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1. General experimental details  

All reactions were maintained under a nitrogen atmosphere unless otherwise stated. 

Commercially available reagents were used without further purification. Infrared (FT-IR) spectra 

were recorded on a BRUKER VERTEX 70, νmax in cm-1. 1H-NMR spectra were recorded on a 

BRUKER AVANCE III HD (400 MHz) spectrometer. Chemical shifts are reported in ppm from 

tetramethylsilane with the solvent resonance as internal standard (CDCl3: δ 7.26). Data are 

reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quadruplet, 

br = broad, m = multiplet), coupling constants (Hz) and integration. 13C-NMR spectra were 

recorded on a BRUKER AVANCE III HD (100 MHz) spectrometer with complete proton 

decoupling. Chemical shifts are reported in ppm from tetramethylsilane with the solvent resonance 

as the internal standard (CDCl3: δ 77.16). 19F-NMR spectra were recorded on a BRUKER 

AVANCE III HD (376 MHz) spectrometer. Mass spectra were measured with an Agilent 

Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were 

measured with a GCT PremierTM and BRUKER micrOTF-Q III. Melting points were measured 

using INESA WRR and values are uncorrected. 

The starting materials 1a-1y (tertiary alcohols) were prepared by the addition of TMSCN to the 

precursor ketones, which were synthesized according to the reported procedures.1 The precursor 

ketone of 3 was prepared based on the reported procedure.2  

 

2. General procedure for the cyanotrifluoromethylthiolation of 

alkynes 

Tertiary alcohol 1 (0.2 mmol, 1.0 equiv.), AgSCF3 (63 mg, 0.3 mmol, 1.5 equiv.), and K2S2O8 

(162 mg, 0.6 mmol, 3.0 equiv.) were loaded in a reaction vial which was subjected to evacuation/ 

flushing with N2 three times. DMSO (2 mL) was added to the mixture via syringe and the reaction 

was stirred at rt for a few hours until the starting material 1 was consumed monitored by TLC. 

After the reaction completion, water (15 mL) was added to the reaction. The resultant reaction 

mixture was extracted with ethyl acetate (3 x 15 mL). The combined organic extracts were washed 

by brine, dried over Na2SO4, filtered, concentrated, and purified by flash column chromatography 

on silica gel (eluent: ethyl acetate/ petroleum ether) to give the desired product 2. 

 

3. Characterization of starting materials 

1a: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.57-7.53 (m, 

2H), 7.44-7.35 (m, 3H), 2.59-2.47 (m, 1H), 2.42-2.32 (m, 1H), 

2.26-2.11 (m, 4H), 1.51-1.33 (m, 4H), 0.91 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 139.5, 129.1, 128.8, 124.8, 

                                                             
1 S. Chang, Y. Na, E. Choi and S. Kim, Org. Lett., 2001, 3, 2089. 
2  H. Y. Kim, J.-Y. Li and K. Oh, J. Org. Chem., 2012, 77, 11132. 
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120.2, 83.1, 77.8, 74.5, 42.2, 30.8, 21.9, 18.3, 14.6, 13.5. FT-IR: ν (cm-1) 3416, 2959, 2933, 2272, 

2243, 1449, 1097. HRMS [ESI] calcd for C16H19NONa [M+Na]+ 264.1359, found 264.1360. 

 

1b: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.54-7.48 (m, 

2H), 7.12-7.05 (m, 2H), 4.30 (br, 1H), 2.56-2.43 (m, 1H), 

2.40-2.30 (m, 1H), 2.22-2.06 (m, 4H), 1.48-1.32 (m, 4H), 

0.90 (t, J = 7.2 Hz, 3H); 19F NMR (376 MHz, CDCl3) δ 

-112.4 (s); 13C NMR (100 MHz, CDCl3) δ 162.9 (d, JC-F = 247.1 Hz), 135.3 (d, JC-F = 3.1 Hz), 

126.7 (d, JC-F = 8.4 Hz), 120.1, 115.7 (d, JC-F = 21.7 Hz), 83.2, 77.6, 73.9, 42.2, 30.7, 21.8, 18.2, 

14.5, 13.5. FT-IR: ν (cm-1) 3423, 2959, 2863, 2247, 1677, 1509, 1232. HRMS [ESI] calcd for 

C16H18FNONa [M+Na]+ 282.1265, found 282.1259. 

 

1c: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.47-7.42 

(m, 2H), 7.39-7.34 (m, 2H), 4.38 (s, 1H), 2.52-2.40 (m, 

1H), 2.38-2.28 (m, 1H), 2.20-2.03 (m, 4H), 1.50-1.31 (m, 

4H), 0.89 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 137.9, 135.0, 128.9, 126.3, 119.9, 83.2, 77.5, 73.8, 42.1, 30.7, 21.8, 18.2, 14.4, 13.8. FT-IR: ν 

(cm-1) 3082, 2930, 2850, 2244, 1674, 1098. HRMS [ESI] calcd for C16H18ClNONa [M+Na]+ 

298.0969, found 298.0969. 

 

1d: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.56-7.52 

(m, 2H), 7.43-7.39 (m, 2H), 4.31 (s, 1H), 2.56-2.46 (m, 

1H), 2.42-2.32 (m, 1H), 2.21-2.07 (m, 4H), 1.50-1.32 (m, 

4H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 138.6, 131.9, 126.6, 123.2, 119.8, 83.5, 77.6, 74.0, 42.0, 30.7, 21.9, 18.3, 14.6, 13.5. FT-IR: ν 

(cm-1) 3420, 2958, 2861, 2247, 1488, 1010. HRMS [ESI] calcd for C16H18BrNONa [M+Na]+ 

342.0464, found 342.0467. 

 

1e: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.68-7.64 

(m, 4H), 4.61 (s, 1H), 2.54-2.44 (m, 1H), 3.43-2.32 (m, 

1H), 2.23-2.08 (m, 4H), 1.49-1.32 (m, 4H), 0.89 (t, J = 

7.2 Hz, 3H); 19F NMR (376 MHz, CDCl3) δ -62.8 (s); 13C NMR (100 MHz, CDCl3) δ 143.3, 131.3 

(q, JC-F = 32.5 Hz), 125.8 (q, JC-F = 3.7 Hz), 125.4, 123.7 (q, JC-F = 270.6 Hz), 119.8, 83.5, 77.4, 

73.9, 42.1, 30.7, 21.8, 18.2, 14.4, 13.4. FT-IR: ν (cm-1) 3421, 2934, 2864, 2247, 1621, 1413, 1016. 

HRMS [ESI] calcd for C17H18F3NONa [M+Na]+ 332.1233, found 332.1239. 

 

1f: yellow oil. 1H NMR (400 MHz, CDCl3) δ 

7.59-7.55 (m, 2H), 7.26-7.23 (m, 2H), 4.47 (s, 1H), 

2.55-2.45 (m, 1H), 2.42-2.33 (m, 1H), 2.22-2.09 (m, 

4H), 1.49-1.32 (m, 4H), 0.90 (t, J = 7.2 Hz, 3H); 19F NMR (376 MHz, CDCl3) δ -58.0 (s); 13C 

NMR (100 MHz, CDCl3) δ 149.6 (q, JC-F = 1.8 Hz), 138.1, 126.5, 121.1, 120.3 (q, JC-F = 256.4 

Hz), 119.9, 83.4, 77.5, 73.8, 42.2, 30.7, 21.9, 18.2, 14.5, 13.5. FT-IR: ν (cm-1) 3422, 2960, 2934, 
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2864, 2248, 1509, 1089. HRMS [ESI] calcd for C17H18F3NO2Na [M+Na]+ 348.1182, found 

348.1196. 

 

1g: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.78-7.66 

(m, 4H), 4.64 (s, 1H), 2.62-2.50 (m, 1H), 2.48-2.38 (m, 

1H), 2.24-2.08 (m, 4H), 1.50-1.32 (m, 4H), 0.90 (t, J = 

7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.6, 132.6, 

125.8, 119.4, 118.0, 112.9, 84.0, 77.3, 74.0, 41.9, 30.7, 

21.9, 18.2, 14.6, 13.5. FT-IR: ν (cm-1) 3406, 2958, 2862, 2233, 1703, 1090. HRMS [ESI] calcd for 

C17H18N2ONa [M+Na]+ 289.1311, found 289.1320. 

 

1h: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 

8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 2.55-2.43 (m, 1H), 

2.37 (s, 3H), 2.37-2.28 (m, 1H), 2.25-2.10 (m, 4H), 

1.50-1.33 (m, 4H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 139.0, 136.5, 129.4, 124.7, 120.3, 82.8, 77.9, 74.2, 42.1, 30.8, 21.9, 21.0, 18.3, 

14.6, 13.5. FT-IR: ν (cm-1) 3421, 2958, 2862, 2244, 1613, 1087. HRMS [ESI] calcd for 

C17H21NONa [M+Na]+ 278.1515, found 278.1525. 

 

1i: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.50-7.41 

(m, 4H), 4.01 (s, 1H), 2.56-2.44 (m, 1H), 2.40-2.31 (m, 

1H), 2.29-2.10 (m, 4H), 1.51-1.35 (m, 4H), 1.33 (s, 9H), 

0.91 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

152.2, 136.4, 125.7, 124.5, 120.3, 82.8, 77.9, 74.2, 42.1, 

34.6, 31.2, 30.8, 21.9, 18.3, 14.6, 13.5. FT-IR: ν (cm-1) 3424, 2960, 2871, 2365, 2248, 1364, 1088. 

