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1. General information

Reactions were monitored by thin layer chromatography using UV light to visualize the course 

of reaction. Purification of reaction products was carried out by flash chromatography. 1H and 

13CNMR spectra were obtained using a Bruker DPX-600 spectrometer. 1H NMR chemical shifts 

are reported in ppm (δ) relative to tetramethylsilane (TMS) with the solvent resonance employed 

as the internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = 

doublet, t = triplet, m = multiplet), coupling constants (Hz) and integration. 13C NMR chemical 

shifts are reported in ppm (δ) from tetramethylsilane (TMS) with the solvent resonance as the 

internal standard. Melting points were measured on an electrothermal digital melting point 

apparatus.

2. General procedure for preparation of chiral ligands L1

HN
N
H

O

Ar
1.5 eq m-CPBA

2

3
L1

EtOH, reflux

DCM, rt, 10 min
+

12 h

1 N
N

O

N

N
N

O

NO
N

O

R R

OH

HO HO

In a sealed tube equipped with a magnetic stirring bar, bicyclic prolinamides 1 (1.2 mmol, 1.2 

equiv) and hydroxymethyl picolinaldehyde 2 (1.0 mmol) were added. Then, ethanol (8.0 mL) was 

added and the reaction was heated with stirring at reflux for 12 h. After completion of the reaction, 

as indicated by TLC, the aftertreatment residue was purified by flash column chromatography to 

give the intermediate 3. In a sealed tube equipped with a magnetic stirring bar, to the intermediate 

3 was added 3.0 mL of DCM and m-CPBA (1.5 eq). The reaction mixture was stirred at rt for 10 

min. After completion of the reaction, as indicated by TLC, the aftertreatment residue was purified 

by flash column chromatography to furnish the ligand L1.

N
N

O

N

HO

3a: Light yellow solid, yield 85% (308.6 mg), >20:1 dr; 1H NMR (CDCl3, 600 MHz) δ: 1.12-

1.19 (m, 1H), 1.26-1.36 (m, 2H), 1.49 (d, J = 13.2 Hz, 1H), 1.62-1.67 (m, 1H), 1.72-1.76 (m, 2H), 
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1.94-1.96 (m, 1H), 2.12-2.16 (m, 2H), 2.53-2.56 (m, 1H), 3.42-3.46 (m, 1H), 3.81 (br s, 1H), 4.24-

4.26 (m, 1H), 4.70 (s, 2H), 6.02 (s, 1H), 7.08-7.17 (m, 3H), 7.27-7.29 (m, 2H), 7.47 (d, J = 7.8 Hz, 

2H), 7.63-7.65 (m, 1H); 13C NMR (CDCl3, 150 MHz) δ: 20.6, 23.2, 24.1, 25.8, 28.5, 38.4, 62.7, 

63.5, 64.0, 78.2, 118.6, 120.1, 120.8, 125.1, 129.1, 137.1, 138.0, 157.7, 159.9, 176.4; HRMS (ESI-

TOF) m/z: Calcd. for C22H26N3O2 [M+H]+: 364.2020; Found: 364.2027.

N
N

O

NO

HO

1

2
3

4

5

6

7 8
9

10
11

12
13

14

15
16 17

18
19

20

12
13

L1a: Light yellow solid, m.p. 162.9-163.3 oC, overall yield 60% (227.4 mg), 20:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.11-1.18 (m, 1H), 1.28-1.41 (m, 2H), 1.48 (d, J = 13.2 Hz, 1H), 1.64-1.71 

(m, 1H), 1.75-1.81 (m, 2H), 1.87-1.93 (m, 1H, O-H), 2.20-2.27 (m, 2H), 2.33-2.39 (m, 1H), 3.26-

3.32 (m, 1H), 3.80-3.84 (m, 1H, C1-H), 4.53-4.62 (m, 2H, C20-H), 4.68-4.71 (m, 1H, C8-H), 6.72 

(s, 1H, C10-H), 7.05-7.08 (m, 1H, C14-H), 7.18-7.20 (m, 2H, C13-H), 7.31-7.32 (m, 2H, C12-H), 

7.38-7.40 (m, 2H, C16-H, C18-H), 7.69-7.72 (m, 1H, C17-H); 13C NMR (CD3OD, 150 MHz) δ: 19.8, 

23.8, 24.0, 24.5, 27.0 (C7), 35.7 (C6), 64.7 (C20), 75.6 (C1), 84.2 (C8), 84.3 (C10), 121.3, 122.2, 

124.7, 126.5, 128.9 (C13), 135.0 (C11), 137.1 (C17), 150.6 (C15), 161.7 (C19), 169.4 (C9); IR (KBr) ν 

2936, 2860, 1717, 1597, 1498, 1394, 761, 690 cm-1. HRMS (ESI-TOF) m/z: Calcd. for 

C22H26N3O3 [M+H]+: 380.1969; Found: 380.1960.

N
N

O

NO

HO

F

L1b: Light yellow solid, m.p. 170.2-170.9 oC, overall yield 58% (230.3 mg), 17:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.14-1.21 (m, 1H), 1.30-1.43 (m, 2H), 1.50 (d, J = 13.2 Hz, 1H), 1.67-1.73 

(m, 1H), 1.79-1.81 (m, 2H), 1.88-1.94 (m, 1H), 2.20-2.25 (m, 1H), 2.29-2.31 (m, 1H), 2.35-2.40 

(m, 1H), 3.28-3.33 (m, 1H), 3.80-3.85 (m, 1H), 4.55-4.63 (m, 2H), 4.68-4.71 (m, 1H), 6.69 (s, 1H), 

6.94-6.97 (m, 2H), 7.32-7.42 (m, 4H), 7.71-7.73 (m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 19.7, 

23.8, 24.0, 24.5, 26.9, 35.7, 64.7, 75.5, 84.2, 84.5, 115.6 (d, JCF = 22.5 Hz), 121.4, 124.8, 124.9 (d, 

JCF = 9.2 Hz), 130.2, 131.1 (d, JCF = 3.0 Hz), 137.2, 150.4, 160.8 (d, JCF = 244.5 Hz), 161.8, 169.5; 
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IR (KBr) ν 2937, 2860, 1718, 1510, 1396, 1230, 837 cm-1. HRMS (ESI-TOF) m/z: Calcd. for 

C22H25FN3O3 [M+H]+: 398.1874; Found: 398.1873.

