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1. General information 

Unless stated, otherwise all reactions were carried out under an atmosphere of 

nitrogen using standard Schlenk techniques. All solvents and reagents were obtained 

from commercial sources and were purified according to standard procedures before 

use. 1H NMR spectra were recorded on a Varian Mercury 400 MHz or Agilent 

Mercury 400 MHz spectrometer in chloroform-d or acetone-d. All signals were 

reported in ppm with the internal TMS signal at 0.0 ppm as a standard. Data for 

1HNMR were recorded as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d 

= doublet, t = triplet, m = multiplet or unresolved, coupling constant(s) in Hz, 

integration). 13C NMR spectra were recorded on a Mercury 100 MHz spectrometer in 

chloroform-d or acetone-d. All signals are reported in ppm with the internal 

chloroform signal at 77.0 ppm or 205.87 ppm as a standard. IR spectra were recorded 

on a Perkin–Elmer 983, Digital FT–IR spectrometer or Bruker–Tensor 27; 

frequencies are given in reciprocal centimeters (cm-1) and only selected absorbance is 

reported. High resolution mass spectra were recorded on Waters Micromass GCT 

Premier (EI) and Bruker Daltonics, Inc. APEXIII 7.0TESLA FTMS (ESI) mass 

spectrometers. Enantiomeric ratios were obtained using a Shimadzu SPD-M20A 

equipped with an UV-VIS detector using one of the following chiral HPLC columns: 

Chiralcel Chiralpak IA-3, AD-3, and IE column. Substrates 1a-1v are commercially 

available and were used as purchased. 
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2. Optimization of the condition 

2.1 Screening of solvents a 

 

Entry Solvent Time (h) Yield (%)b Ee (%)c 

1 DCM 4 93 77 

2 DCE 3 85 74 

3 CHCl3 3 85 73 

4 PhCH3 3 90 74 

5 PhF 2 92 74 

6 THF 17 55 59 

7 DME 17 58 74 

8 Et2O 7 93 79 

9 CH3CN 17 Trace -- 

aThe reactions were carried out under N2 atmosphere: Lewis acid (0.04 mmol), L4 (0.048 mmol), 0.2 M, 

DCM (2.0 mL), 1a (0.40 mmol), 2a (4.40 mmol); b Isolated yield; c Determined by HPLC analysis on chiral 

stationary phases. 



S4 

 

 

2.2 Screening of Lewis acid a 

 

Entry Lewis acid Time (h) Yield (%)b Ee (%)c 

1 Cu(OTf)2 4 93 77 

2 Cu(ClO4)2
.6H2O 2 93 76 

3 Cu(SbF6)2 2 86 56 

4 CuOTf. 0.5toluene 4 83 68 

5 Ni(ClO4)2
.6H2O 2 93 58 

6 Ni(OTf)2 21 Trace -- 

7 Fe(OTf)3 2 93 0 

8 Mg(ClO4)2
.6H2O 15 75 12 

aThe reactions were carried out under N2 atmosphere: Lewis acid (0.04 mmol), L4 (0.048 mmol), 0.2 M, 

DCM (2.0 mL), 1a (0.40 mmol), 2a (4.40 mmol); b Isolated yield; c Determined by HPLC analysis on chiral 

stationary phases. 

 

2.3 Screening of the temperature a 

 

Entry Temp. (℃) Time (h) Yield (%)b Ee (%)c 

1 rt 4 93 77 

2 -20 10.5 90 84 

3 -40 8 90 85 

4 -78 8 93 90 

aThe reactions were carried out under N2 atmosphere: Lewis acid (0.04 mmol), L4 (0.048 mmol), 0.2 M, 

DCM (2.0 mL), 1a (0.40 mmol), 2a (4.40 mmol); b Isolated yield; c Determined by HPLC analysis on chiral 

stationary phases. 
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2.4 Screening of the ratio of 1a/2a a 

 

Entry 1a/2a Time (h) Yield (%)b Ee (%)c 

1 1/1.2 16 61 90 

2d 1/1.5 25 94 94 

3d,e 1/1.5 25 76 83 

4 1/2.5 4 91 90 

5 1/5 8 93 90 

6 1/11 8 93 89.5 

7 1/20 8 95 88 

aThe reactions were carried out under N2 atmosphere: Lewis acid (0.04 mmol), L4 (0.048 mmol), 0.2 M, 

DCM (2.0 mL), 1a (0.40 mmol); b Isolated yield; c Determined by HPLC analysis on chiral stationary 

phases; d 0.1 M, DCM (4 mL); e at room temperature. 