HRMS [ESI] calcd for C20H27NONa [M+Na]+ 320.1985, found 320.1986. 

 

1j: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.44-7.40 

(m, 2H), 6.90-6.86 (m, 2H), 4.17 (s, 1H), 3.78 (s, 3H), 

2.48-2.37 (m, 1H), 2.33-2.24 (m, 1H), 2.24-2.06 (m, 4H), 

1.48-1.31 (m, 4H), 0.89 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 159.9, 131.5, 126.1, 120.3, 114.0, 82.5, 77.8, 73.8, 55.2, 42.2, 30.7, 21.8, 

18.2, 14.4, 13.5. FT-IR: ν (cm-1) 3423, 2933, 2862, 2248, 2048, 1610, 1443, 1120. HRMS [ESI] 

calcd for C17H21NO2Na [M+Na]+ 294.1465, found 294.1455. 

 

1k: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.37-7.32 (m, 

2H), 7.31-7.27 (m, 1H), 7.18 (d, J = 7.2 Hz, 1H), 4.08 (s, 1H), 

2.55-2.43 (m, 1H), 2.38 (s, 3H), 2.37-2.28 (m, 1H), 2.26-2.10 

(m, 4H), 1.51-1.34 (m, 4H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 139.3, 138.6, 129.8, 128.6, 125.3, 121.8, 

120.3, 82.8, 77.8, 74.2, 42.2, 30.8, 21.8, 21.4, 18.2, 14.5, 13.5. FT-IR: ν (cm-1) 3422, 2958, 2862, 

2244, 1445, 1083. HRMS [ESI] calcd for C17H21NONa [M+Na]+ 278.1515, found 278.1533. 
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1l: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 7.2, 

1.6 Hz, 1H), 7.30-7.25 (m, 1H), 7.24-7.18 (m, 2H), 4.09 (s, 

1H), 2.55 (s, 3H), 2.55-2.49 (m, 1H), 2.48-2.38 (m, 1H), 

2.31-2.22 (m, 2H), 2.19-2.12 (m, 2H), 1.52-1.34 (m, 4H), 0.91 

(t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 163.3, 135.0, 132.7, 128.9, 126.2, 125.5, 120.1, 

83.1, 78.0, 73.9, 39.1, 30.8, 21.9, 20.7, 18.3, 14.5, 13.5. FT-IR: ν (cm-1) 3411, 2958, 2861, 2241, 

1456, 1180. HRMS [ESI] calcd for C17H21NONa [M+Na]+ 278.1515, found 278.1525. 

 

1m: yellow solid, m.p. 35-36 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.78-7.73 (m, 1H), 7.43-7.39 (m, 1H), 7.37-7.29 (m, 2H), 

4.62-4.56 (m, 1H), 2.62-2.38 (m, 3H), 2.30-2.22 (m, 1H), 

2.20-2.10 (m, 2H), 1.52-1.34 (m, 4H), 0.91 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 135.5, 131.2, 130.9, 130.2, 127.2, 127.1, 119.0, 83.4(m), 78.1, 

72.2 (m), 40.0, 30.7, 21.9, 18.3, 14.2, 13.5. FT-IR: ν (cm-1) 3418, 2959, 2933, 2872, 2247, 1466, 

1094. HRMS [ESI] calcd for C16H18ClNONa [M+Na]+ 298.0969, found 298.0975. 

 

1n: yellow oil. 1H NMR (400 MHz, CDCl3) 7.70-7.63 (m, 

4H), 7.61-7.56 (m, 2H), 7.48-7.44 (m, 2H), 7.41-7.37 (m, 

1H), 4.17 (s, 1H), 2.59-2.53 (m, 1H), 2.46-2.36 (m, 1H), 

2.32-2.20 (m, 2H), 2.19-2.13 (m, 2H), 1.53-1.44 (m, 2H), 

1.43-1.36 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 141.9, 140.0, 138.3, 

128.8, 127.7, 127.4, 127.0, 125.2, 120.2, 83.0, 77.8, 74.2, 42.1, 30.8, 21.9, 18.3, 14.6, 13.5. FT-IR: 

ν (cm-1) 3423, 2958, 2931, 2872, 2250, 1487, 1075. HRMS [ESI] calcd for C22H23NONa [M+Na]+ 

340.1672, found 340.1662. 

 

1o: yellow oil. 1H NMR (400 MHz, CDCl3) 8.05 (d, J = 

1.2 Hz, 1H), 7.90-7.82 (m, 3H), 7.58 (dd, J = 8.8, 2.0 Hz 

1H), 7.56-7.51 (m, 2H), 4.18 (s, 1H), 2.62-2.50 (m, 1H), 

2.46-2.36 (m, 1H), 2.35-2.20 (m, 2H), 2.18-2.09 (m, 2H), 

1.50-1.34 (m, 4H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 136.5, 133.3, 132.8, 

128.9, 128.4, 127.6, 126.9, 126.8, 124.3, 122.1, 120.3, 83.2, 77.8, 74.6, 41.9, 30.8, 21.9, 18.3, 14.7, 

13.5. FT-IR: ν (cm-1) 2928, 2855, 2244, 1713, 1377, 1107. HRMS [ESI] calcd for C20H21NONa 

[M+Na]+ 314.1515, found 314.1517. 

 

1p: yellow solid, m.p. 64-65 oC. 1H NMR (400 MHz, 

CDCl3) δ 8.48 (d, J = 8.4 Hz, 1H), 7.92-7.82 (m, 3H), 

7.60-7.50 (m, 2H), 7.44 (t, J = 7.8 Hz, 1H), 4.30 (s, 1H), 

2.64-2.56 (m, 1H), 2.56-2.51 (m, 2H), 2.45-2.37 (m, 1H), 

2.17-2.09 (m, 2H), 1.50-1.34 (m, 4H), 0.92 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

134.5, 133.3, 130.4, 129.3, 129.0, 126.5, 125.9, 124.7, 124.4, 124.1, 120.4, 82.9, 77.9, 74.7, 39.9, 

30.7, 21.8, 18.3, 14.7, 13.5. FT-IR: ν (cm-1) 3404, 2956, 2855, 2239, 1386, 1102. HRMS [ESI] 

calcd for C20H21NONa [M+Na]+ 314.1515, found 314.1523. 
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1q: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.36 (dd, J = 4.8, 

1.2 Hz, 1H), 7.25 (dd, J = 3.6, 1.2 Hz, 1H), 7.02-7.00 (m, 1H), 

4.16 (s, 1H), 2.65-2.54 (m, 1H), 2.48-2.40 (m, 1H), 2.40-2.24 

(m, 2H), 2.19-2.12 (m, 2H), 1.51-1.34 (m, 4H), 0.91 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 143.4, 126.9, 126.7, 125.4, 119.4, 83.5, 77.5, 71.6, 42.1, 

30.8, 21.9, 18.3, 14.7, 13.5. FT-IR: ν (cm-1) 3419, 2958, 2862, 2361, 2249, 1649, 1082. HRMS 

[ESI] calcd for C14H17NOSNa [M+Na]+ 270.0932, found 270.0941. 

 

1r: yellow oil. 1H NMR (400 MHz, CDCl3) δ 3.76 (s, 1H), 

2.59-2.41 (m, 2H), 2.17-2.10 (m, 2H), 2.01-1.90 (m, 2H), 

1.90-1.78 (m, 4H), 1.72-1.64 (m, 1H), 1.62-1.53 (m, 1H), 

1.50-1.40 (m, 2H), 1.40-1.32 (m, 2H), 1.28-1.10 (m, 5H), 0.89 

(t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 120.3, 83.3, 78.3, 76.2, 46.3, 35.4, 30.7, 27.2, 

26.5, 25.9, 25.8, 25.7, 21.8, 18.2, 14.3, 13.5. FT-IR: ν (cm-1) 3449, 2931, 2857, 2238, 1694, 1507, 

1105. HRMS [ESI] calcd for C16H25NONa [M+Na]+ 270.1828, found 270.1824. 

 

1s: yellow oil. 1H NMR (400 MHz, CDCl3) δ 3.88 (s, 1H), 

2.59-2.48 (m, 1H), 2.48-2.38 (m, 1H), 2.17-2.09 (m, 2H), 

1.98-1.86 (m, 2H), 1.84-1.73 (m, 2H), 1.49-1.40 (m, 2H), 

1.40-1.31 (m, 2H), 1.09 (t, J = 7.6 Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 120.5, 83.2, 78.1, 73.2, 37.7, 33.7, 30.7, 21.8, 18.2, 14.2, 13.5, 8.1. FT-IR: ν (cm-1) 3442, 2959, 

2933, 2241, 1461, 1131. HRMS [ESI] calcd for C12H19NONa [M+Na]+ 216.1359, found 216.1360. 

