtained using the general procedure 

B as a light yellow oil. 

 

 

Compound 3y: 75 mg, 74% yield (general procedure A), white solid, mp 104-106 oC; Flash 

column chromatography conditions: petroleum ethers/EtOAc = 20:1; 1H NMR (600 MHz, CDCl3) 

δ 8.05 (d, J = 7.8 Hz, 1H), 7.50–7.39 (m, 5H), 7.31 (m, 2H), 6.93 (d, J = 7.1 Hz, 1H), 4.49 (d, J = 

7.7 Hz, 1H), 4.29 (d, J = 7.7 Hz, 1H), 3.75 (d, J = 10.4 Hz, 1H), 3.61 (d, J = 10.4 Hz, 1H), 

2.39–2.25 (m, 2H), 0.86 (s, 9H), 0.05 (d, J = 8.9 Hz, 6H); 13C NMR (151 MHz, CDCl3) δ 146.3, 

135.7, 132.5, 130.9, 130.5, 130.2, 128.9, 128.6, 127.2, 126.0, 125.7 (q, J = 278.2 Hz), 123.4, 115.2, 

65.4, 51.1, 48.4, 35.9 (q, J = 28.7 Hz), 25.7, 18.2, -5.6 (d, J = 12.3 Hz); 19F NMR (565 MHz, 

CDCl3) δ -60.9; HRMS (ESI) Calcd for C25H31F3NO3SSi [M + H]+ 510.1741, found 510.1743. 66 

mg (65% yield) of the title compound could be obtained using the general procedure B as a white 

solid. 
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NMR spectra 
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X-Ray crystallographic data 

 

 

 
Figure S1 ORTEP drawing of 3a showing the atom-labeling scheme and displacement 

ellipsoids drawn at the 50% probability level. 
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