N
N

O

NO

HO

Br

L1c: Light yellow solid, m.p. 185.3-186.0 oC, overall yield 61% (278.8 mg), 17:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.13-1.17 (m, 1H), 1.30-1.36 (m, 2H), 1.49 (d, J = 12.6 Hz, 1H), 1.66-1.72 

(m, 1H), 1.76-1.81 (m, 2H), 1.88-1.94 (m, 1H), 2.22-2.25 (m, 2H), 2.36-2.41 (m, 1H), 3.28-3.33 

(m, 1H), 3.80-3.84 (m, 1H), 4.53-4.61 (m, 2H), 4.67-4.70 (m, 1H), 6.73 (s, 1H), 7.29-7.31 (m, 2H), 

7.34-7.37 (m, 2H), 7.41-7.42 (m, 2H), 7.72-7.74 (m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 19.7, 

23.8, 23.9, 24.5, 27.0, 35.7, 64.7, 75.5, 84.0, 84.3, 119.4, 121.4, 123.7, 124.9, 132.0, 134.3, 137.2, 

150.3, 161.9, 169.4; IR (KBr) ν 2934, 2858, 1719, 1492, 1386, 1076, 827 cm-1. HRMS (ESI-TOF) 

m/z: Calcd. for C22H25BrN3O3 [M+H]+: 458.1074; Found: 458.1074.

   

N
N

O

NO

HO

Br

L1d: Light yellow solid, m.p. 158.9-159.4 oC, overall yield 55% (251.4 mg), 17:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.22-1.26 (m, 1H), 1.41-1.45 (m, 2H), 1.58 (d, J = 12.6 Hz, 1H), 1.76-1.80 

(m, 1H), 1.85-1.91 (m, 2H), 1.98-2.04 (m, 1H), 2.31-2.36 (m, 2H), 2.45-2.51 (m, 1H), 3.38-3.39 

(m, 1H), 3.90-3.93 (m, 1H), 4.62-4.71 (m, 2H), 4.77-4.80 (m, 1H), 6.90 (s, 1H), 7.20-7.22 (m, 1H), 

7.30-7.33 (m, 1H), 7.51-7.54 (m, 2H), 7.80 (s, 1H), 7.83-7.86 (m, 1H); 13C NMR (CD3OD, 150 

MHz) δ: 19.7, 23.7, 23.9, 24.5, 27.1, 35.7, 64.7, 75.4, 83.7, 84.2, 120.1, 121.4, 122.2, 124.6, 127.0, 

129.1, 130.4, 136.4, 137.2, 150.2, 161.9, 169.4; IR (KBr) ν 2932, 2859, 1719, 1591, 1479, 1386, 

1076, 1038, 779, 752, 691 cm-1. HRMS (ESI-TOF) m/z: Calcd. for C22H25BrN3O3 [M+H]+: 

458.1064; Found: 458.1053.
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N
N

O

NO

HO

Cl

L1e: Light yellow solid, m.p. 153.7-154.3 oC, overall yield 52% (214.8 mg), 16:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.22-1.26 (m, 1H), 1.39-1.44 (m, 2H), 1.58 (d, J = 13.2 Hz, 1H), 1.76-1.81 

(m, 1H), 1.85-1.91 (m, 2H), 1.98-2.04 (m, 1H), 2.31-2.36 (m, 2H), 2.46-2.51 (m, 1H), 3.37-3.42 

(m, 1H), 3.90-3.94 (m, 1H), 4.63-4.71 (m, 2H), 4.77-4.80 (m, 1H), 6.89 (s, 1H), 7.16-7.18 (m, 1H), 

7.26-7.29 (m, 1H), 7.35-7.37 (m, 1H), 7.51-7.54 (m, 2H), 7.65-7.66 (m, 1H), 7.83-7.85 (m, 1H); 

13C NMR (CD3OD, 150 MHz) δ: 19.7, 23.7, 23.9, 24.5, 27.1, 35.7, 64.7, 75.4, 83.8, 84.3, 119.6, 

121.4, 121.7, 124.8, 126.2, 130.2, 134.4, 136.3, 137.2, 150.3, 161.9, 169.5; IR (KBr) ν 2932, 2859, 

1719, 1595, 1483, 1386, 1096, 1076, 1038, 779, 781, 752 cm-1. HRMS (ESI-TOF) m/z: Calcd. for 

C22H25ClN3O3 [M+H]+: 414.1576; Found: 414.1562.

N
N

O

NO

HO

CH3

L1f: Light yellow solid, m.p. 154.9-155.7 oC, overall yield 61% (239.7 mg), 18:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.12-1.17 (m, 1H), 1.29-1.42 (m, 2H), 1.49 (d, J = 13.2 Hz, 1H), 1.66-1.72 

(m, 1H), 1.76-1.81 (m, 2H), 1.87-1.94 (m, 1H), 2.14 (s, 3H), 2.19-2.25 (m, 1H), 2.28-2.31 (m, 1H), 

2.34-2.39 (m, 1H), 3.28-3.31 (m, 1H), 3.80-3.84 (m, 1H), 4.55-4.63 (m, 2H), 4.68-4.71 (m, 1H), 

6.67 (s, 1H), 7.00 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.37-7.41 (m, 2H), 7.69-7.71 (m, 

1H); 13C NMR (CD3OD, 150 MHz) δ: 19.5, 19.8, 23.8, 24.0, 24.5, 27.0, 35.7, 64.7, 75.6, 84.2, 

84.5, 121.2, 122.4, 127.7, 129.4, 132.4, 136.8, 137.1, 150.7, 161.7, 169.4; IR (KBr) ν 2936, 2860, 

1719, 1516, 1395, 1076, 1038, 814, 770, 752 cm-1. HRMS (ESI-TOF) m/z: Calcd. for C23H28N3O3 

[M+H]+: 394.2121; Found: 394.2113.