 

1t: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.41-7.31 (m, 

5H), 3.62 (s, 1H), 3.09 (d, J = 14.0 Hz, 1H), 3.03 (d, J = 

14.0 Hz, 1H), 2.65-2.45 (m, 2H), 2.20-2.12 (m, 2H), 

2.04-1.94 (m, 2H), 1.52-1.44 (m, 2H), 1.43-1.35 (m, 2H), 

0.92 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 133.3, 130.5, 128.7, 127.8, 120.1, 83.2, 

78.0, 72.6, 46.6, 38.1, 30.8, 21.9, 18.3, 14.3, 13.5. FT-IR: ν (cm-1) 3362, 2960, 2931, 2245, 1680, 

1092. HRMS [ESI] calcd for C17H21NONa [M+Na]+ 278.1515, found 278.1522. 

 

1u: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.56-7.51 (m, 

2H), 7.43-7.34 (m, 3H), 4.19 (s, 1H), 2.52-2.42 (m, 1H), 

2.38-2.28 (m, 1H), 2.25-2.08 (m, 4H), 1.52-1.42 (m, 2H), 

1.41-1.25 (m, 14H), 0.89 (t, J = 6.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 139.4, 129.0, 128.7, 124.7, 120.2, 82.8, 77.8, 74.2, 42.2, 31.8, 29.5, 29.4, 29.2, 

29.0, 28.8, 28.7, 22.6, 18.6, 14.5, 14.0. FT-IR: ν (cm-1) 3422, 2925, 2854, 2364, 2245, 1603, 1450, 

1070. HRMS [ESI] calcd for C22H32NO [M+H]+ 326.2478, found 326.2450. 

 

1v: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.56-7.51 (m, 2H), 

7.44-7.34 (m, 3H), 4.27 (s, 1H), 2.56-2.46 (m, 1H), 2.42-2.27 (m, 

2H), 2.25-2.09 (m, 2H), 1.82-1.73 (m, 2H), 1.72-1.64 (m, 2H), 

1.57-1.46 (m, 1H), 1.44-1.34 (m, 2H), 1.32-1.22 (m, 3H); 13C 

NMR (100 MHz, CDCl3) δ 139.4, 129.0, 128.7, 124.7, 120.2, 
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87.3, 77.7, 74.3, 42.2, 32.7, 29.0, 25.7, 24.8, 14.5. FT-IR: ν (cm-1) 3422, 2930, 2854, 2246, 1448, 

1096. HRMS [ESI] calcd for C18H21NONa [M+Na]+ 290.1515, found 290.1525. 

 

1w: yellow oil. 1H NMR (400 MHz, CDCl3) δ 

7.59-7.52 (m, 2H), 7.49-7.35 (m, 3H), 4.06 (t, J = 6.4 

Hz, 2H), 4.02 (s, 1H), 2.62-2.46 (m, 1H), 2.42-2.32 

(m, 1H), 2.28-2.12 (m, 4H), 2.03 (s, 3H), 1.74-1.66 

(m, 2H), 1.58-1.49 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 171.3, 139.5, 129.2, 128.8, 124.8, 

120.3, 80.1, 78.5, 74.3, 64.0, 42.2, 27.7, 25.1, 21.0, 18.3, 14.6. FT-IR: ν (cm-1) 3415, 2938, 2867, 

2232, 1712, 1239. HRMS [ESI] calcd for C18H21NO3Na [M+Na]+ 322.1414, found 322.1409. 

 

1x: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.56-7.48 (m, 

2H), 7.45-7.34 (m, 3H), 3.97-3.90 (m, 1H), 3.61 (t, J = 6.4 

Hz, 2H), 2.50-2.38 (m, 1H), 2.37-2.26 (m, 3H), 2.25-2.10 (m, 

2H), 1.94-1.86 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 139.2, 

129.1, 128.8, 124.7, 120.2, 80.3, 78.9, 73.9, 43.6, 42.2, 31.3, 16.0, 14.3. FT-IR: ν (cm-1) 3416, 

2961, 2846, 2241, 1449, 1096. HRMS [ESI] calcd for C15H16ClNONa [M+Na]+ 284.0813, found 

384.0822. 

 

1y: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.56-7.49 (m, 

2H), 7.44-7.34 (m, 3H), 4.35-3.84 (m, 1H), 2.42 (t, J = 7.2 

Hz, 2H), 2.39-2.30 (m, 2H), 2.30-2.22 (m, 2H), 2.22-2.10 

(m, 2H), 1.82-1.70 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

139.3, 129.1, 128.7, 124.7, 120.3, 119.2, 79.9, 78.9, 73.5, 42.2, 24.4, 17.7, 15.9, 14.2. FT-IR: ν 

(cm-1) 3404, 2940, 2846, 2360, 2250, 1707, 1449, 1099. HRMS [ESI] calcd for C16H16N2ONa 

[M+Na]+ 275.1155, found 275.1156. 

 

3: red oil. 1H NMR (400 MHz, CDCl3) δ 7.59-7.58 (m, 2H), 

7.41-7.40 (m, 3H), 3.83 (s, 1H), 2.94-2.83 (m, 2H), 2.20-2.16 (m, 

2H), 1.58-1.49 (m, 2H), 0.97 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 138.1, 129.2, 128.6, 124.9, 120.1, 86.5, 73.0, 72.4, 

35.5, 21.9, 20.6, 13.3. FT-IR: ν (cm-1) 3402, 2962, 2933, 2873, 2239, 1430, 1063. HRMS [ESI] 

calcd for C14H15NONa [M+Na]+ 236.1046, found 236.1033 

 

5: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.57-7.50 (m, 

2H), 7.43-7.33 (m, 3H), 3.59 (s, 1H), 2.20-2.03 (m, 6H), 

1.75-1.62 (m, 1H), 1.58-1.48 (m, 1H), 1.46-1.32 (m, 4H), 

0.97 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

139.8, 129.0, 128.8, 124.8, 120.7, 81.4, 78.7, 74.4, 42.5, 31.0, 23.7, 21.8, 18.3, 13.5. FT-IR: ν 

(cm-1) 3419, 2957, 2932, 2871, 2247, 1450, 1099. HRMS [ESI] calcd for C17H21NONa [M+Na]+ 

278.1515, found 278.1523. 
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4. Characterization of products 

 

Yellow oil (2a: 2a’ = 3.0:1). 1H NMR (400 MHz, CDCl3) δ 7.99-7.94 (m, 2H, major/ minor), 

7.62-7.56 (m, 1H, major/ minor), 7.51-7.45 (m, 2H, major/ minor), 3.35 (t, J = 7.2 Hz, 2H, minor), 

3.29 (t, J = 7.2 Hz, 2H, major), 3.21 (t, J = 7.2 Hz, 2H, minor), 2.99 (t, J = 7.2 Hz, 2H, major), 

2.78 (t, J = 7.6 Hz, 2H, major), 2.58 (t, J = 7.6 Hz, 2H, minor), 1.68-1.55 (m, 2H, major/ minor), 

1.41-1.31 (m, 2H, major/ minor), 0.95 (t, J = 7.2 Hz, 3H, minor), 0.94 (t, J = 7.2 Hz, 3H, major); 

19F NMR (376 MHz, CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ 

(major) 197.2, 147.9 (q, JC-F = 1.4 Hz), 136.2, 133.5, 128.7, 128.5 (q, JC-F = 308.6 Hz), 128.0, 

121.4 (q, JC-F = 1.9 Hz), 116.3, 37.8 (q, JC-F = 0.9 Hz), 35.9, 30.3, 27.1, 21.9, 13.7; (minor) 197.2, 

144.0 (q, JC-F = 1.3 Hz), 136.2, 133.4, 128.7, 128.0, 125.6 (q, JC-F = 1.9 Hz), 116.3, 36.4, 32.8, 

32.6 (q, JC-F = 1.0 Hz), 30.0, 21.9, 13.7. FT-IR: ν (cm-1) 2961, 2865, 2215, 1687, 1449, 1101. 

HRMS [ESI] calcd for C17H19F3NOS [M+H]+ 342.1134, found 342.1130. 

 

 

Yellow oil (2b: 2b’ = 3.0:1). 1H NMR (400 MHz, CDCl3) δ 8.01-7.96 (m, 2H, major/ minor), 

7.18-7.11 (m, 2H, major/ minor), 3.33-3.28 (m, 2H, minor), 3.25 (t, J = 7.4 Hz, 2H, major), 3.20 (t, 

J = 7.2 Hz, 2H, minor), 2.97 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.6 Hz, 2H, major), 2.58 (t, J = 

7.6 Hz, 2H, minor), 1.66-1.53 (m, 2H, major/ minor), 1.39-1.30 (m, 2H, major/ minor), 0.94 (t, J = 

7.6 Hz, 3H, minor), 0.93 (t, J = 7.6 Hz, 3H, major); 19F NMR (376 MHz, CDCl3) δ -38.0 (s, 

major), -38.2 (s, minor), -104.3 (s, major), -104.5 (s, minor); 13C NMR (100 MHz, CDCl3) δ 

(major) 195.6, 166.0 (d, JC-F = 254.0 Hz), 148.0 (q, JC-F = 1.4 Hz), 128.5 (q, JC-F = 308.6 Hz), 

121.3 (q, JC-F = 1.8 Hz), 116.2, 115.9 (d, JC-F = 21.8 Hz), 132.6 (d, JC-F = 3.1 Hz), 130.7 (d, JC-F = 

9.3 Hz), 37.8 (q, JC-F = 0.8 Hz), 35.8, 30.3, 27.1, 21.9, 13.6; (minor) 195.5, 165.9 (d, JC-F = 253.8 

Hz), 143.8 (q, JC-F = 1.4 Hz), 132.6 (d, JC-F = 3.1 Hz), 130.7 (d, JC-F = 9.3 Hz), 128.4 (q, JC-F = 