 

2.5 Screening of the ratio of L4/Cu(OTf)2 a 

 

Entry L4/Cu(OTf)2 Time Yield (%)b Ee (%)c 

1 1.5/1 8 NR -- 

2 1.2/1 4 93 91 

3 1/1 3 94 91 

4 1/1.2 3 90 90 

aThe reactions were carried out under N2 atmosphere: Lewis acid (0.04 mmol), 0.2 M, DCM (2.0 mL), 1a 

(0.40 mmol), 2a (1 mmol); b Isolated yield; c Determined by HPLC analysis on chiral stationary phases.  
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2.6 Screening of the concentration of substrate a 

 

Entry C (mol / L) Time Yield (%)b Ee (%)c 

1 0.2 4 91 90 

2 0.1 5 96 92 

3 0.05 8 94 93 

4 0.025 22 65 88 

aThe reactions were carried out under N2 atmosphere: Lewis acid (0.04 mmol), L4 (0.04 mmol), 1a 

(0.4mmol), 2a (1.0 mmol); b Isolated yield; c Determined by HPLC analysis on chiral stationary phases. 
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3. General experimental procedure for the reaction 

 

Procedure: A mixture of Cu (OTf)2 (14.5 mg, 0.04 mmol, 0.1 equiv) and L4 (14.3 mg, 

0.04 mmol, 0.1 equiv) in DCM (4 mL) was stirred at room temperature for 3 h under 

the atmosphere of nitrogen. Substrate 2 (0.6 mmol, 1.5 equiv) was added immediately 

without interval at room temperature, the reaction mixture was cooled to -78 ℃ for 

10 minutes, then substrate 1 (0.4 mmol, 1.0 equiv) was added and stirred at -78 ℃. 

After the reaction was complete (monitored by TLC), the reaction was filtered 

through a glass funnel with thin layer (20 mm) of silica gel (100-200 mesh) and eluted 

with DCM. The filtrate was concentrated under reduced pressure, purified by flash 

chromatography (hexane/ethyl acetate =40/1-20/1) to afford the product 3.  
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3a: white solid (124 mg, 94% yield), melting point: 75-77 ℃; 94% ee (Chiralpak 

IA-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 232 nm: tR (minor) = 6.9 min, tR 

(major) = 8.4 min.); [α]D
25 = -29.5 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.48 (s, 1H), 7.41 (s, 1H), 4.10 (s, 1H), 1.40 (s, 9H), 1.34 (s, 9H); All analytical data 

are consistent with literature values1. 

 

 

3b: white solid (92.7 mg, 80% yield), melting point: 99-100 ℃; 96% ee (Chiralpak 

IA-3, hexanes / iPrOH = 97/3, 0.6 mL/min, λ = 254 nm: tR (minor) = 9.2 min, tR 

(major) = 11.1 min.); [α]D
25 = -32.0 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.16 (s, 1H), 7.14 (s, 1H), 3.91 (s, 1H), 2.30 (s, 3H), 1.30 (s, 9H); 19F NMR (376 MHz, 

CDCl3): δ -79.81; 13C NMR (100 MHz, CDCl3): δ 170.5, 150.2, 135.1, 134.8 130.8 

123.7, 122.3 (q, 1JCF3 = 285.8 Hz), 120.9, 74.3 (q, 2JCF3 = 33.0 Hz), 34.2, 29.4, 21.2; 

IR (KBr):3461, 2973, 2875, 1807, 1618, 1479, 1273, 1203, 1182, 1120, 1094, 985, 

930, 868, 716 cm-1; HRMS-ESI: Exact mass calcd. for C14H19F3NO3
+ [M+NH4]

+: 

306.1317; Found: 306.1314. 

 

3c: white solid (99 mg, 81% yield), melting point: 99-100 ℃; 95% ee (Chiralpak 

IA-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 254 nm: tR (minor) = 13.1 min, tR 

(major) = 15.0 min.); [α]D
25 = -42.9 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.01 (m,  1H), 6.91 (m, 1H), 4.27 (s, 1H), 3.82 (s, 3H), 1.38 (s, 9H); 19F NMR (376 
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MHz, CDCl3): δ -79.81; 13C NMR (100 MHz, CDCl3): δ 170.5, 156.9, 146.2, 136.7, 

122.2 (q, 1JCF3 = 284.0 Hz), 121.5, 117.4, 107.1, 74.7 (q, 2JCF3 = 32.4 Hz), 55.9, 34.4, 

29.3; IR (KBr): 3346, 2972, 2847, 1820, 1485, 1427, 1310, 1171, 1100, 975, 799, 687 

cm-1; HRMS-ESI: Exact mass calcd. for C14H19F3NO4
+ [M+NH4]

+: 322.1266; Found: 

322.1264. 