N
N

O

NO

HO

H3C

L1g: Light yellow solid, m.p. 147.1-147.6 oC, overall yield 53% (208.3 mg), 16:1 dr; 1H NMR 
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(CD3OD, 600 MHz) δ: 1.29-1.35 (m, 1H), 1.38-1.44 (m, 1H), 1.51-1.55 (m, 1H), 1.58-1.64 (m, 

1H), 1.76-1.83 (m, 1H), 1.89-1.98 (m, 2H), 2.00 (s, 1H), 2.23 (s, 3H), 2.30-2.35 (m, 1H), 2.40-

2.45 (m, 1H), 2.72-2.74 (m, 1H), 3.43-3.44 (m, 1H), 3.94-3.98 (m, 1H), 4.68 (d, J = 15.0 Hz, 1H), 

4.76 (d, J = 15.0 Hz, 1H), 4.95-4.97 (m, 1H), 6.85 (s, 1H), 7.13-7.20 (m, 3H), 7.30-7.33 (m, 1H), 

7.37-7.40 (m, 1H), 7.47 (d, J = 7.8 Hz, 1H), 7.69-7.71 (m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 

18.0, 19.6, 23.8, 24.2, 24.6, 26.1, 35.8, 64.6, 75.6, 84.3, 86.2, 121.3, 124.6, 125.0, 126.3, 128.3, 

131.6, 132.8, 136.4, 136.9, 150.4, 161.4, 168.0; IR (KBr) ν 2930, 2858, 1719, 1495, 1460, 1400, 

1078, 1036, 768, 743, 718 cm-1. HRMS (ESI-TOF) m/z: Calcd. for C23H28N3O3 [M+H]+: 394.2121; 

Found: 394.2108.

      

N
N

O

NO

HO

OCH3

L1h: Light yellow solid, m.p. 180.6-181.3 oC, overall yield 56% (229.0 mg), 15:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.26-1.31 (m, 1H), 1.38-1.45 (m, 1H), 1.49-1.56 (m, 1H), 1.59 (d, J = 13.2 

Hz, 1H), 1.76-1.82 (m, 1H), 1.89 (d, J = 8.4 Hz, 2H), 1.97-2.03 (m, 1H), 2.28-2.34 (m, 1H), 2.42-

2.45 (m, 2H), 3.37-3.42 (m, 1H), 3.71 (s, 3H), 3.90-3.94 (m, 1H), 4.66-4.74 (m, 2H), 4.78-4.80 (m, 

1H), 6.71 (s, 1H), 6.82-6.84 (m, 2H), 7.24-7.27 (m, 2H), 7.43 (d, J = 7.8 Hz, 1H), 7.50 (d, J = 7.8 

Hz, 1H), 7.78-7.81 (m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 19.8, 23.8, 24.1, 24.6, 26.9, 35.7, 

54.5, 64.7, 75.6, 84.1, 84.9, 114.1, 121.3, 124.8, 127.5, 129.1, 137.1, 150.6, 158.6, 161.7, 169.5; 

IR (KBr) ν 2936, 2860, 1715, 1514, 1458, 1398, 1252, 1034, 835, 801 cm-1. HRMS (ESI-TOF) 

m/z: Calcd. for C23H28N3O4 [M+H]+: 410.2074; Found: 410.2065.

    

N
N

O

NO

HO

Et

L1i: Light yellow solid, m.p. 156.2-156.9 oC, overall yield 54% (219.8 mg), 16:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.12-1.15 (m, 3H), 1.22-1.27 (m, 1H), 1.39-1.50 (m, 2H), 1.59 (d, J = 13.2 

Hz, 1H), 1.75-1.82 (m, 1H), 1.86-1.91 (m, 2H), 1.97-2.04 (m, 1H), 2.30-2.39 (m, 2H), 2.44-2.49 

(m, 1H), 2.53-2.57 (m, 2H), 3.37-3.41 (m, 1H), 3.90-3.94 (m, 1H), 4.64-4.72 (m, 2H), 4.78-4.81 

(m, 1H), 6.78 (s, 1H), 7.13 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 9.0 Hz, 2H), 7.47-7.51 (m, 2H), 7.79-



S7

7.82 (m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 14.5, 19.8, 23.8, 24.0, 24.5, 27.0, 27.9, 35.7, 64.7, 

75.6, 84.2, 84.5, 121.3, 122.5, 124.7, 128.3, 132.6, 137.1, 143.1, 150.7, 161.7, 169.4; IR (KBr) ν 

2963, 2934, 2860, 1719, 1516, 1458, 1395, 1076, 1038, 837, 766, 752 cm-1. HRMS (ESI-TOF) 

m/z: Calcd. for C24H30N3O3 [M+H]+: 408.2282; Found: 408.2272.

  

N
N

O

NO

HO

L1j: Light yellow solid, m.p. 150.6-151.2 oC, overall yield 59% (248.4 mg), 20:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.15 (d, J = 6.6 Hz, 6H), 1.23-1.29 (m, 1H), 1.38-1.51 (m, 2H), 1.59 (d, J = 

13.2 Hz, 1H), 1.76-1.81 (m, 1H), 1.86-1.91 (m, 2H), 1.97-2.04 (m, 1H), 2.30-2.39 (m, 2H), 2.43-

2.49 (m, 1H), 2.79-2.84 (m, 1H), 3.39 (s, 1H), 3.90-3.93 (m, 1H), 4.65-4.73 (m, 2H), 4.78-4.80 (m, 

1H), 6.79 (s, 1H), 7.16 (d, J = 7.8 Hz, 2H), 7.32 (d, J = 7.8 Hz, 2H), 7.48-7.51 (m, 2H), 7.80-7.82 

(m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 19.8, 22.8, 23.8, 24.0, 24.5, 27.0, 33.5, 35.7, 64.7, 75.5, 

84.2, 84.4, 121.3, 122.4, 124.7, 126.8, 132.6, 137.1, 147.6, 150.7, 161.8, 169.4; IR (KBr) ν 2959, 

2934, 2864, 1717, 1516, 1458, 1395, 1096, 1076, 1038, 837, 754 cm-1. HRMS (ESI-TOF) m/z: 

Calcd. for C25H32N3O3 [M+H]+: 422.2432; Found: 422.2425. 