308.9 Hz), 125.7 (q, JC-F = 1.6 Hz), 116.3, 115.8 (d, JC-F = 21.8 Hz), 36.3, 32.8, 32.5 (q, JC-F = 1.0 

Hz), 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2963, 2933, 2875, 2216, 1687, 1100. HRMS [ESI] calcd for 

C17H18F4NOS [M+H]+ 360.1040, found 360.1046. 
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White solid (2c: 2c’ = 3.0:1), m.p. 34-35 oC. 1H NMR (400 MHz, CDCl3) δ 7.92-7.87 (m, 2H, 

major/ minor), 7.47-7.42 (m, 2H, major/ minor), 3.32-3.28 (m, 2H, minor), 3.27-3.23 (m, 2H, 

major), 3.19 (t, J = 7.2 Hz, 2H, minor), 2.97 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.6 Hz, 2H, 

major), 2.57 (t, J = 7.6 Hz, 2H, minor), 1.68-1.52 (m, 2H, major/ minor), 1.40-1.30 (m, 2H, major/ 

minor), 0.94 (t, J = 7.2 Hz, 3H, minor), 0.93 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 MHz, 

CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 196.0, 148.0 (q, 

JC-F = 1.5 Hz), 140.0, 134.5, 129.4, 129.0, 128.5 (q, JC-F = 308.5 Hz), 121.2 (q, JC-F = 1.8 Hz), 

116.2, 37.8 (q, JC-F = 0.9 Hz), 35.9, 30.3, 27.0, 21.9, 13.6; (minor) 196.0, 143.7 (q, JC-F = 1.4 Hz), 

139.9, 134.5, 129.4, 129.0, 128.4 (q, JC-F = 309.0 Hz), 125.8 (q, JC-F = 1.7 Hz), 116.3, 36.3, 32.8, 

32.4 (q, JC-F = 0.9 Hz), 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2960, 2931, 2876, 2215, 1684, 1103. 

HRMS [ESI] calcd for C17H18ClF3NOS [M+H]+ 376.0744, found 376.0741. 

 

 

Yellow solid (2d: 2d’ = 3.0:1), m.p. 42-43 oC. 1H NMR (400 MHz, CDCl3) δ 7.85-7.79 (m, 2H, 

major/ minor), 7.65-7.59 (m, 2H, major/ minor), 3.32-3.27 (m, 2H, minor), 3.26-3.23 (m, 2H, 

major), 3.19 (t, J = 7.2 Hz, 2H, minor), 2.97 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.6 Hz, 2H, 

major), 2.58 (t, J = 7.6 Hz, 2H, minor), 1.68-1.53 (m, 2H, major/ minor), 1.40-1.31 (m, 2H, major/ 

minor), 0.94 (t, J = 7.2 Hz, 3H, minor), 0.93 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 MHz, 

CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 196.2, 148.1 (q, 

JC-F = 1.5 Hz), 134.9, 132.1, 129.5, 128.8, 128.5 (q, JC-F = 308.7 Hz), 121.2 (q, JC-F = 1.8 Hz), 

116.2, 37.9 (q, JC-F = 0.9 Hz), 35.9, 30.3, 27.0, 21.9, 13.6; (minor) 196.1, 143.7 (q, JC-F = 1.3 Hz), 

134.9, 132.0, 129.5, 128.7, 128.4 (q, JC-F = 308.9 Hz), 125.8 (q, JC-F = 1.7 Hz), 116.3, 36.3, 32.8, 

32.4 (q, JC-F = 0.7 Hz), 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2959, 2931, 2215, 1683, 1102. HRMS 

[ESI] calcd for C17H18BrF3NOS [M+H]+ 420.0239, found 420.0214. 

 

 

Yellow oil (2e: 2e’ = 3.0:1). 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.0 Hz, 2H, major/ minor), 

7.75 (d, J = 8.4 Hz, 2H, major/ minor), 3.39-3.34 (m, 2H, minor), 3.31 (t, J = 7.2 Hz, 2H, major), 

3.22 (t, J = 7.2 Hz, 2H, minor), 3.00 (t, J = 7.2 Hz, 2H, major), 2.79 (t, J = 7.2 Hz, 2H, major), 

2.59 (t, J = 7.6 Hz, 2H, minor), 1.68-1.55 (m, 2H, major/ minor), 1.41-1.31 (m, 2H, major/ minor), 

0.95 (t, J = 7.2 Hz, 3H, minor), 0.94 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 MHz, CDCl3) δ 
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-38.0 (s, major), -38.2 (s, minor), -63.2 (s, minor), -63.2 (s, major); 13C NMR (100 MHz, CDCl3) δ 

(major) 196.3, 148.2 (q, JC-F = 1.2 Hz), 138.8 (q, JC-F = 0.9 Hz), 134.8 (q, JC-F = 32.6 Hz), 128.3, 

128.5 (q, JC-F = 308.6 Hz), 125.8 (q, JC-F = 3.6 Hz), 123.5 (q, JC-F = 271.1 Hz), 121.1 (q, JC-F = 1.7 

Hz), 116.2, 37.9 (q, JC-F = 0.9 Hz), 36.2, 30.3, 26.9, 21.9, 13.6; (minor) 196.2, 143.5 (q, JC-F = 1.3 

Hz), 138.8 (q, JC-F = 1.0 Hz), 134.7 (q, JC-F = 32.5 Hz), 128.3, 128.4 (q, JC-F = 308.9 Hz), 126.0 (q, 

JC-F = 1.7 Hz), 123.5 (q, JC-F = 271.0 Hz), 116.3, 36.6, 32.8, 32.3 (q, JC-F = 0.9 Hz), 30.0, 21.9, 

13.6. FT-IR: ν (cm-1) 2964, 2935, 2876, 2216, 1694, 1442, 1100. HRMS [ESI] calcd for 

C18H18F6NOS [M+H]+ 410.1008, found 410.1003. 

 

 

Yellow solid (2f: 2f’ = 3.0:1), m.p. 34-35 oC. 1H NMR (400 MHz, CDCl3) δ 8.04-7.99 (m, 2H, 

major/ minor), 7.30 (d, J = 8.0 Hz, 2H, major/ minor), 3.33 (t, J = 7.6 Hz, 2H, minor), 3.27 (t, J = 

7.2 Hz, 2H, major), 3.21 (t, J = 7.2 Hz, 2H, minor), 2.98 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.6 

Hz, 2H, major), 2.58 (t, J = 7.6 Hz, 2H, minor), 1.68-1.55 (m, 2H, major/ minor), 1.41-1.30 (m, 

2H, major/ minor), 0.94 (t, J = 7.2 Hz, 3H, minor), 0.93 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 

MHz, CDCl3) δ -38.1 (s, major), -38.2 (s, minor), -57.7 (s, major/ minor); 13C NMR (100 MHz, 

CDCl3) δ (major) 195.7, 152.9 (q, JC-F = 1.6 Hz), 148.1 (q, JC-F = 1.4 Hz), 134.4, 130.1, 128.5 (q, 

JC-F = 309.2 Hz), 121.2 (q, JC-F = 1.8 Hz), 120.5, 120.2 (q, JC-F = 257.5 Hz), 116.2, 37.9 (q, JC-F = 

0.7 Hz), 35.9, 30.3, 27.0, 21.9, 13.6; (minor) 195.6, 152.8 (q, JC-F = 1.8 Hz), 143.7 (q, JC-F = 1.3 

Hz), 134.4, 130.1, 128.5 (q, JC-F = 309.2 Hz), 125.9 (q, JC-F = 1.6 Hz), 120.5, 120.2 (q, JC-F = 

257.5 Hz), 116.3, 36.4, 32.8, 32.4 (q, JC-F = 0.7 Hz), 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2963, 2934, 

2866, 2216, 1691, 1255, 1135. HRMS [ESI] calcd for C18H18F6NO2S [M+H]+ 426.0957, found 

426.0959. 

 

 

Yellow oil (2g: 2g’ = 2.1:1). 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.4 Hz, 2H, major/ minor), 

7.79 (d, J = 8.4 Hz, 2H, major/ minor), 3.36-3.33 (m, 2H, minor), 3.20 (t, J = 7.2 Hz, 2H, major), 

3.21 (t, J = 7.2 Hz, 2H, minor), 2.99 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.2 Hz, 2H, major), 

2.58 (t, J = 7.6 Hz, 2H, minor), 1.67-1.53 (m, 2H, major/ minor), 1.42-1.30 (m, 2H, major/ minor), 

0.94 (t, J = 7.2 Hz, 3H, minor), 0.93 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 MHz, CDCl3) δ 

-38.0 (s, major), -38.1 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 195.9, 148.4 (q, JC-F = 

1.4 Hz), 139.0, 132.6, 128.4, 128.4 (q, JC-F = 308.7 Hz), 120.9 (q, JC-F = 1.8 Hz), 117.7, 116.8, 

116.1, 37.9 (q, JC-F = 0.6 Hz), 36.3, 30.3, 26.8, 21.9, 13.6; (minor) 195.8, 143.3 (q, JC-F = 1.4 Hz), 

139.0, 132.6, 128.4, 128.3 (q, JC-F = 309.1 Hz), 126.1 (q, JC-F = 1.7 Hz), 117.7, 116.7, 116.2, 36.7, 

32.8, 32.2 (q, JC-F = 0.6 Hz), 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2968, 2902, 2228, 2215, 1695, 1106. 
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HRMS [ESI] calcd for C18H18F3N2OS [M+H]+ 367.1086, found 367.1077. 

