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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. 'H and
I3CNMR spectra were obtained using a Bruker DPX-600 spectrometer. 'H NMR chemical shifts
are reported in ppm (0) 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. '*C NMR chemical
shifts are reported in ppm (J) 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

N \
1 H  HN-Ar
1.5 eq m-CPBA
+ EtOH reflux , AN
OH (e} N
N | = DCM, rt, 10 min

=z 2

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.

LA

N

N N
N~
HO

3a: Light yellow solid, yield 85% (308.6 mg), >20:1 dr; '"H NMR (CDCls, 600 MHz) §: 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, /= 7.8 Hz,
2H), 7.63-7.65 (m, 1H); 3C NMR (CDCl;, 150 MHz) ¢: 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 CyHyeN3O, [M+H]*: 364.2020; Found: 364.2027.

L1a: Light yellow solid, m.p. 162.9-163.3 °C, overall yield 60% (227.4 mg), 20:1 dr; 'H NMR
(CD;0D, 600 MHz) ¢: 1.11-1.18 (m, 1H), 1.28-1.41 (m, 2H), 1.48 (d, /= 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, C;-H), 4.53-4.62 (m, 2H, Cy-H), 4.68-4.71 (m, 1H, Cs-H), 6.72
(s, 1H, Cyp-H), 7.05-7.08 (m, 1H, Cy4-H), 7.18-7.20 (m, 2H, C3-H), 7.31-7.32 (m, 2H, C;,-H),
7.38-7.40 (m, 2H, C4-H, Cs-H), 7.69-7.72 (m, 1H, C;;-H); 3C NMR (CD;0D, 150 MHz) d: 19.8,
23.8, 24.0, 24.5, 27.0 (Cy), 35.7 (Cs), 64.7 (Cy), 75.6 (C)), 84.2 (Cy), 84.3 (Cy), 121.3, 122.2,
124.7,126.5, 128.9 (Cy3), 135.0 (Cyy), 137.1 (Cy7), 150.6 (Cy5), 161.7 (Cy9), 169.4 (Cy); IR (KBr) v
2936, 2860, 1717, 1597, 1498, 1394, 761, 690 cm''. HRMS (ESI-TOF) m/z: Caled. for

CaoHoeN;303 [M+H]*: 380.1969; Found: 380.1960.

L1b: Light yellow solid, m.p. 170.2-170.9 °C, overall yield 58% (230.3 mg), 17:1 dr; '"H NMR
(CD;0D, 600 MHz) ¢: 1.14-1.21 (m, 1H), 1.30-1.43 (m, 2H), 1.50 (d, /= 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); 3C NMR (CD;0OD, 150 MHz) §: 19.7,
23.8,24.0,24.5,26.9,35.7,64.7,75.5, 84.2, 84.5, 115.6 (d, Jcr = 22.5 Hz), 121.4, 124.8, 124.9 (d,

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

C22H25FN303 [M+H]+: 3981874, Found: 398.1873.

L1c: Light yellow solid, m.p. 185.3-186.0 °C, overall yield 61% (278.8 mg), 17:1 dr; '"H NMR
(CD;0D, 600 MHz) ¢: 1.13-1.17 (m, 1H), 1.30-1.36 (m, 2H), 1.49 (d, /= 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); *C NMR (CD;OD, 150 MHz) ¢: 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) v 2934, 2858, 1719, 1492, 1386, 1076, 827 cm'!. HRMS (ESI-TOF)

m/z: Calcd. for Cp,HysBrN;O; [M+H]*: 458.1074; Found: 458.1074.