  

N
N

O

N

H3CO

O

L3a: Light yellow solid, m.p. 145.9-150.6 oC, overall yield 62% (243.7 mg), >20:1 dr; 1H NMR 

(CD3OD, 600 MHz) δ: 1.25-1.32 (m, 1H), 1.42-1.52 (m, 2H), 1.61 (d, J = 13.2 Hz, 1H), 1.78-1.84 

(m, 1H), 1.89-1.94 (m, 2H), 2.32-1.41 (m, 2H), 2.44-2.50 (m, 1H), 3.38-3.41 (m, 1H), 3.43 (s, 3H), 

3.94-3.98 (m, 1H), 4.54 (d, J = 13.8 Hz, 1H), 4.61 (d, J = 13.8 Hz, 1H), 4.76-4.79 (m, 1H), 6.87 (s, 

1H), 7.18-7.21 (m, 1H), 7.31-7.34 (m, 2H), 7.44-7.46 (m, 2H), 7.48 (d, J = 7.8 Hz, 1H), 7.55 (d, J 

= 7.8 Hz, 1H), 7.83-7.86 (m, 1H); 13C NMR (CD3OD, 150 MHz) δ: 19.7, 23.8, 24.0, 24.5, 27.0, 

35.7, 57.7, 74.8, 75.6, 84.2, 84.3, 121.9, 122.2, 125.1, 126.5, 128.9, 135.0, 137.1, 150.7, 159.2, 

169.4; HRMS (ESI-TOF) m/z: Calcd. for C23H28N3O3 [M+H]+: 394.2125; Found: 394.2128.

3. The gram scale synthesis of the ligand L1a
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0.88 g, 3.6 mmol

0.41 g, 3.0 mmol

EtOH

reflux, 12 h+

1a (2S,3aS,7aS)

0.63 g, overall yield 55%,
>20:1 dr

L1a
2

3a

intermediate

1.5 eq m-CPBA

DCM, rt, 10 min

HN
N
H

O

Ph

N
N

O

N

N
N

O

NO

N
OOH

HO HO

In a sealed tube equipped with a magnetic stirring bar, bicyclic prolinamides 1 (0.88 g, 3.6 

mmol) and hydroxymethyl picolinaldehyde 2 (0.41 g, 3.0 mmol) were added. Then, ethanol (16.0 

mL) was added and the reaction was heated with stirring at reflux for 12 h. After completion of 

the reaction, as indicated by TLC, the aftertreatment residue was purified by flash column 

chromatography to give the intermediate 3. In a sealed tube equipped with a magnetic stirring bar, 

to the intermediate 3 was added 6.0 mL of DCM and m-CPBA (1.5 eq). The reaction mixture was 

stirred at rt for 10 min. After completion of the reaction, as indicated by TLC, the aftertreatment 

residue was purified by flash column chromatography to furnish the ligand L1a (0.63 g, overall 

yield 55%, >20:1 dr).

4. Table S1. Examination of the catalytic reactivity of ligands La

5a 6a
4a

N
H N

O

O

Bn N
H

N

HO

O

Bn

+
metal (5.0 mol%), L1 (6.0 mol%)

solvent, rt. 24 h

Entry Metal Ligand Solvent Yieldb (%) Eec

1 Ni(OTf)2 L1a DCM 81 76

2 Ni(OTf)2 L1b DCM 90 86

3 Ni(OTf)2 L1c DCM 80 79

4 Ni(OTf)2 L1d DCM 83 80

5 Ni(OTf)2 L1e DCM 84 79

6 Ni(OTf)2 L1f DCM 80 72

7 Ni(OTf)2 L1g DCM 79 51

8 Ni(OTf)2 L1h DCM 81 79

9 Ni(OTf)2 L1i DCM 88 80

10 Ni(OTf)2 L1j DCM 87 80

11 Zn(OTf)2 L1b DCM 81 65

12 Cu(OTf)2 L1b DCM 84 90

13 Co(OTf)2 L1b DCM 90 92

14 Co(OTf)2 L1b CHCl3 87 83

15 Co(OTf)2 L1b DCE 89 90

16 Co(OTf)2 L1b Toluene 88 89

17 Co(OTf)2 L1b THF <10 -
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18 Co(OTf)2 L1b CH3CN 71 64

19d Co(OTf)2 L1b DCM 90 90

20e Co(OTf)2 L1b DCM 86 83
a Reaction conditions: metal (5.0 mol %), ligand (6.0 mol %), 4a (0.30 mmol), and 5a (0.20 mmol) in 2.0 mL of 
solvent at rt. 
b Isolated yield after flash chromatography. 
c Determined by HPLC analysis. 
d1.0 mL of CH2Cl2. 
e 3.0 mL of CH2Cl2.

5. Catalytic asymmetric synthesis of compounds 6

Co(OTf)2 (5.0 mol%)
L1b (6.0 mol%)

DCM, rt. 24 h

5

4
N
H

+

N

O

O

Bn

Ar

R1

6
N
H

N

HO

O

Bn

Ar

R1

N
N

O

NO

HOL1b

F

In a sealed tube equipped with a stirring bar, to the mixture of Co(OTf)2 (5.0 mol %), L1b (6.0 

mol %) in 2.0 mL of DCM was added 4 (0.30 mmol), and 5 (0.20 mmol). The reaction mixture 

was stirred at room temperature for 24 h and was directly loaded onto a silica gel and purified by 

flash chromatography to give the desired product 6, using hexane/EtOAc (10/1, v/v) as the eluent.

N
H

N

HO

O

Bn

6a: Product in accordance with literature characterization data7a-g. 90% yield (70.9 mg), 92% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 10.74 min; τminor = 20.90 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.55-3.65 (m, 2H), 4.48-4.53 (m, 2H), 5.58 (s, 1H), 6.86-6.88 (m, 1H), 6.96 (d, J = 

2.4 Hz, 1H), 7.02-7.05 (m, 1H), 7.12 (d, J = 7.2 Hz, 2H), 7.15 (d, J = 7.8 Hz, 1H), 7.18-7.30 (m, 

8H), 7.33 (d, J = 8.4 Hz, 1H), 9.52 (br s, 1H), 10.92 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 

39.0, 46.0, 48.2, 112.0, 115.6, 118.9, 119.1, 121.6, 123.4, 123.9, 126.8, 126.9, 127.7, 128.5, 128.8, 

129.1, 136.9, 138.2, 142.5, 142.8, 167.3.