 

3d: white solid (106 mg, 88% yield), melting point: 72-74 ℃; 95% ee (Chiralpak 

IA-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 254 nm: tR (minor) = 7.9 min, tR 

(major) = 10.0 min.); [α]D
25 = -32.3 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.18 (s, 1H), 7.16 (s, 1H), 4.00 (s, 1H), 2.59 (q, J = 7.6 Hz, 2H), 1.31 (s, 9H), 1.17 (t, 

J =7.4 Hz, 3H); 19F NMR (376 MHz, CDCl3): δ -79.79; 13C NMR (100 MHz, CDCl3): 

δ 170.6, 150.3, 141.6, 134.8, 129.8, 122.5, 122.3(q, 1JCF3 = 284.0 Hz), 120.9, 74.3 (q, 

2JCF3 = 33.4 Hz), 34.2, 29.4, 28.7, 15.6; IR (KBr): 3455, 2969, 2874, 1803, 1480, 

1367, 1268, 1219, 1096, 987, 870, 671 cm-1; HRMS-ESI: Exact mass calcd. for 

C15H21F3NO3
+ [M+NH4]

+: 320.1474; Found: 320.1471. 

 

 

3e: white solid (136 mg, 94% yield), melting point: 56.5-58.5 ℃; 94% ee (Chiralpak 

IA-3, hexanes / iPrOH = 97/3, 0.6 mL/min, λ = 254 nm: tR (minor) = 7.7 min, tR 

(major) = 9.3 min.); [α]D
25 = -22.3 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.27 (s, 2H), 4.16 (s, 1H), 1.73-1.65 (m, 2H), 1.57 (q, J =7.3 Hz, 2H), 1.28 (s, 6H), 

1.21 (s, 6H), 0.61-0.58(m, 6H); 19F NMR (376 MHz, CDCl3): δ -79.96; 13C NMR 

(100 MHz, CDCl3):δ 170.8, 149.9, 146.8, 132.7, 129.0, 122.3 (q, 1JCF3 = 285.0 Hz), 

120.4, 74.5 (q, 2JCF3 = 32.5 Hz), 38.1, 38.0, 36.9, 33.9, 28.43, 28.37, 27.2, 27.1, 9.1, 
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8.9; IR (KBr): 3394, 2965, 2877, 1811, 1619, 1476, 1265, 1177, 1107, 1085, 982, 893, 

759, 732, 705, 655 cm-1; HRMS-ESI: Exact mass calcd. for C19H29F3NO3
+ [M+NH4]

+: 

376.2100; Found: 376.2099. 

 

The reaction was carried out at rt. 3f: oil (90 mg, 75% yield); 99% ee (Chiralpak 

AD-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 232 nm: tR (minor) = 7.3 min, tR 

(major) = 8.5 min.); [α]D
25 = -36.4 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.16 (s, 1H), 7.15 (s, 1H), 4.01 (s, 1H), 3.09-3.05 (m, 1H), 2.86-2.83 (m, 1H), 

1.22-1.14 (m, 12H); 19F NMR (376 MHz, CDCl3): δ -79.76; 13C NMR (100 MHz, 

CDCl3): δ 170.8, 149.9, 146.7, 132.3, 128.7, 122.3 (q, 1JCF3 = 283.1 Hz), 121.0, 120.3, 

75.0 (q, 2JCF3 = 33.6 Hz), 34.0, 28.6, 24.1, 24.0, 22.3, 22.2; IR (KBr): 3439, 2965, 

2874, 1810, 1628, 1480, 1272, 1174, 1098, 970, 876, 759, 677 cm-1; HRMS-EI: Exact 

mass calcd. for C15H17F3O3
+ [M]+: 302.1130; Found: 302.1125. 

 

The reaction was carried out at rt. 3g: white solid (50.3 mg, 51% yield), melting point: 

106-108 ℃; >99% ee (Chiralpak IA-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 254 

nm: tR (minor) = 11.9 min, tR (major) = 13.6 min.); [α]D
25 = -41.8 (c 0.50, CHCl3); 

1H 

NMR (400 MHz, CDCl3): δ 7.18 (s, 1H), 7.13 (s, 1H), 3.96 (s, 1H), 2.35(s, 3H), 

2.30(s, 3H); All analytical data are consistent with literature values2. 