L1d: Light yellow solid, m.p. 158.9-159.4 °C, overall yield 55% (251.4 mg), 17:1 dr; '"H NMR
(CD;0D, 600 MHz) ¢: 1.22-1.26 (m, 1H), 1.41-1.45 (m, 2H), 1.58 (d, /= 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); '3C NMR (CD;0D, 150
MHz) 6: 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) v 2932, 2859, 1719, 1591, 1479, 1386,

1076, 1038, 779, 752, 691 cm’'. HRMS (ESI-TOF) m/z: Caled. for C,,H,sBrN;O; [M+H]*:

458.1064; Found: 458.1053.
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L1le: Light yellow solid, m.p. 153.7-154.3 °C, overall yield 52% (214.8 mg), 16:1 dr; '"H NMR
(CD;0D, 600 MHz) J: 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);
3C NMR (CD;0D, 150 MHz) ¢: 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) v 2932, 2859,
1719, 1595, 1483, 1386, 1096, 1076, 1038, 779, 781, 752 cm-'. HRMS (ESI-TOF) m/z: Calcd. for

CH,5CIN;O3 [M+H]*: 414.1576; Found: 414.1562.

L1f: Light yellow solid, m.p. 154.9-155.7 °C, overall yield 61% (239.7 mg), 18:1 dr; '"H NMR
(CD;0D, 600 MHz) ¢: 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); *C NMR (CD;0D, 150 MHz) §: 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) v 2936, 2860,
1719, 1516, 1395, 1076, 1038, 814, 770, 752 cm’l. HRMS (ESI-TOF) m/z: Caled. for Cp3HygN303

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

L1g: Light yellow solid, m.p. 147.1-147.6 °C, overall yield 53% (208.3 mg), 16:1 dr; '"H NMR
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(CD;0D, 600 MHz) &: 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); 3C NMR (CD;OD, 150 MHz) :
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) v 2930, 2858, 1719, 1495, 1460, 1400,

1078, 1036, 768, 743, 718 cm™!. HRMS (ESI-TOF) m/z: Calcd. for Cp3HpgN3O; [M+H]": 394.2121;

3 Cr
N

" ’\g;
HO

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

Found: 394.2108.

OCH;

(CD;0D, 600 MHz) J: 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, ] = 7.8 Hz, 1H), 7.50 (d, ] = 7.8
Hz, 1H), 7.78-7.81 (m, 1H); 3C NMR (CD;0D, 150 MHz) &: 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) v 2936, 2860, 1715, 1514, 1458, 1398, 1252, 1034, 835, 801 cm''. HRMS (ESI-TOF)

m/z: Calcd. for Cp3HpgN3O4 [M+H]*: 410.2074; Found: 410.2065.

[o} @/Et
N

N,

o-

i '\?
HO

L1i: Light yellow solid, m.p. 156.2-156.9 °C, overall yield 54% (219.8 mg), 16:1 dr; '"H NMR
(CD;0D, 600 MHz) ¢: 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-
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7.82 (m, 1H); 3C NMR (CD;0D, 150 MHz) §: 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) v
2963, 2934, 2860, 1719, 1516, 1458, 1395, 1076, 1038, 837, 766, 752 cm''. HRMS (ESI-TOF)

m/z: Calcd. for CpH3oN3O05 [M+H]*: 408.2282; Found: 408.2272.

o /@A
N

<
HO

L1j: Light yellow solid, m.p. 150.6-151.2 °C, overall yield 59% (248.4 mg), 20:1 dr; '"H NMR
(CD;0D, 600 MHz) ¢: 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); BC NMR (CD;0D, 150 MHz) ¢: 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) v 2959,
2934, 2864, 1717, 1516, 1458, 1395, 1096, 1076, 1038, 837, 754 cm’. HRMS (ESI-TOF) m/z:

Caled. for CysH3oN305 [M+H]*: 422.2432; Found: 422.2425.

L3a: Light yellow solid, m.p. 145.9-150.6 °C, overall yield 62% (243.7 mg), >20:1 dr; 'H NMR
(CD;0D, 600 MHz) ¢: 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); '*C NMR (CD;0D, 150 MHz) J: 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 Cy3H,sN305 [M+H]*: 394.2125; Found: 394.2128.