N
H

N

HO

O

Bn

F

6b: Product in accordance with literature characterization data7a-g. 89% yield (73.3 mg), 91% ee; 
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The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 10.28 min; τminor = 21.02 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.55-3.65 (m, 2H), 4.47-4.54 (m, 2H), 5.56 (s, 1H), 6.87-6.89 (m, 1H), 6.96 (s, 1H), 

7.03-7.05 (m, 1H), 7.08-7.15 (m, 5H), 7.23-7.30 (m, 5H), 7.33 (d, J = 8.4 Hz, 1H), 9.52 (br s, 1H), 

10.93 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 38.3, 46.0, 48.2, 112.1, 115.4 (d, JCF = 21.0 

Hz), 115.5, 119.0 (d, JCF = 6.1 Hz), 121.6, 123.1, 123.9, 126.7, 127.6, 127.7, 129.1, 130.2 (d, JCF 

= 9.0 Hz), 137.0, 138.2, 138.9, 142.6, 161.8 (d, JCF = 240.0 Hz), 167.3.

 N
H

N

HO

O

Bn
F

6c: Product in accordance with literature characterization data7a-g. 88% yield (72.5 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 9.84 min; τminor = 18.08 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.39-3.48 (m, 2H), 4.28-4.36 (m, 2H), 5.40 (s, 1H), 6.69-6.71 (m, 1H), 6.81-6.87 (m, 

4H), 6.91-6.94 (m, 3H), 6.98 (d, J = 7.8 Hz, 1H), 7.01-7.04 (m, 1H), 7.08-7.17 (m, 4H), 9.40 (br s, 

1H), 10.77 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 38.8, 46.0, 48.2, 112.1, 113.6 (d, JCF = 

21.2 Hz), 114.9, 115.1 (d, JCF = 21.1 Hz), 119.0, 119.1, 121.7, 122.7, 124.0, 124.6, 126.7, 127.7, 

129.1, 130.6 (d, JCF = 9.2 Hz), 136.9, 138.1, 142.8, 145.8 (d, JCF = 6.1 Hz), 162.6 (d, JCF = 243.1 

Hz), 162.8, 167.3.

N
H

N

HO

O

Bn

Cl

6d: Product in accordance with literature characterization data7a-g. 90% yield (77.0 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 10.23 min; τminor = 20.29 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.56-3.65 (m, 2H), 4.46-4.55 (m, 2H), 5.56 (s, 1H), 6.87-6.90 (m, 1H), 6.98 (d, J = 

2.4 Hz, 1H), 7.03-7.06 (m, 1H), 7.12-7.15 (m, 3H), 7.22-7.26 (m, 3H), 7.28-7.35 (m, 5H), 9.56 (br 

s, 1H), 10.95 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 38.5, 46.0, 48.2, 112.1, 115.1, 119.0, 

119.1, 121.7, 122.8, 124.0, 126.7, 127.7, 127.8, 128.7, 129.1, 130.3, 131.3, 137.0, 138.1, 141.9, 
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142.7, 167.3.

    N
H

N

HO

O

Bn

Br

6e: Product in accordance with literature characterization data7a-g. 90% yield (85.0 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 9.86 min; τminor = 22.15 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.58-3.67 (m, 2H), 4.49-4.55 (m, 2H), 5.57 (s, 1H), 6.89-6.91 (m, 1H), 7.01 (s, 1H), 

7.04-7.07 (m, 1H), 7.13 (d, J = 7.8 Hz, 2H), 7.19 (d, J = 7.8 Hz, 1H), 7.22-7.27 (m, 3H), 7.29-7.31 

(m, 2H), 7.35 (d, J = 8.4 Hz, 1H), 7.39-7.40 (m, 2H), 9.60 (br s, 1H), 10.98 (br s, 1H); 13C NMR 

(DMSO-d6, 150 MHz) δ: 38.7, 46.0, 48.3, 112.1, 114.8, 118.9, 119.1, 121.7, 122.1, 122.5, 124.1, 

126.7, 127.6, 127.7, 129.1, 129.7, 131.0, 136.9, 138.1, 142.9, 145.7, 162.8, 167.3.

    N
H

N

HO

O

Bn

CH3

6f: Product in accordance with literature characterization data7a-g. 87% yield (71.0 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 10.61 min; τminor = 21.98 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 2.24 (s, 3H), 3.53-3.64 (m, 2H), 4.47-4.53 (m, 2H), 5.53 (s, 1H), 6.85-6.88 (m, 1H), 

6.93 (s, 1H), 7.02-7.04 (m, 1H), 7.07 (d, J = 7.2 Hz, 2H), 7.11-7.14 (m, 5H), 7.21-7.24 (m, 1H), 

7.28-7.30 (m, 2H), 7.32 (d, J = 8.4 Hz, 1H), 9.48 (br s, 1H), 10.89 (br s, 1H); 13C NMR (DMSO-

d6, 150 MHz) δ: 21.1, 38.6, 45.9, 48.1, 112.0, 115.7, 118.9, 119.1, 121.5, 123.7, 123.8, 126.9, 

127.7, 127.8, 128.4, 129.1, 129.4, 135.7, 136.9, 138.2, 139.8, 142.4, 167.4.

    N
H

N

HO

O

Bn

F

F

6g: Product in accordance with literature characterization data7a-g. 85% yield (73.1 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 8.27 min; τminor = 13.32 min); 1H NMR (DMSO-d6, 



S12

600 MHz) δ: 3.57-3.67 (m, 2H), 4.49-4.57 (m, 2H), 5.53 (s, 1H), 6.96-6.92 (m, 2H), 7.08-7.14 (m, 

5H), 7.22-7.24 (m, 1H), 7.29-7.30 (m, 4H), 7.35-7.36 (m, 1H), 9.58 (br s, 1H), 11.08 (br s, 1H); 

13C NMR (DMSO-d6, 150 MHz) δ: 38.3, 46.0, 48.1, 103.6 (d, JCF = 22.5 Hz), 109.8 (d, JCF = 25.5 

Hz), 113.1 (d, JCF = 10.5 Hz), 115.5, 115.6, 115.7 (d, JCF = 4.5 Hz), 122.8, 126.0, 126.9 (d, JCF = 

9.0 Hz), 127.7 (d, JCF = 6.2 Hz), 129.0, 130.3 (d, JCF = 7.5 Hz), 133.6, 138.1, 138.6, 142.7, 157.2 

(d, JCF = 229.5 Hz), 161.2 (d, JCF = 240.1 Hz), 162.8, 167.3.