 

The reaction was carried out at rt. 3h: gum (170 mg, 94% yield); 92% ee (Chiralpak 

IA-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 254 nm: tR (minor) = 8.5 min, tR 

(major) = 10.3 min.); [α]D
25 = -2.7 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 
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7.24-7.03 (m, 12H), 3.80 (s, 1H), 1.58- 1.56 (m, 12H); 19F NMR (376 MHz, CDCl3): 

δ -79.8; 13C NMR (100 MHz, CDCl3): δ 170.1, 150.1, 150.0, 148.2, 148.0, 133.8, 

130.0, 128.2, 128.1, 126.5, 126.2, 126.0, 125.9, 122.1 (q, 1JCF3 = 284.5 Hz), 121.7, 

120.6, 74.4 (q, 2JCF3 = 32.3 Hz), 43.1, 41.8, 30.81, 30.77, 29.1, 28.9; IR (KBr): 3466, 

3026, 2970, 1821, 1602, 1493, 1269, 1082, 1003, 969, 793, 697 cm-1; HRMS-ESI: 

Exact mass calcd. for C27H29F3NO3
+ [M+NH4]

+: 472.2100; Found: 473.2097. 

 

The reaction was carried out at rt. 3i: oil (91.1 mg, 83% yield); 85% ee (Chiralpak 

AD-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 232 nm: tR (minor) = 11.7 min, tR 

(major) = 14.2 min.); [α]D
25 = -19.4 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.39 (dd, J1 = 8.4Hz, J2 = 1.2Hz, 1H), 7.33 (d, J = 7.6Hz, 1H), 7.17-7.13(m, 1H), 4.00 

(s, 1H), 1.32 (s, 9H); 19F NMR (376 MHz, CDCl3): δ -79.83; 13C NMR (100 MHz, 

CDCl3): δ 170.2, 152.3, 135.2, 130.2, 125.3, 123.6, 122.3(q, 1JCF3 = 283.7 Hz), 121.1, 

74.2 (q, 2JCF3 = 33.1 Hz), 34.3, 29.4; IR (KBr): 3477, 3183, 2966, 2874, 1794, 1430, 

1305, 1180, 1102, 990, 796, 714, 637cm-1; HRMS-EI: Exact mass calcd. for 

C13H17F3NO3
+ [M+NH4]

+: 292.1155; Found: 292.1155. 

 

 

The reaction was carried out at rt. 3j: white solid (86.7 mg, 67% yield), melting point: 

69-72 ℃; 90% ee (Chiralpak AD-3, hexanes / iPrOH = 95/5, 0.6 mL/min, λ = 232 nm: 

tR (major) = 16.1 min, tR (minor) = 17.9 min.); [α]D
25 = +4.3 (c 0.50, CHCl3); 

1H 

NMR (400 MHz, CDCl3): δ 7.66-7.60 (m, 3H), 7.54 (d, J = 7.2, Hz, 1H), 7.49-7.24 

(m, 4H), 3.86 (s, 1H); 19F NMR (376 MHz, CDCl3): δ -79.64; 13C NMR (100 MHz, 

CDCl3): δ 170.0, 151.2, 134.1, 133.1, 128.8, 128.6, 128.5, 126.1, 125.9, 124.9, 

122.2(q, 1JCF3 = 283.9 Hz), 121.3, 74.6 (q, 2JCF3 = 32.6 Hz); IR (KBr): 3459, 1799, 
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1631, 1595, 1503, 1458, 1271, 1254, 1178, 1109, 1072, 979, 871, 804, 722, 696, 640 

cm-1; HRMS-EI: Exact mass calcd. for C15H13F3NO3
+ [M+NH4]

+: 312.0842; Found: 

312.0840. 

 

The reaction was carried out at rt. 3k: white solid (118 mg, 58% yield), melting point: 

115.5-117.5 ℃; 91% ee (Chiralpak AD-3, hexanes / iPrOH = 90/10, 0.6 mL/min, λ = 

254 nm: tR (minor) = 13.1 min, tR (major) = 15.7 min.); [α]D
25 = -37.9 (c 0.50, CHCl3); 

1H NMR (400 MHz, Acetone-D6): δ 7.61 (s, 1H), 7.49(s, 1H), 7.36(s, 1H), 6.57 (d, J 

= 2.4 Hz, 2H); 19F NMR (376 MHz, Acetone-D6): δ -74.90; 13C NMR (100 MHz, 

Acetone-D6): δ 169.9, 151.1, 149.2, 145.4, 122.9(q, 1JCF3 = 283.2 Hz), 113.3, 105.2, 

102.7, 94.6, 75.3 (q, 2JCF3 = 32.5 Hz); IR (KBr): 3458, 3114, 2922, 2558, 2360, 1810, 

1644, 1468, 1290, 1183, 1096, 936, 807, 686, 668 cm-1; HRMS-EI: Exact mass calcd. 

for C10H5F3O5
+ [M]+: 262.0089; Found: 262.0092. 