 

 

Yellow oil (2h: 2h’ = 3.1:1). 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.0 Hz, 2H, major/ minor), 

7.27 (d, J = 7.2 Hz, 2H, major/ minor), 3.34-3.30 (m, 2H, minor), 3.26 (t, J = 7.2 Hz, 2H, major), 

3.20 (t, J = 7.2 Hz, 2H, minor), 2.97 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.2 Hz, 2H, major), 

2.58 (t, J = 7.6 Hz, 2H, minor), 2.41 (s, 3H, major/ minor), 1.68-1.55 (m, 2H, major/ minor), 

1.40-1.31 (m, 2H, major/ minor), 0.94 (t, J = 7.6 Hz, 3H, minor), 0.93 (t, J = 7.6 Hz, 3H, major); 

19F NMR (376 MHz, CDCl3) δ -38.1 (s, major), -38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ 

(major) 196.8, 147.8 (q, JC-F = 1.4 Hz), 144.4, 133.7, 129.4, 128.5 (q, JC-F = 308.5 Hz), 128.1, 

121.5 (q, JC-F = 1.8 Hz), 116.3, 37.8 (q, JC-F = 0.8 Hz), 35.8, 30.3, 27.2, 21.9, 21.6, 13.6; (minor) 

196.7, 144.2, 144.1 (q, JC-F = 1.4 Hz), 133.8, 129.3, 128.1 (q, JC-F = 308.7 Hz), 128.1, 125.5 (q, 

JC-F = 1.7 Hz), 116.3, 36.3, 32.8, 32.6 (q, JC-F = 0.8 Hz), 29.9, 21.9, 21.6, 13.6. FT-IR: ν (cm-1) 

2961, 2932, 2865, 2216, 1683, 1102. HRMS [ESI] calcd for C18H21F3NOS [M+H]+ 356.1290, 

found 356.1296. 

 

 

Yellow oil (2i: 2i’ = 3.2:1). 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.4 Hz, 2H, major/ minor), 

7.49 (d, J = 8.4 Hz, 2H, major/ minor), 3.35-3.30 (m, 2H, minor), 3.27 (t, 2H, J = 7.2 Hz, major), 

3.20 (t, 2H, J = 7.2 Hz, minor), 2.98 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.6 Hz, 2H, major), 

2.58 (t, J = 7.6 Hz, 2H, minor), 1.68-1.54 (m, 2H, major/ minor), 1.42-1.36 (m, 2H, major/ minor), 

1.34 (s, 9H, major/ minor), 0.95 (t, J = 7.2 Hz, 3H, minor), 0.94 (t, J = 7.2 Hz, 3H, major); 19F 

NMR (376 MHz, CDCl3) δ -38.1 (s, major), -38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ 

(major) 196.9, 157.3, 147.8 (q, JC-F = 1.4 Hz), 133.6, 128.5 (q, JC-F = 308.6 Hz), 128.0, 125.6, 

121.6 (q, JC-F = 1.8 Hz), 116.3, 37.8 (q, JC-F = 0.8 Hz), 35.8, 35.1, 31.0, 30.3, 27.2, 21.9, 13.6;     

(minor) 196.8, 157.2, 144.1 (q, JC-F = 1.4 Hz), 133.7, 128.0, 128.4 (q, JC-F = 308.8 Hz), 125.6, 

125.5 (q, JC-F = 1.8 Hz), 116.3, 36.3, 32.8, 32.6 (q, JC-F = 0.9 Hz), 31.0, 29.9, 27.2, 21.9, 13.6. 

FT-IR: ν (cm-1) 2963, 2873, 2215, 1683, 1364, 1102. HRMS [ESI] calcd for C21H27F3NOS 

[M+H]+ 398.1760, found 398.1769. 
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Yellow oil (2j: 2j’ = 3.2:1). 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 9.2 Hz, 2H, major/ minor), 

6.94 (d, J = 8.8 Hz, 2H, major/ minor), 3.87 (s, 3H, major/ minor), 3.31-3.26 (m, 2H, minor), 3.23 

(t, 2H, J = 7.2 Hz, major), 3.21-3.17 (m, 2H, minor), 2.96 (t, J = 7.2 Hz, 2H, major), 2.77 (t, J = 

7.6 Hz, 2H, major), 2.57 (t, J = 7.6 Hz, 2H, minor), 1.67-1.54 (m, 2H, major/ minor), 1.40-1.30 (m, 

2H, major/ minor), 0.94 (t, J = 7.2 Hz, 3H, minor), 0.93 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 

MHz, CDCl3) δ -38.1 (s, major), -38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 195.7, 

163.8, 147.8 (q, JC-F = 1.4 Hz), 130.3, 129.3, 128.5 (q, JC-F = 308.5 Hz), 121.6 (q, JC-F = 1.8 Hz), 

116.3, 113.8, 55.5, 37.8 (q, JC-F = 0.9 Hz), 35.5, 30.3, 27.3, 21.9, 13.6; (minor) 195.6, 163.7, 144.2 

(q, JC-F = 1.5 Hz), 130.3, 129.3, 128.4 (q, JC-F = 308.7 Hz), 125.5 (q, JC-F = 1.7 Hz), 116.3, 113.8, 

55.5, 36.1, 32.8, 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2961, 2934, 2875, 2215, 1677, 1442, 1100. 

HRMS [ESI] calcd for C18H21F3NO2S [M+H]+ 372.1240, found 372.1250. 

 

 

Yellow oil (2k: 2k’ = 3.2:1). 1H NMR (400 MHz, CDCl3) δ 7.79-7.73 (m, 2H, major/ minor), 

7.42-7.33 (m, 2H, major/ minor), 3.35-3.30 (m, 2H, minor), 3.27 (t, J = 7.2 Hz, 2H, major), 3.20 (t, 

J = 7.2 Hz, 2H, minor), 2.97 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 7.6 Hz, 2H, major), 2.58 (t, J = 

7.6 Hz, 2H, minor), 2.42 (s, 3H, major/ minor), 1.68-1.54 (m, 2H, major/ minor), 1.41-1.31 (m, 2H, 

major/ minor), 0.95 (t, J = 7.2 Hz, 3H, minor), 0.94 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 

MHz, CDCl3) δ -38.1 (s, major), -38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 197.4, 

147.8 (q, JC-F = 1.4 Hz), 138.5, 136.2, 134.3, 128.6, 128.5, 128.5 (q, JC-F = 308.6 Hz), 125.2, 121.5 

(q, JC-F = 1.7 Hz), 116.3, 37.8 (q, JC-F = 0.9 Hz), 35.9, 30.3, 27.2, 21.9, 21.3, 13.6; (minor) 197.3, 

144.1 (q, JC-F = 1.4 Hz), 138.5, 136.3, 134.2, 128.5, 128.5, 128.4 (q, JC-F = 308.7 Hz), 125.6 (q, 

JC-F = 1.7 Hz), 125.2, 116.3, 36.4, 32.8, 32.6 (q, JC-F = 0.9 Hz), 29.9, 21.9, 21.3, 13.6. FT-IR: ν 

(cm-1) 2961, 2932, 2865, 2216, 1686, 1440, 1102. HRMS [ESI] calcd for C18H21F3NOS [M+H]+ 

356.1290, found 356.1291. 

 

 

Yellow oil (2l: 2l’ = 4.4:1). 1H NMR (400 MHz, CDCl3) δ 7.70-7.66 (m, 1H, major/ minor), 

7.43-7.36 (m, 1H, major/ minor), 7.31-7.24 (m, 2H, major/ minor), 3.29-3.25 (m, 2H, minor), 3.22 

(t, J = 7.2 Hz, 2H, major), 3.20-3.17 (m, 2H, minor), 2.96 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J = 

7.6 Hz, 2H, major), 2.58 (t, J = 7.6 Hz, 2H, minor), 2.51 (s, 3H, major/ minor), 1.68-1.54 (m, 2H, 

major/ minor), 1.42-1.32 (m, 2H, major/ minor), 0.94 (t, J = 7.6 Hz, 3H, major/ minor); 19F NMR 

(376 MHz, CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 

200.7, 147.8 (q, JC-F = 1.4 Hz), 138.5, 136.7, 132.2, 131.8, 128.6, 128.6 (q, JC-F = 308.6 Hz), 125.8, 
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121.6 (q, JC-F = 1.7 Hz), 116.3, 38.5, 37.8 (q, JC-F = 0.8 Hz), 30.3, 27.3, 21.9, 21.4, 13.6; (minor) 

200.7, 144.2 (q, JC-F = 1.4 Hz), 138.5, 136.8, 132.2, 131.7, 128.5, 128.4 (q, JC-F = 308.9 Hz), 125.8, 

125.4 (q, JC-F = 1.7 Hz), 116.3, 39.0, 32.7, 30.0, 21.9, 21.4, 13.6. FT-IR: ν (cm-1) 2962, 2932, 2875, 

2215, 1686, 1487, 1100. HRMS [ESI] calcd for C18H21F3NOS [M+H]+ 356.1290, found 356.1297. 