       N
H

N

HO

O

Bn

Cl

F

6h: Product in accordance with literature characterization data7a-g. 86% yield (76.7 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 8.43 min; τminor = 13.80 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.58-3.67 (m, 2H), 4.48-4.57 (m, 2H), 5.53 (s, 1H), 6.87-6.92 (m, 2H), 7.10 (s, 1H), 

7.14 (d, J = 7.2 Hz, 2H), 7.22-7.25 (m, 1H), 7.27-7.31 (m, 4H), 7.34-7.37 (m, 3H), 9.60 (br s, 1H), 

11.09 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 38.4, 46.0, 48.2, 103.6 (d, JCF = 24.0 Hz), 

109.8 (d, JCF = 25.5 Hz), 113.1 (d, JCF = 9.2 Hz), 115.4 (d, JCF =3.1 Hz), 122.4, 126.1, 126.9 (d, 

JCF = 9.3 Hz), 127.7, 127.8, 128.8, 129.1, 130.4, 131.4, 133.6, 138.1, 141.5, 142.8, 157.2 (d, JCF = 

229.5 Hz), 162.8, 167.2.

       N
H

N

HO

O

Bn

Br

F

6i: Product in accordance with literature characterization data7a-g. 88% yield (86.2 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 8.62 min; τminor = 13.73 min); 1H NMR (DMSO-d6, 

600 MHz) δ: 3.58-3.67 (m, 2H), 4.48-4.58 (m, 2H), 5.52 (s, 1H), 6.88-6.93 (m, 2H), 7.10 (s, 1H), 

7.14 (d, J = 7.2 Hz, 2H), 7.21-7.25 (m, 3H), 7.29-7.31 (m, 2H), 7.35-7.37 (m, 1H), 7.47 (d, J = 7.8 

Hz, 2H), 9.61 (br s, 1H), 11.10 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 38.5, 46.0, 48.2, 

103.6, 109.8, 113.1, 115.3, 119.9, 122.3, 126.1, 126.9, 127.7, 129.1, 130.8, 131.7, 133.6, 138.1, 
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141.9, 142.8, 157.2, 162.8, 167.3.

       N
H

N

HO

O

Bn

CH3

H3C

6j: Product in accordance with literature characterization data7a-g. 86% yield (72.6 mg), 99% ee; 

The ee was determined by HPLC analysis using a Chiralpak IC column (60/40 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 7.12 min; τminor = 9.98 min); 1H NMR (DMSO-d6, 600 

MHz) δ: 3.51-3.62 (m, 2H), 4.45-4.50 (m, 2H), 5.50 (s, 1H), 6.69 (d, J = 8.4 Hz, 1H), 6.83 (s, 1H), 

6.99 (d, J = 8.4 Hz, 1H), 7.06 (d, J = 7.2 Hz, 2H), 7.09-7.12 (m, 5H), 7.21-7.25 (m, 1H), 7.28-7.30 

(m, 2H), 9.46 (br s, 1H), 10.72 (br s, 1H); 13C NMR (DMSO-d6, 150 MHz) δ: 21.1, 21.8, 38.6, 

45.9, 48.1, 111.8, 115.5, 118.9, 120.7, 123.1, 123.8, 124.8, 127.7, 127.8, 128.3, 129.1, 129.3, 

130.6, 135.7, 137.4, 138.2, 139.8, 142.3, 167.4.

  6. Catalytic asymmetric synthesis of compounds 8

7

8

4
N
H

+
O

O
Ar

N
H

ArCo(OTf)2 (5.0 mol%)
L1b (6.0 mol%)

DCM, rt. 24 h

R1

OEt

O OEt

O

R1

N
N

O

NO

HOL1b

F

In a sealed tube equipped with a stirring bar, to the mixture of Co(OTf)2 (5.0 mol %), L1b (6.0 

mol %) in 2.0 mL of DCM was added 4 (0.30 mmol), and 7 (0.20 mmol). The reaction mixture 

was stirred at room temperature for 24 h and was directly loaded onto a silica gel and purified by 

flash chromatography to give the desired product 8, using hexane/EtOAc (10/1, v/v) as the eluent.

N
H

O OEt

O

8a: Product in accordance with literature characterization data7h-n. 81% yield (52.0 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (95/5 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 41.49 min; τminor = 32.16 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.24-1.26 (m, 3H), 3.57-3.61 (m, 1H), 3.64-3.68 (m, 1H), 4.17-4.22 (m, 2H), 4.90-4.92 
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(m, 1H), 6.98 (s, 1H), 7.00-7.02 (m, 1H), 7.12-7.17 (m, 2H), 7.23-7.32 (m, 5H), 7.41 (d, J = 7.8 

Hz, 1H), 8.03 (br s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 37.8, 45.6, 62.5, 111.2, 118.3, 

119.4, 119.5, 121.6, 122.2, 126.4, 126.6, 127.8, 128.5, 136.5, 143.2, 161.0, 193.1.

N
H

O OEt

O

F

8b: Product in accordance with literature characterization data7h-n. 78% yield (52.9 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak ID column (95/5 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 19.72 min; τminor = 16.58 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.27-1.29 (m, 3H), 3.55-3.59 (m, 1H), 3.64-3.68 (m, 1H), 4.21-4.25 (m, 2H), 4.90-4.93 

(m, 1H), 6.85-6.88 (m, 1H), 6.99-7.05 (m, 3H), 7.12-7.17 (m, 2H), 7.20-7.22 (m, 1H), 7.32 (d, J = 

8.4 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 8.06 (br s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 37.4, 

45.4, 62.6, 111.3, 113.5 (d, JCF = 21.1 Hz), 114.7 (d, JCF = 21.0 Hz), 117.7, 119.3, 119.7, 121.6, 

122.5, 123.5, 126.3, 130.0 (d, JCF = 7.5 Hz), 136.6, 146.0 (d, JCF = 6.2 Hz), 160.9, 162.8 (d, JCF = 

244.5 Hz), 192.7.

N
H

O OEt

O

F

F

8c: Product in accordance with literature characterization data7h-n. 78% yield (55.7 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (95/5 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 35.99 min; τminor = 28.14 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.29-1.31 (m, 3H), 3.53-3.67 (m, 1H), 3.62-3.66 (m, 1H), 4.22-4.27 (m, 2H), 4.82-4.85 