 

The reaction was carried out at rt. 3l: white solid (108 mg, 58% yield), melting point: 

60-62 ℃; >99% ee (Chiralpak AD-3, hexanes / iPrOH = 97/3, 0.8 mL/min, λ = 254 

nm: tR (minor) = 14.6 min, tR (major) = 15.7 min.); [α]D
25 = -46.7 (c 0.50, CHCl3); 

1H 

NMR (400 MHz, CDCl3): δ 7.22 (s, 1H), 6.88(s, 1H), 3.97(s, 1H), 2.23 (s, 3H), 2.19(s, 

3H); 19F NMR (376 MHz, CDCl3): δ -79.79; 13C NMR (100 MHz, CDCl3): δ 

170.78-170.75 (m), 152.5, 142.6, 134.1, 126.5 (q, 3JCF3 = 0.7 Hz), 122.2(q, 1JCF3 = 

283.5 Hz), 117.7, 112.4, 74.8 (q, 2JCF3 = 33.4 Hz), 20.6, 19.4; IR (KBr): 3429, 2923, 

2852, 2360, 1809, 1795, 1629, 1304, 1108, 1060, 1019, 976, 886, 682 cm-1; 

HRMS-EI: Exact mass calcd. for C11H13F3NO3[M+NH4]
+: 264.0842; Found: 

264.0841. 
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The reaction was carried out at rt. 3m: yellow solid (136 mg, 61% yield), melting 

point: 67-70 ℃; 96% ee (Chiralpak AD-3, hexanes / iPrOH = 90/10, 0.6 mL/min, λ = 

254 nm: tR (minor) = 15.0 min, tR (major) = 16.5 min.); [α]D
25 = -36.4 (c 0.50, CHCl3); 

1H NMR (400 MHz, Acetone-D6): δ 7.58 (s, 1H), 7.54(s, 1H), 7.44(s, 1H), 4.36 (s, 

3H), 4.29 (s, 3H); 19F NMR (376 MHz, Acetone-D6): δ -74.90; 13C NMR (100 MHz, 

Acetone-D6): δ 170.4, 153.7, 148.9, 147.5, 123.2(q, 1JCF3 = 282.5 Hz), 112.0, 108.8, 

96.6, 75.5 (q, 2JCF3 = 32.9 Hz), 56.3, 56.0; IR (KBr): 3433, 2922, 2850, 2360, 1817, 

1629, 1500, 1460, 1344, 1257, 1082, 1001, 947, 793, 697 cm-1; HRMS-EI: Exact 

mass calcd. for C11H9F3O5
+ [M]+: 278.0402; Found: 278.0405. 

 

The reaction was carried out at rt. 3n: white solid (163 mg, 75% yield), melting point: 

125-127 ℃; 99% ee ( Chiralpak IA-3, hexanes / iPrOH = 97/3, 0.6 mL/min, λ = 254 

nm: tR (minor) = 19.4 min, tR (major) = 20.6 min.); [α]D
25 = -46.5 (c 0.50, CHCl3); 

1H 

NMR (400 MHz, CDCl3): δ 7.24 (s, 1H), 6.88 (s, 1H), 3.76 (s, 1H), 2.82-2.78 (m, 4H), 

1.81 (t, J = 6.4 Hz 4H); 19F NMR (376 MHz, CDCl3): δ -79.8; 13C NMR (100 MHz, 

CDCl3): δ 170.6, 152.0, 143.1, 134.7, 126.5, 122.3 (q, 1JCF3 = 283.9 Hz), 117.7, 111.6, 

74.7 (q, 2JCF3 = 32.6 Hz), 30.2, 29.1, 22.7, 22.4; IR (KBr): 3439, 2950, 2852, 1806, 

1793, 1634, 1486, 1440, 1319, 1188, 1069, 977, 676 cm-1; HRMS-EI: Exact mass 

calcd. for C13H11F3O3
+ [M]+: 272.0660; Found: 272.0663. 