 

 

Yellow oil (2m: 2m’ = 6.1:1). 1H NMR (400 MHz, CDCl3) δ 7.53-7.48 (m, 1H, major/ minor), 

7.45-7.38 (m, 2H, major/ minor), 7.37-7.31 (m, 1H, major/ minor), 3.32 (t, J = 7.2 Hz, 2H, minor), 

3.27 (t, J = 7.2 Hz, 2H, major), 3.20 (t, J = 7.2 Hz, 2H, minor), 2.98 (t, J = 7.2 Hz, 2H, major), 

2.78 (t, J = 7.6 Hz, 2H, major), 2.57 (t, J = 7.6 Hz, 2H, minor), 1.68-1.54 (m, 2H, major/ minor), 

1.41-1.321 (m, 2H, major/ minor), 0.94 (t, J = 7.2 Hz, 3H, major/ minor); 19F NMR (376 MHz, 

CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 200.2, 148.1 (q, 

JC-F = 1.4 Hz), 138.3, 132.2, 131.0, 130.7, 129.1, 128.5 (q, JC-F = 308.6 Hz), 127.1, 121.1 (q, JC-F = 

1.7 Hz), 116.2, 40.2, 37.9 (q, JC-F = 0.8 Hz), 30.3, 27.2, 21.9, 13.7; (minor) 200.2, 143.6 (q, JC-F = 

1.3 Hz), 138.5, 132.1, 131.0, 130.6, 129.1, 128.4 (q, JC-F = 309.0 Hz), 127.1, 125.8 (q, JC-F = 1.7 

Hz), 116.2, 40.6, 32.8, 32.6 (q, JC-F = 1.1 Hz), 29.9, 21.9, 13.7. FT-IR: ν (cm-1) 2961, 2932, 2875, 

2215, 1700, 1433, 1100. HRMS [ESI] calcd for C17H18ClF3NOS [M+H]+ 376.0744, found 

376.0741. 

 

 

Yellow oil (2n: 2n’ = 3.2:1). 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.4 Hz, 2H, major/ minor), 

7.71 (d, J = 8.4 Hz, 2H, major/ minor), 7.63 (d, J = 7.6 Hz, 2H, major/ minor), 7.50-7.46 (m, 2H, 

major/ minor), 7.41 (t, J = 7.2 Hz, 1H, major/ minor), 3.41-3.36 (m, 2H, minor), 3.33 (t, J = 7.2 

Hz, 2H, major), 3.24 (t, J = 7.2 Hz, 2H, minor), 3.02 (t, J = 7.2 Hz, 2H, major), 2.80 (t, J = 7.6 Hz, 

2H, major), 2.60 (t, J = 7.6 Hz, 2H, minor), 1.70-1.55 (m, 2H, major/ minor), 1.42-1.32 (m, 2H, 

major/ minor), 0.96 (t, J = 7.2 Hz, 3H, minor), 0.95 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 

MHz, CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 196.8, 

147.9 (q, JC-F = 1.5 Hz), 146.2, 139.7, 134.9, 128.9, 128.6, 128.5 (q, JC-F = 308.5 Hz), 128.3, 127.3, 

127.2, 121.5 (q, JC-F = 1.8 Hz), 116.3, 37.8 (q, JC-F = 0.7 Hz), 35.9, 30.3, 27.2, 21.9, 13.7;    

(minor) 196.7, 146.1, 144.0 (q, JC-F = 1.4 Hz), 139.7, 134.9, 128.9, 128.6, 128.4 (q, JC-F = 308.9 

Hz), 128.3, 127.3, 127.2, 125.7 (q, JC-F = 1.8 Hz), 116.3, 36.4, 32.8, 32.6 (q, JC-F = 0.7 Hz), 30.0, 

21.9, 13.7. FT-IR: ν (cm-1) 2967, 2928, 2216, 1678, 1404, 1076. HRMS [ESI] calcd for 

C23H23F3NOS [M+H]+ 418.1447, found 418.1457. 
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Yellow solid (2o: 2o’ = 3.0:1), m.p. 49-50 oC. 1H NMR (400 MHz, CDCl3) δ 8.49 (s, 1H, major/ 

minor), 8.04-8.01 (m, 1H, major/ minor), 7.98 (d, J = 8.0 Hz, 1H, major/ minor), 7.93-7.87 (m, 2H, 

major/ minor), 7.65-7.54 (m, 2H, major/ minor), 3.48 (t, J = 7.2 Hz, 2H, minor), 3.43 (t, J = 7.2 

Hz, 2H, major), 3.28 (t, J = 7.2 Hz, 2H, minor), 3.05 (t, J = 7.2 Hz, 2H, major), 2.80 (t, J = 7.6 Hz, 

2H, major), 2.60 (t, J = 7.6 Hz, 2H, minor), 1.69-1.55 (m, 2H, major/ minor), 1.45-1.31 (m, 2H, 

major/ minor), 0.96 (t, J = 7.2 Hz, 3H, minor), 0.94 (t, J = 7.2 Hz, 3H, major); 19F NMR (376 

MHz, CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 197.2, 

148.0 (q, JC-F = 1.4 Hz), 135.8, 133.5, 132.5, 129.8, 129.6, 128.7, 128.6, 128.6 (q, JC-F = 308.6 Hz), 

127.8, 126.9, 123.6, 121.5 (q, JC-F = 1.8 Hz), 116.4, 37.9 (q, JC-F = 0.8 Hz), 36.0, 30.3, 27.3, 21.9, 

13.7; (minor) 197.1, 144.1 (q, JC-F = 1.3 Hz), 135.7, 133.6, 132.5, 129.8, 129.6, 128.7, 128.6, 

127.8, 126.9, 125.7 (q, JC-F = 1.5 Hz), 123.6, 116.4, 36.5, 32.8, 32.8 (q, JC-F = 0.8 Hz), 30.0, 21.9, 

13.7. FT-IR: ν (cm-1) 2967, 2931, 2881, 2210, 1678, 1106. HRMS [ESI] calcd for C21H21F3NOS 

[M+H]+ 392.1290, found 392.1299. 

 

 

Yellow oil (2p: 2p’ = 4.7:1). 1H NMR (400 MHz, CDCl3) δ 8.64 (d, J = 8.4 Hz, 1H, major/ minor), 

8.02 (d, J = 8.0 Hz, 1H, major/ minor), 7.94-7.91 (m, 1H, major/ minor), 7.89 (d, J = 8.4 Hz, 1H, 

major/ minor), 7.64-7.59 (m, 1H, major/ minor), 7.58-7.49 (m, 2H, major/ minor), 3.46-3.42 (m, 

2H, minor), 3.39 (t, J = 7.2 Hz, 2H, major), 3.29 (t, J = 7.2 Hz, 2H, minor), 3.06 (t, J = 7.2 Hz, 2H, 

major), 2.80 (t, J = 7.6 Hz, 2H, major), 2.58 (t, J = 7.6 Hz, 2H, minor), 1.68-1.54 (m, 2H, major/ 

minor), 1.43-1.32 (m, 2H, major/ minor), 0.95 (t, J = 7.2 Hz, 3H, minor), 0.94 (t, J = 7.2 Hz, 3H, 

major); 19F NMR (376 MHz, CDCl3) δ -38.0 (s, major), -38.2 (s, minor); 13C NMR (100 MHz, 

CDCl3) δ (major) 201.0, 148.0 (q, JC-F = 1.4 Hz), 134.7, 134.0, 133.3, 130.0, 128.6 (q, JC-F = 308.6 

Hz), 128.5, 128.2, 128.0, 126.6, 125.6, 124.3, 121.5 (q, JC-F = 1.8 Hz), 116.3, 39.0, 37.9 (q, JC-F = 

0.7 Hz), 30.3, 27.5, 21.9, 13.7; (minor) 201.0, 144.0 (q, JC-F = 1.4 Hz), 134.8, 134.0, 133.2, 130.1, 

128.4, 128.2, 127.9, 126.6, 125.7, 124.3, 116.3, 39.5, 37.8, 33.0 (q, JC-F = 0.7 Hz), 30.0, 21.9, 13.7. 

FT-IR: ν (cm-1) 3052, 2961, 2932, 2874, 2215, 1681, 1097. HRMS [ESI] calcd for C21H21F3NOS 

[M+H]+ 392.1290, found 392.1296. 

 

 

Yellow oil (2q: 2q’ = 2.5:1). 1H NMR (400 MHz, CDCl3) δ 7.77-7.73 (m, 1H, major/ minor), 
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7.68-7.65 (m, 1H, major/ minor), 7.17-7.13 (m, 1H, major/ minor), 3.30-3.26 (m, 2H, minor), 

3.24-3.21 (m, 2H, major), 3.20-3.18 (m, 2H, minor), 2.98 (t, J = 7.6 Hz, 2H, major), 2.77 (t, J = 

7.6 Hz, 2H, major), 2.57 (t, J = 7.6 Hz, 2H, minor), 1.66-1.52 (m, 2H, major/ minor), 1.40-1.28 (m, 

2H, major/ minor), 0.97-0.91 (m, 3H, major/ minor); 19F NMR (376 MHz, CDCl3) δ -38.0 (s, 

major), -38.2 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 190.1, 148.2 (q, JC-F = 1.3 Hz), 

143.3, 134.2, 132.2, 128.5 (q, JC-F = 308.5 Hz), 128.2, 121.1 (q, JC-F = 1.8 Hz), 116.2, 37.8 (d, JC-F 

= 0.9 Hz), 36.4, 30.3, 27.3, 21.9, 13.6; (minor) 190.0, 143.6 (q, JC-F = 1.4 Hz), 143.3, 134.1, 132.1, 

128.4 (q, JC-F = 308.8 Hz), 128.2, 125.9 (q, JC-F = 1.8 Hz), 116.2, 36.9, 32.8, 32.8 (q, JC-F = 0.9 

Hz), 29.9, 21.9, 13.6. FT-IR: ν (cm-1) 2961, 2874, 2216, 1665, 1415, 1101. HRMS [ESI] calcd for 

C15H17F3NOS2 [M+H]+ 348.0698, found 348.0699. 