(m, 1H), 6.87-6.92 (m, 2H), 6.96-7.02 (m, 2H), 7.11 (s, 2H), 7.22-7.26 (m, 2H), 8.10 (br s, 1H); 

13C NMR (CDCl3, 150 MHz) δ: 13.9, 37.3, 45.3, 62.7, 104.2 (d, JCF = 24.0 Hz), 110.9 (d, JCF = 

27.1 Hz), 111.9 (d, JCF = 9.1 Hz), 113.7 (d, JCF = 21.0 Hz), 114.7 (d, JCF = 21.2 Hz), 117.8 (d, JCF 

= 4.5 Hz), 123.2, 123.4 (d, JCF = 3.2 Hz), 126.6 (d, JCF = 9.2 Hz), 130.1 (d, JCF = 7.5 Hz), 133.1, 

145.6 (d, JCF = 7.5 Hz), 157.6 (d, JCF = 234.2 Hz), 160.8, 162.9 (d, JCF = 244.5 Hz), 192.5.
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N
H

O OEt

O

Br

Cl

8d: Product in accordance with literature characterization data7h-n. 85% yield (73.6 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IE column (95/5 hexane/i-PrOH; flow 

rate: 1.0 mL/min; λ = 254 nm; τmajor = 21.50 min; τminor = 29.59 min); 1H NMR (CDCl3, 600 MHz) 

δ: 1.29-1.31 (m, 3H), 3.52-3.56 (m, 1H), 3.61-3.65 (m, 1H), 4.23-4.26 (m, 2H), 4.82-4.84 (m, 1H), 

6.99 (d, J = 9.0 Hz, 1H), 7.05 (s, 1H), 7.17 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.4 Hz, 1H), 7.33 (s, 

1H), 7.38 (d, J = 7.8 Hz, 2H), 8.04 (br s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 37.0, 45.2, 

62.7, 111.2, 118.1, 120.2, 120.5, 122.0, 124.8, 128.7, 129.5, 131.7, 137.0, 142.1, 160.8, 192.5.

N
H

O OEt

O
H3C

8e: Product in accordance with literature characterization data7h-n. 80% yield (53.6 mg), 91% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (90/10 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 18.27 min; τminor = 12.69 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.22-1.25 (m, 3H), 2.50 (s, 3H), 3.47-3.51 (m, 1H), 3.54-3.59 (m, 1H), 4.17-4.21 (m, 2H), 

5.27-5.29 (m, 1H), 6.74 (d, J = 7.2 Hz, 1H), 6.99-7.02 (m, 2H), 7.12-7.15 (m, 2H), 7.22-7.24 (m, 

4H), 8.16 (br s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 20.7, 38.6, 47.5, 62.5, 109.1, 118.5, 

121.4, 122.2, 122.4, 125.4, 126.5, 128.0, 128.6, 131.0, 137.0, 144.6, 161.2, 193.2.

N
H

O OEt

O
H3C

F

8f: Product in accordance with literature characterization data7h-n. 86% yield (60.7 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (95/5 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 27.95 min; τminor = 22.15 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.24-1.27 (m, 3H), 2.50 (s, 3H), 3.44-3.48 (m, 1H), 3.55-3.60 (m, 1H), 4.20-4.23 (m, 2H), 

5.27-2.30 (m, 1H), 6.76 (d, J = 7.2 Hz, 1H), 6.83-6.86 (m, 1H), 6.90 (d, J = 10.2 Hz, 1H), 7.01-

7.05 (m, 3H), 7.14 (d, J = 7.8 Hz, 1H), 7.18-7.22 (m, 1H), 8.18 (br s, 1H); 13C NMR (CDCl3, 150 
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MHz) δ: 13.9, 20.7, 38.2, 47.2, 62.6, 109.2, 113.4 (d, JCF = 21.0 Hz), 114.8 (d, JCF = 21.1 Hz), 

117.9, 121.6, 122.1, 122.6, 123.7, 125.2, 130.0 (d, JCF = 7.5 Hz), 130.9, 137.0, 147.4 (d, JCF = 7.5 

Hz), 161.0, 162.8 (d, JCF = 244.5 Hz), 192.7.

N
H

O OEt

O

Cl

Cl

H3C

8g: Product in accordance with literature characterization data7h-n. 86% yield (69.3 mg), 90% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (95/5 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 31.11 min; τminor = 28.64 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.27-1.29 (m, 3H), 2.37 (s, 3H), 3.32-3.36 (m, 1H), 3.52-3.56 (m, 1H), 4.23-4.27 (m, 2H), 

5.73-5.75 (m, 1H), 6.75 (d, J = 7.2 Hz, 1H), 6.86-6.88 (m, 1H), 6.98-7.04 (m, 3H), 7.16 (d, J = 8.4 

Hz, 1H), 7.30-7.32 (m, 1H), 8.15 (br s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 19.8, 36.5, 44.6, 

62.6, 109.2, 116.6, 121.6, 122.7, 122.8, 125.3, 127.5, 127.8, 128.8, 131.0, 133.4, 137.2, 144.5, 

161.1, 192.5.

N
H

O OEt

O

H3CO

8h: Product in accordance with literature characterization data7h-n. 80% yield (56.2 mg), 96% ee; 

The ee was determined by HPLC analysis using a Chiralpak IE column (95/5 hexane/i-PrOH; flow 

rate: 1.0 mL/min; λ = 254 nm; τmajor = 47.99 min; τminor = 38.37 min); 1H NMR (CDCl3, 600 MHz) 

δ: 1.25-1.27 (m, 3H), 3.56-3.60 (m, 1H), 3.63-3.67 (m, 1H), 3.73 (s, 3H), 4.19-4.23 (m, 2H), 4.84-

4.87 (m, 1H), 6.79-6.81 (m, 1H), 6.82 (s, 1H), 6.98 (d, J = 1.2 Hz, 1H), 7.16-7.18 (m, 2H), 7.24-

7.27 (m, 2H), 7.32 (d, J = 7.2 Hz, 2H), 7.96 (br s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 37.8, 

45.6, 55.8, 62.5, 101.4, 111.9, 112.3, 126.6, 126.9, 127.8, 128.6, 131.7, 143.2, 153.9, 161.0, 193.2.