 

The reaction was carried out at 40 ℃. 3o: oil (100 mg, 58% yield); 96% ee 

(Chiralpak IA-3, hexanes / iPrOH = 97/3, 0.8 mL/min, λ = 254 nm: tR (minor) = 11.4 

min, tR (major) = 12.5 min.); [α]D
25 = -40.3 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.57 (d, J = 7.6 Hz, 1H), 7.54-7.50 (m, 1H), 7.29 (t, J = 7.8 Hz, 1H), 7.18 

(d, J = 8.0 Hz, 1H); 19F NMR (376 MHz, CDCl3): δ -79.7; 13C NMR (100 MHz, 

CDCl3): δ 170.3 (q, 3JCF3 = 1.5 Hz), 154.1, 133.0, 126.2 (q, 3JCF3 =1.2 Hz), 125.5, 
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122.2 (q, 1JCF3 =283.9 Hz), 120.9, 111.6, 74.8 (q, 2JCF3 =33.1 Hz); IR (KBr): 3454, 

2927, 2855, 1813, 1703, 1479, 1177, 1075, 970, 751, 660 cm-1; HRMS-EI: Exact 

mass calcd. for C9H5F3O3
+ [M]+: 218.0191; Found: 218.0196. 

 

The reaction was carried out at 40 ℃. 3p: oil (148.8 mg, 74% yield); 95% ee 

(Chiralpak AD-3, hexanes / iPrOH = 90/10, 0.6 mL/min, λ = 254 nm: tR (minor) = 

10.3 min, tR (major) = 12.1 min.); [α]D
25 = -79.5 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.10-7.00 (m, 3H), 3.82(s, 3H); 19F NMR (376 MHz, CDCl3): δ -79.75; 13C 

NMR (100 MHz, CDCl3): δ 170.6, 157.2, 147.9, 122.2(q, 1JCF3 = 283.9 Hz), 121.5, 

118.8, 112.4, 111,2, 75.3 (q, 2JCF3 = 32.9 Hz), 56.0; IR (KBr): 3452, 2919, 2849, 2361, 

1790, 1616, 1490, 1454, 1278, 1163, 1105, 973, 853, 791, 680 cm-1; HRMS-EI: Exact 

mass calcd. for C10H7F3O4
+ [M]+: 248.0296; Found: 248.0292. 

 

The reaction was carried out at 40 ℃. 3q: oil (147 mg, 67% yield); 98% ee 

(Chiralpak AD-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 254 nm: tR (minor) = 10.6 

min, tR (major) = 12.8 min.); [α]D
25 = -46.2 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.57-7.54 (m, 2H), 7.11 (d, J = 8.8 Hz, 1H), 4.00 (s, 1H), 1.34 (s, 9H); 19F 

NMR (376 MHz, CDCl3): δ -79.75; 13C NMR (100 MHz, CDCl3): δ 170.6, 152.1, 

149.1, 130.1, 123.0 (q, 3JCF3 = 1.1 Hz), 122.3(q, 1JCF3 = 284.2 Hz), 120.2, 111.0, 75.0 

(q, 2JCF3 = 32.6 Hz), 34.9, 31.4; IR (KBr): 3386, 2961, 2922, 2852, 1826, 1623, 1489, 

1260, 1183, 1094, 799, 681 cm-1; HRMS-EI: Exact mass calcd. for C13H13F3O3
+ [M]+: 

274.0817; Found: 274.0823. 

 

The reaction was carried out at 40 ℃. 3r: oil (64 mg, 61% yield); 95% ee (Chiralpak 

AD-3, hexanes / iPrOH = 98/2, 0.8 mL/min, λ = 254 nm: tR (minor) = 11.2 min, tR 
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(major) = 14.3 min.); [α]D
25 = -41.7 (c 0.50, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.34 (s, 1H), 7.30 (dd, J1 = 8 Hz, J2= 1.8 Hz, 1H), 7.04(d, J = 8.4 Hz, 1H), 3.78 (s, 

1H), 2.90-2.87 (m, 1H), 1.20 (d, J = 8 Hz, 3H), 1.18 (d, J = 8 Hz, 3H); 19F NMR (376 

MHz, CDCl3): δ -79.8; 13C NMR (100 MHz, CDCl3): δ 170.5, 152.3, 146.7, 131.1, 

124.0 (q, 3JCF3 = 0.7 Hz), 122.2(q, 1JCF3 = 283.5 Hz), 120.4, 111.4, 74.9 (q, 2JCF3 = 33 

Hz), 33.9, 24.0, 23.9; IR (KBr): 3424, 2965, 1815, 1622, 1486, 1273, 1177, 1082, 971, 

825, 741, 680 cm-1; HRMS-EI: Exact mass calcd. for C12H11F3O3
+ [M]+: 260.0660; 

Found: 260.0664. 