 

 

Yellow oil (2r: 2r’ = 5.8:1). 1H NMR (400 MHz, CDCl3) δ 3.00 (t, J = 7.2 Hz, 2H, minor), 

2.82-2.71 (m, 6H, major & 2H, minor, overlap), 2.54 (t, J = 7.6 Hz, 2H, minor), 2.40-2.31 (m, 1H, 

major/ minor), 1.88-1.74 (m, 4H, major/ minor), 1.71-1.51 (m, 3H, major/ minor), 1.40-1.15 (m, 

7H, major/ minor), 0.94 (t, J = 7.6 Hz, 3H, major/ minor); 19F NMR (376 MHz, CDCl3) δ -38.1 (s, 

major), -38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 211.2, 147.6 (q, JC-F = 1.4 Hz), 

128.5 (q, JC-F = 308.5 Hz), 121.5 (q, JC-F = 1.7 Hz), 116.2, 50.7, 37.8 (q, JC-F = 1.1 Hz), 37.6, 32.7, 

30.3, 28.4, 26.7, 25.7, 25.5, 21.8, 13.6; (minor) 211.0, 144.3 (q, JC-F = 1.4 Hz), 125.1 (q, JC-F = 1.7 

Hz), 116.3, 50.7, 38.1, 32.6, 32.2 (q, JC-F = 1.1 Hz), 29.9, 28.7, 25.7, 25.6, 21.9, 13.6. FT-IR: ν 

(cm-1) 2931, 2857, 2215, 1710, 1450, 1102. HRMS [ESI] calcd for C17H25F3NOS [M+H]+ 

348.1603, found 348.1604. 

 

 

Yellow oil (2s: 2s’ = 5.2:1). 1H NMR (400 MHz, CDCl3) δ 3.05-3.00 (m, 2H, minor), 2.84-2.68 (m, 

6H, major & 1H, minor, overlap), 2.65-2.51 (m, 3H, minor), 2.50-2.42 (m, 2H, major/ minor), 

1.66-1.51 (m, 2H, major/ minor), 1.40-1.29 (m, 2H, major/ minor), 1.07 (t, J = 7.6 Hz, 3H, major/ 

minor), 0.93 (t, J = 7.6 Hz, 3H, major/ minor); 19F NMR (376 MHz, CDCl3) δ -38.1 (s, major), 

-38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 208.5, 147.7 (q, JC-F = 1.4 Hz), 128.5 (q, 

JC-F = 308.5 Hz), 121.4 (q, JC-F = 1.8 Hz), 116.2, 39.2, 37.8 (q, JC-F = 0.6 Hz), 36.0, 30.3, 26.7, 

21.9, 13.6, 7.7; (minor) 208.3, 144.0 (q, JC-F = 1.3 Hz), 128.4 (q, JC-F = 308.5 Hz), 125.3 (q, JC-F = 

1.6 Hz), 116.3, 39.8, 35.8, 32.7, 32.2 (q, JC-F = 1.1 Hz), 29.9, 21.9, 13.6, 7.7. FT-IR: ν (cm-1) 2963, 

2937, 2877, 2215, 1718, 1100. HRMS [ESI] calcd for C13H19F3NOS [M+H]+ 294.1134, found 

294.1144. 
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Yellow oil (2t: 2t’ = 5.4:1). 1H NMR (400 MHz, CDCl3) δ 7.38-7.32 (m, 2H, major/ minor), 

7.31-7.28 (m, 1H, major/ minor), 7.23-7.18 (m, 2H, major/ minor), 3.72 (s, 2H, major/ minor), 

3.00 (t, J = 7.6 Hz, 2H, minor), 2.80 (t, J = 7.6 Hz, 2H, minor), 2.78-2.70 (m, 6H, major), 2.52 (t, 

J = 7.6 Hz, 2H, minor), 1.64-1.50 (m, 2H, major/ minor), 1.38-1.29 (m, 2H, major/ minor), 0.93 (t, 

J = 7.6 Hz, 3H, major/ minor); 19F NMR (376 MHz, CDCl3) δ -38.1 (s, major), -38.4 (s, minor); 

13C NMR (100 MHz, CDCl3) δ (major) 205.5, 147.8 (q, JC-F = 1.3 Hz), 133.5, 129.3, 128.9, 128.5 

(q, JC-F = 308.6 Hz), 127.3, 121.2 (q, JC-F = 1.8 Hz), 116.1, 50.1, 38.9, 37.8 (q, JC-F = 1.2 Hz), 30.3, 

26.7, 21.9, 13.7; (minor) 205.3, 143.6 (q, JC-F = 1.9 Hz), 133.6, 129.4, 128.8, 127.2, 125.6 (q, JC-F 

= 1.8 Hz), 116.2, 50.0, 39.3, 32.7, 32.1 (q, JC-F = 0.9 Hz), 29.9, 21.9, 13.7. FT-IR: ν (cm-1) 2961, 

2933, 2875, 2216, 1717, 1131, 1100. HRMS [ESI] calcd for C18H21F3NOS [M+H]+ 356.1290, 

found 356.1299. 

 

 

Yellow oil (2u: 2u’ = 3.1:1). 1H NMR (400 MHz, CDCl3) δ 7.98-7.94 (m, 2H, major/ minor), 

7.62-7.56 (m, 1H, major/ minor), 7.48 (t, J = 7.6 Hz, 2H, major/ minor), 3.37-3.32 (m, 2H, minor), 

3.29 (t, J = 7.2 Hz, 2H, major), 3.24-3.18 (m, 2H, minor), 2.99 (t, J = 7.2 Hz, 2H, major), 2.78 (t, J 

= 7.6 Hz, 2H, major), 2.57 (t, J = 7.6 Hz, 2H, minor), 1.70-1.20 (m, 16H, major/ minor), 0.92-0.85 

(m, 3H, major/ minor); 19F NMR (376 MHz, CDCl3) δ -38.1 (s, major), -38.2 (s, minor); 13C NMR 

(100 MHz, CDCl3) δ (major) 197.2, 148.0 (q, JC-F = 1.4 Hz), 136.2, 133.5, 128.7, 128.0, 128.5 (q, 

JC-F = 308.5 Hz), 121.5 (q, JC-F = 1.7 Hz), 116.3, 38.1 (q, JC-F = 0.8 Hz), 35.9, 31.8, 29.5, 29.4, 

29.3, 29.2, 28.7, 28.2, 27.1, 22.6, 14.1; (minor) 197.1, 144.0 (q, JC-F = 1.3 Hz), 136.2, 133.4, 128.7, 

128.0, 128.4 (q, JC-F = 308.8 Hz), 125.7 (q, JC-F = 1.8 Hz), 116.3, 36.4, 33.0, 32.6, 29.5, 29.4, 29.3, 

29.2, 28.7, 27.9, 27.1, 22.6, 14.1. FT-IR: ν (cm-1) 2926, 2855, 2215, 1687, 1449, 1104. HRMS 

[ESI] calcd for C23H31F3NOS [M+H]+ 426.2073, found 426.2068. 

 

 

Yellow oil (2v: 2v’ = 8.2:1). 1H NMR (400 MHz, CDCl3) δ (major) 7.99-7.94 (m, 2H), 7.61-7.56 

(m, 1H), 7.51-7.45 (m, 2H), 3.33-3.27 (m, 2H), 3.12-3.08 (m, 2H), 1.86-1.79 (m, 2H), 1.75-1.68 

(m, 1H), 1.67-1.61 (m, 2H), 1.60-1.48 (m, 2H), 1.43-1.32 (m, 2H), 1.29-1.14 (m, 2H); 19F NMR 

(376 MHz, CDCl3) δ -37.4 (s, major), -38.3 (s, minor); 13C NMR (100 MHz, CDCl3) δ (major) 

197.1, 150.8 (q, JC-F = 1.0 Hz), 136.2, 133.4, 128.7, 128.6 (q, JC-F = 308.8 Hz), 128.0, 125.3 (q, 
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JC-F = 1.1 Hz), 116.2, 41.4, 35.9, 30.5, 27.9 (q, JC-F = 0.7 Hz), 25.6, 25.2; (minor) 197.2, 142.2 (q, 

JC-F = 1.3 Hz), 136.3, 133.4, 131.4 (q, JC-F = 1.7 Hz), 128.7, 128.5 (q, JC-F = 308.9 Hz), 128.0, 

115.4, 47.8, 36.5, 32.6 (q, JC-F = 0.5 Hz), 30.9, 25.5, 25.1. FT-IR: ν (cm-1) 2933, 2856, 2215, 1687, 

1449. 1091. HRMS [ESI] calcd for C19H21F3NOS [M+H]+ 368.1290, found 368.1293. 