N
H

O OEt

O

Cl

H3CO

8i: Product in accordance with literature characterization data7h-n. 79% yield (60.8 mg), 92% ee; 

The ee was determined by HPLC analysis using a Chiralpak ID column (90/10 hexane/i-PrOH; 
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flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 22.96 min; τminor = 15.81 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.28-1.30 (m, 3H), 3.53-3.57 (m, 1H), 3.61-3.65 (m, 1H), 3.75 (s, 3H), 4.22-4.25 (m, 2H), 

4.82-4.84 (m, 1H), 6.78 (s, 1H), 6.82 (d, J = 9.0 Hz, 1H), 7.00 (s, 1H), 7.20-7.26 (m, 5H), 7.96 (br 

s, 1H); 13C NMR (CDCl3, 150 MHz) δ: 13.9, 37.1, 45.4, 55.9, 62.6, 101.3, 111.9, 112.4, 117.6, 

122.2, 126.7, 128.7, 129.2, 131.7, 132.3, 141.8, 154.0, 160.9, 192.8.

N
H

O OEt

O

Cl

Cl

H3CO

8j: Product in accordance with literature characterization data7h-n. 80% yield (67.0 mg), 93% ee; 

The ee was determined by HPLC analysis using a Chiralpak IA column (85/15 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; τmajor = 19.08 min; τminor = 10.38 min); 1H NMR (CDCl3, 600 

MHz) δ: 1.29-1.31 (m, 3H), 3.44-3.48 (m, 1H), 3.68-3.72 (m, 1H), 3.77 (s, 3H), 4.24-4.28 (m, 2H), 

5.40-5.43 (m, 1H), 6.82 (d, J = 9.0 Hz, 1H), 6.85 (s, 1H), 7.03 (s, 1H), 7.05-7.08 (m, 1H), 7.12 (d, 

J = 7.8 Hz, 1H), 7.21 (d, J = 9.0 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.98 (br s, 1H); 13C NMR 

(CDCl3, 150 MHz) δ: 13.9, 35.1, 44.4, 55.9, 62.6, 101.2, 111.9, 112.6, 116.4, 122.7, 126.8, 127.2, 

127.3, 128.8, 131.6, 131.9, 133.4, 143.0, 154.1, 160.9, 192.3.

7. Control experiments and HPLC spectra for compound 6a

In a sealed tube equipped with a stirring bar, to the mixture of Co(OTf)2 (5.0 mol %), L (6.0 

mol %) in 2.0 mL of DCM was added 4a (0.30 mmol), and 5a (0.20 mmol). The reaction mixture 

was stirred at room temperature for 24 h and was directly loaded onto a silica gel and purified by 

flash chromatography to give the product 6a, using hexane/EtOAc (10/1, v/v) as the eluent.

Co(OTf)2 (5.0 mol%)
L (6.0 mol%)

DCM, rt, 24 h
6aN

H

N

HO

O

Bn

Ph

5a4a

N
H

+
N

O

O

Bn

Ph

3a

6a: 82% yield, 77% ee

N
N

O

N

HO L2a

6a: 86% yield, 68% ee

N
N

O

NO

H3CL1a

6a: 88% yield, 90% ee

N
N

O

NO

HO L3a

6a: 81% yield, 54% ee

N
N

O

N

H3CO

O
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L1a

N
N

O

NO

HO

6a: 88% yield, 90% ee

3a

N
N

O

N

HO

6a: 82% yield, 77% ee

L2a

N
N

O

NO

H3C

6a: 86% yield, 68% ee
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9. The copies of 1H NMR, 13C NMR and HPLC spectra for compounds 3a, L, 6 and 8
1H and 13C NMR of 3a

N
N

O

N

HO

N
N

O

N

HO
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HRMS of 3a
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1H and 13C NMR of L1a

N
N

O

NO

HO

N
N

O

NO

HO
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HRMS of L1a

IR of L1a
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1H and 13C NMR of L1b

N
N

O

NO

HO

F

N
N

O

NO

HO

F
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HRMS of L1b

IR of L1b
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1H and 13C NMR of L1c
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HO

Br
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Br
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HRMS of L1c

IR of L1c
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1H and 13C NMR of L1d
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HRMS of L1d

IR of L1d
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1H and 13C NMR of L1e
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Cl
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HRMS of L1e

IR of L1e
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1H and 13C NMR of L1f
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N

O

NO

HO

CH3
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N

O

NO

HO

CH3
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HRMS of L1f

IR of L1f
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1H and 13C NMR of L1g
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HO

H3C
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H3C
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HRMS of L1g

IR of L1g
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1H and 13C NMR of L1h
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OCH3
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OCH3
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HRMS of L1h

IR of L1h
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1H and 13C NMR of L1i
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Et
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HRMS of L1i

IR of L1i
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1H and 13C NMR of L1j

N
N

O

NO

HO

N
N

O

NO

HO



S41

HRMS of L1j

IR of L1j
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1H and 13C NMR of L3a
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HRMS of L3a
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1H and 13C NMR of 6a
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HPLC of 6a
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1H and 13C NMR of 6b
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HPLC of 6b
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1H and 13C NMR of 6c
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HPLC of 6c



S50

1H and 13C NMR of 6d
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HPLC of 6d
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1H and 13C NMR of 6e
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HPLC of 6e
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1H and 13C NMR of 6f
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H

N

HO

O

Bn

CH3

N
H

N

HO

O

Bn

CH3
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HPLC of 6f
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1H and 13C NMR of 6g
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HPLC of 6g



S58

1H and 13C NMR of 6h
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HPLC of 6h
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1H and 13C NMR of 6i
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HPLC of 6i
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1H and 13C NMR of 6j
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HPLC of 6j
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1H and 13C NMR of 8a
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HPLC of 8a



S66

1H and 13C NMR of 8b
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HPLC of 8b
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1H and 13C NMR of 8c
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HPLC of 8c
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1H and 13C NMR of 8d
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HPLC of 8d
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1H and 13C NMR of 8e
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HPLC of 8e

1H and 13C NMR of 8f
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HPLC of 8f
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1H and 13C NMR of 8g
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HPLC of 8g
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1H and 13C NMR of 8h
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HPLC of 8h
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1H and 13C NMR of 8i
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HPLC of 8i
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 1H and 13C NMR of 8j
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HPLC of 8j