 

The reaction was carried out at 40 ℃. 3s: gum (108 mg, 80% yield); 96% ee 

(Chiralpak AD-3, hexanes / iPrOH = 95/5, 0.6 mL/min, λ = 232 nm: tR (minor) = 8.9 

min, tR (major) = 10.2 min.); [α]D
25 = -38.4 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.40 (s, 1H), 7.23-7.09 (m, 6H), 6.95 (d, J = 8.8 Hz, 1H), 4.03 (s, 1H), 1.60 

(s, 6H); 19F NMR (376 MHz, CDCl3): δ -79.68; 13C NMR (100 MHz, CDCl3): δ 170.5, 

152.1, 149.5, 148.8, 132.0, 128.2, 126.6, 126.1, 124.0, 122.2(q, 1JCF3 = 283.8 Hz), 

120.2, 111.1, 74.9 (q, 2JCF3 = 33 Hz), 43.0, 30.8, 30.7; IR (KBr): 3458, 2970, 2929, 

1821, 1622, 1485, 1387, 1179, 1088, 971, 826, 700 cm-1; HRMS-ESI: Exact mass 

calcd. for C18H19F3NO3
+ [M+NH4]

+: 354.1317; Found: 354.1315. 

 

The reaction was carried out at 40 ℃. 3t: gum (84 mg, 70% yield); 97% ee 

(Chiralpak AD-3, hexanes / iPrOH = 90/10, 0.6 mL/min, λ = 232 nm: tR (minor) = 9.0 

min, tR (major) = 11.3 min.); [α]D
25 = -56.0 (c 0.50, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.70 (s, 1H), 7.66 (dd, J1 = 8.4 Hz, J2 = 2 Hz, 1H), 7.50-7.33 (m, 5H), 7.19 

(d, J = 3.2 Hz, 1H); 19F NMR (376 MHz, CDCl3): δ -79.61; 13C NMR (100 MHz, 

CDCl3): δ 170.1, 153.6, 139.40, 139.36, 131.9, 129.0, 128.0, 127.1, 124.9, 122.3 (q, 

1JCF3 = 283.9 Hz), 121.3, 111.9, 74.9 (q, 2JCF3 =3 3.3 Hz); IR (KBr): 3442, 3370, 2924, 
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1824, 1619, 1499, 1429, 1293, 1179, 1086, 974, 900, 767, 699 cm-1; HRMS-EI: Exact 

mass calcd. for C15H9F3O3
+ [M]+: 294.0504; Found: 294.0508. 

 

The reaction was carried out at 40 ℃. 3u: white solid (74.5 mg, 50% yield), melting 

point: 124-126 ℃; 95% ee (Chiralpak AD-3, hexanes / iPrOH = 90/10, 0.6 mL/min, λ 

= 232 nm: tR (minor) = 10.8 min, tR (major) = 14.6 min.); [α]D
25 = -58.3 (c 0.50, 

CHCl3); 
1H NMR (400 MHz, CDCl3): δ 7.73 (s, 1H), 7.69 (dd, J1 = 8.4 Hz, J2 = 2.4 

Hz, 1H), 7.60-7.58 (m, 2H), 7.43-7.28 (m, 2H), 7.27 (d, J = 8.4 Hz, 1H), 4.16(s, 1H); 

19F NMR (376 MHz, CDCl3): δ -79.60; 13C NMR (100 MHz, CDCl3): δ 170.0, 153.7, 

138.2, 138.1, 132.1, 131.7, 128.6, 124.7, 122.3, 122.2(q, 1JCF3 =284.3 Hz), 121.4, 

112.1, 74.8 (q, 2JCF3 =32.7 Hz); IR (KBr): 3428, 2961, 2924, 1805, 1620, 1475, 1316, 

1177, 1086, 1006, 957, 811, 680 cm-1; HRMS-EI: Exact mass calcd. for 

C15H8F3O3Br+ [M]+: 371.9609; Found: 371.9613. 