 

2w: yellow oil. 1H NMR (400 MHz, CDCl3) δ 

7.98-7.94 (m, 2H), 7.59 (dd, J = 7.6, 7.6 Hz, 1H), 

7.48 (dd, J = 7.6, 7.6 Hz, 2H), 4.08 (t, J = 6.0 Hz, 2H), 

3.30 (t, J = 7.2 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 2.82 

(t, J = 7.2 Hz, 2H), 2.04 (s, 3H), 1.78-1.60 (m, 4H); 19F NMR (376 MHz, CDCl3) δ -38.0 (s); 13C 

NMR (100 MHz, CDCl3) δ 197.2, 171.0, 147.1 (q, JC-F = 1.4 Hz), 136.1, 133.6, 128.7, 128.5 (q, 

JC-F = 308.6 Hz), 128.0, 122.2 (q, JC-F = 1.8 Hz), 116.2, 63.7, 37.6 (q, JC-F = 0.9 Hz), 35.8, 27.6, 

27.2, 24.7, 20.9. FT-IR: ν (cm-1) 2918, 2850, 2248, 2215, 1737, 1686, 1099. HRMS [ESI] calcd 

for C19H20F3NO3SNa [M+Na]+ 422.1008, found 422.0993. 

 

2w’: yellow oil. 1H NMR (400 MHz, CDCl3) δ 

7.99-7.95 (m, 2H), 7.62-7.56 (m, 1H), 7.52-7.46 (m, 

2H), 4.13-4.06 (m, 2H), 3.39-3.33 (m, 2H), 3.22 (t, J 

= 7.2 Hz, 2H), 2.65-2.59 (m, 2H), 2.06 (s, 3H), 

1.73-1.65 (m, 4H); 19F NMR (376 MHz, CDCl3) δ -38.2 (s); 13C NMR (100 MHz, CDCl3) δ 197.1, 

171.1, 144.7 (q, JC-F = 1.4 Hz), 136.2, 133.5, 128.7, 128.4 (q, JC-F = 309.0 Hz), 128.0, 125.1 (q, 

JC-F = 1.7 Hz), 116.1, 63.6, 36.3, 32.7 (q, JC-F = 0.8 Hz), 32.6, 27.7, 24.4, 20.9. FT-IR: ν (cm-1) 

2934, 2870, 2216, 1736, 1686, 1103. HRMS [ESI] calcd for C19H20F3NO3SNa [M+Na]+ 422.1008, 

found 422.0996. 

 

 

Yellow oil (2x: 2x’ = 3.0:1). 1H NMR (400 MHz, CDCl3) δ 7.99-7.92 (m, 2H, major/ minor), 

7.62-7.56 (m, 1H, major/ minor), 7.51-7.45 (m, 2H, major/ minor), 3.60-3.54 (m, 2H, major/ 

minor), 3.37 (t, J = 7.2 Hz, 2H, minor), 3.31 (t, J = 7.2 Hz, 2H, major), 3.22 (t, J = 7.2 Hz, 2H, 

minor), 3.01 (t, J = 7.2 Hz, 2H, major), 2.96 (t, J = 7.2 Hz, 2H, major), 2.79 (t, J = 7.2 Hz, 2H, 

minor), 2.18-2.04 (m, 2H, major/ minor); 19F NMR (376 MHz, CDCl3) δ -38.0 (s, major), -38.1 (s, 

minor); 13C NMR (100 MHz, CDCl3) δ (major) 197.2, 145.8 (q, JC-F = 1.4 Hz), 136.1, 133.6, 128.7, 

128.0, 128.4 (q, JC-F = 308.9 Hz), 123.2 (q, JC-F = 1.7 Hz), 115.9, 43.3, 35.7, 35.5 (q, JC-F = 0.9 

Hz), 30.7, 27.3; (minor) 197.1, 145.6 (q, JC-F = 1.4 Hz), 136.1, 133.5, 128.7, 128.0, 128.3 (q, JC-F 

= 309.0 Hz), 123.9 (q, JC-F = 1.6 Hz), 116.0, 43.2, 36.7, 32.6 (q, JC-F = 0.7 Hz), 30.3, 30.2. FT-IR: 

ν (cm-1) 2920, 2851, 2244, 1672, 1104. HRMS [ESI] calcd for C16H16ClF3NOS [M+H]+ 362.0588, 

found 362.0591. 

 

2y: yellow solid, m.p. 37-38 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.98-7.93 (m, 2H), 7.63-7.57 (m, 1H), 7.49 (dd, J = 7.6, 
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7.6 Hz, 2H), 3.34 (t, J = 7.2 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H), 2.94 (t, J = 7.2 Hz, 2H), 2.41 (t, J = 

7.2 Hz, 2H), 2.11-2.01 (m, 2H); 19F NMR (376 MHz, CDCl3) δ -38.0 (s); 13C NMR (100 MHz, 

CDCl3) δ 197.3, 144.8 (q, JC-F = 1.5 Hz), 136.0, 133.7, 128.8, 128.4 (q, JC-F = 308.9 Hz), 128.0, 

124.0 (q, JC-F = 1.8 Hz), 118.5, 115.8, 36.8 (q, JC-F = 0.9 Hz), 35.5, 27.3, 23.8, 16.3. FT-IR: ν (cm-1) 

2961, 2875, 2248, 2215, 1686, 1457, 1101. HRMS [ESI] calcd for C17H16F3N2OS [M+H]+ 

353.0930, found 353.0937. 

 

2y’: yellow solid, m.p. 37-38 oC. 1H NMR (400 MHz, 

CDCl3) 1H NMR (400 MHz, CDCl3) δ 7.98-7.94 (m, 2H), 

7.63-7.57 (m, 1H), 7.49 (t, J = 7.6 Hz, 2H), 3.39 (t, J = 7.2 

Hz, 2H), 3.24 (t, J = 7.2 Hz, 2H), 2.79 (t, J = 7.6 Hz, 2H), 

2.46 (t, J = 7.2 Hz, 2H), 2.05-1.95 (m, 2H); 19F NMR (376 MHz, CDCl3) δ -38.1 (s); 13C NMR 

(100 MHz, CDCl3) δ 197.2, 146.6 (q, JC-F = 1.4 Hz), 136.1, 133.6, 128.8, 128.3 (q, JC-F = 309.0 

Hz), 128.0, 123.2 (q, JC-F = 1.6 Hz), 118.4, 115.8, 36.0, 32.8 (q, JC-F = 0.4 Hz), 31.6, 23.6, 16.3. 

FT-IR: ν (cm-1) 2971, 2902, 2250, 2216, 1680, 1094. HRMS [ESI] calcd for C17H16F3N2OS 

[M+H]+ 353.0930, found 353.0936. 

 

4: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.98-7.95 (m, 2H), 

7.65-7.61 (m, 1H), 7.51 (dd, J = 7.6, 7.6 Hz, 2H), 4.53 (s, 2H), 2.68 

(t, J = 7.6 Hz, 2H), 1.76-1.66 (m, 2H), 1.04 (t, J = 7.6 Hz, 3H); 19F 

NMR (376 MHz, CDCl3) δ -38.8 (s); 13C NMR (100 MHz, CDCl3) δ 

193.3, 137.7 (q, JC-F = 1.8 Hz), 135.7, 134.0, 129.9 (q, JC-F = 1.5 Hz), 128.9, 128.8 (q, JC-F = 308.5 

Hz), 128.1, 116.2, 47.5, 34.9, 21.3, 13.2. FT-IR: ν (cm-1) 2966, 2935, 2877, 2219, 1688, 1450, 

1104. HRMS [ESI] calcd for C15H14F3NOSNa [M+Na]+ 336.0640, found 336.0649 

 

6: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.39-7.35 (m, 

4H), 7.34-7.31 (m, 1H), 5.37 (d, J = 1.2 Hz, 1H), 5.14 (d, J 

= 1.2 Hz, 1H), 2.88-2.81 (m, 4H), 2.73 (t, J = 7.2 Hz, 2H), 

2.39 (t, J = 7.2 Hz, 2H), 1.98-1.89 (m, 2H); 19F NMR (376 

MHz, CDCl3) δ -38.0 (s); 13C NMR (100 MHz, CDCl3) δ 145.5, 144.3 (q, JC-F = 1.6 Hz), 139.4, 

128.6, 128.1, 126.0, 124.7 (q, JC-F = 1.6 Hz), 118.4, 116.0, 114.6, 36.8 (q, JC-F = 1.0 Hz), 33.1, 

31.9, 24.0, 16.5. FT-IR: ν (cm-1) 2997, 2260, 2248, 1682, 1448, 1108. HRMS [ESI] calcd for 

C18H17F3N2SNa [M+Na]+ 373.0957, found 373.0969. 

 

7: yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.43-7.33 (m, 

3H), 7.31-7.27 (m, 2H), 5.51 (dd, J = 8.0, 6.0 Hz, 1H), 

3.14-3.05 (m, 1H), 3.03-2.92 (m, 1H), 2.62-2.52 (m, 1H), 

2.45-2.36 (m, 4H), 2.17-2.06 (m, 1H), 1.95-1.86 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 172.3, 138.9, 128.8, 128.7, 125.5, 120.0, 119.2, 87.0, 80.6, 32.4, 30.9, 

25.4, 24.1, 16.4. FT-IR: ν (cm-1) 2960, 2932, 2874, 2216, 1756, 1505, 1099. HRMS [ESI] calcd 

for C16H16N2ONa [M+Na]+ 275.1155, found 275.1165. 
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5. 1H, 13C, and 19F NMR spectra 
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