 

The reaction was carried out at rt. 3v: white solid (74.5 mg, 76% yield), melting point: 

96.5-98.5 ℃; 97% ee (Chiralpak IE, hexanes / iPrOH = 98/2, 0.6 mL/min, λ = 254 

nm: tR (minor) = 14.2 min, tR (major) = 14.9 min.); [α]D
25 = -22.4 (c 0.50, CHCl3); 

1H 

NMR (400 MHz, CDCl3): δ 7.20 (d, J =7.6 Hz, 1H), 6.99 (d, J =7.6 Hz, 1H), 3.79 (s, 

1H), 2.26 (s, 3H), 2.16 (s, 3H); 19F NMR (376 MHz, CDCl3): δ -79.83; 13C NMR (100 

MHz, CDCl3): δ 170.6, 152.8, 143.0, 126.4, 122.8, 122.3 (q, 1JCF3 = 283.8 Hz), 120.8, 

117.6, 75.4 (q, 2JCF3 = 33.1 Hz), 19.9, 11.7; IR (KBr): 3441, 2958, 2924, 2852, 1807, 

1637, 1596, 1457, 1388, 1304, 1173, 1136, 983, 771, 675 cm-1; HRMS-EI: Exact 

mass calcd. for C11H9F3O3
+ [M]+: 246.0504; Found: 246.0497. 

 

5: oil (18 mg, 17% yield); 51% ee (Chiralpak AD-H, hexanes / iPrOH= 90/10, 0.6 
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mL/min, λ = 254 nm: tR (major) = 12.7 min, tR (minor) = 20.3 min.); 1H NMR (400 

MHz, CDCl3): δ 7.69 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 4.26 (s, 1H), 

3.96(s, 3H), 3.82 (s, 3H); All analytical data are consistent with literature values3. 

 

3o’: oil (13 mg, 15% yield); 2% ee (Chiralpak IA-3, hexanes / iPrOH= 90/10, 0.8 

mL/min, λ = 254 nm: tR (minor) = 13.3 min, tR (major) = 14.2 min.); 1H NMR (400 

MHz, CDCl3): δ 7.62 (d, J = 8.8 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 5.56 (s, 1H), 4.33 

(s, 1H), 3.95(s, 3H); All analytical data are consistent with literature values4. 
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4. Gram-scale experiment 

 

The general procedure for Gram-Scale experiment: A mixture of Cu(OTf)2 (14.5 

mg, 0.04 mmol) and L4 (14.3 mg, 0.04 mmol) in DCM (5 mL) was stirred at room 

temperature for 4 h under the atmosphere of nitrogen (solution A). To a 100 mL 

Schlenktube which contained 2b (1.6 mL, 12 mmol) in 20 mL DCM, 0.5 mL of 

solution A was added. The mixture was stirred at -78 oC for 20 minutes, then 1a (1.65 

g, 8 mmol) was added and stirred at -78 ℃. After the reaction was taken on for 120 h, 

the reaction was filtered through a glass funnel with thin layer (20 mm) of silica gel 

(100-200 mesh) and eluted with DCM. The filtrate was concentrated under reduced 

pressure. The residue was purified by flash chromatography (hexane/ethyl acetate 

=40/1) to afford the product 3a (2.16 g). The purified product (2.02 g) was 

recrystallized from cold hexane, and dried to afford 1.26 g (62% yield) of white 

crystal 3a (>99% ee). 
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5. A proposed working model for the stereoselection  
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7. 1H NMR, 13C NMR and 19F NMR spectra 

 

 



S22 

 

 

 

 



S23 

 

 

 



S24 

 

 

 

 

 



S25 

 

 

 



S26 

 

 

 

 

 



S27 

 

 

 



S28 

 

 

 

 



S29 

 

 



S30 

 

 

 

 

 

 



S31 

 

 



S32 

 

 



S33 

 

 

 

 

 



S34 

 

 



S35 

 

 

 

 

 



S36 

 

 



S37 

 

 

 

 

 



S38 

 

 



S39 

 

 

 

 

 

 



S40 

 

 



S41 

 

 

 

 

 



S42 

 

 



S43 

 

 

 

 

 

 



S44 

 

 



S45 

 

 

 

 



S46 

 

 



S47 

 

 

 

 

 
 



S48 

 

 

 



S49 

 

 

 

 

 

 



S50 

 

 



S51 

 

 

 

 
 

 

 



S52 

 

 



S53 

 

 

 

 
 

 

 



S54 

 

 



S55 

 

 

 

 

 

 



S56 

 

 



S57 

 

 

 

 

 

 



S58 

 

 



S59 

 

 

 

 

 

 



S60 

 

 



S61 

 

 

 

 

 

 



S62 

 

 

 



S63 

 

 



S64 

 

 



S65 

 

8. HPLC traces 
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HPLC spectra of the Grame-scale experiment. 
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