3. The gram scale synthesis of the ligand L1a
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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

o]
H HN-Ph
1a (2S,3aS,7aS)
0.88 g, 3.6 mmol

N

N

Z 2

0.41 g, 3.0 mmol

yield 55%, >20:1 dr).

3 5,0
Q .
EtOH ’JN N
—_— N—,. 1.5 eq m-CPBA H //,/ N
. reflux, 12 h | N —— o N _
OH o 3a N~ DCM, rt, 10 min
HO

HO
L1a

intermediate 0.63 g, overall yield 55%,

>20:1dr

4. Table S1. Examination of the catalytic reactivity of ligands L*

@

n
|
N

o]
N
H N
Bn
4a 5a

O
5.0 mol%), L1 (6.0 mol%) HO O
N\
solvent, rt. 24 h N
H

6a

Entry Metal Ligand Solvent Yield? (%) Ee¢
1 Ni(OTf) Lla DCM 81 76
2 Ni(OTf), L1b DCM 90 86
3 Ni(OTf), Llc DCM 80 79
4 Ni(OTf) L1d DCM 83 80
5 Ni(OTf) Lle DCM 84 79
6 Ni(OTf) Lif DCM 80 72
7 Ni(OTf), Lig DCM 79 51
8 Ni(OTf) L1h DCM 81 79
9 Ni(OTf) L1i DCM 88 80
10 Ni(OTf) L1j DCM 87 80
11 Zn(OTH), L1b DCM 81 65
12 Cu(OTH), L1b DCM 84 90
13 Co(OTH), L1b DCM 90 92
14 Co(OTH), L1b CHCl; 87 83
15 Co(OTH), L1b DCE 89 90
16 Co(OT9), L1b Toluene 88 89
17 Co(OTH), L1b THF <10 -
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18 Co(OTf), L1b CH:CN 71 64
19¢ Co(OTf), L1b DCM 90 90
20¢ Co(OTf), L1b DCM 86 83

@ 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.

¢ Determined by HPLC analysis.

dl .0 mL of CHzClz

¢3.0 mL of CH,Cl,.

5. Catalytic asymmetric synthesis of compounds 6

/@fF
Co(OTf (5.0 mol%)
0 L1b(60mo|/ HJ /,,‘ X
S
~ DCM, rt. 24 h R N NZ
Ar o Z~N
H
6

L1b HO

In a sealed tube equipped with a stirring bar, to the mixture of Co(OTf), (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.

Bn

oN

HO a O
L
N

6a: Product in accordance with literature characterization data’2. 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; A = 254 nm; T4 = 10.74 min; T, = 20.90 min); 'H NMR (DMSO-dy,
600 MHz) o: 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); 3C NMR (DMSO-d;, 150 MHz) J:
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.

6b: Product in accordance with literature characterization data’2. 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; A = 254 nm; Ty = 10.28 min; Ty = 21.02 min); 'H NMR (DMSO-dy,
600 MHz) o: 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, /= 8.4 Hz, 1H), 9.52 (br s, 1H),
10.93 (br s, 1H); *C NMR (DMSO-ds, 150 MHz) ¢: 38.3, 46.0, 48.2, 112.1, 115.4 (d, Jcr=21.0
Hz), 115.5, 119.0 (d, Jcr = 6.1 Hz), 121.6, 123.1, 123.9, 126.7, 127.6, 127.7, 129.1, 130.2 (d, Jcr

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

HO - O

CL

N

H
6¢: Product in accordance with literature characterization data’>¢. 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; A = 254 nm; Ty = 9.84 min; Ty, = 18.08 min); '"H NMR (DMSO-dy,
600 MHz) ¢: 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, /= 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); *C NMR (DMSO-ds, 150 MHz) J: 38.8, 46.0, 48.2, 112.1, 113.6 (d, Jor =
21.2 Hz), 114.9, 115.1 (d, Jcr = 21.1 Hz), 119.0, 119.1, 121.7, 122.7, 124.0, 124.6, 126.7, 127.7,
129.1, 130.6 (d, Jcr = 9.2 Hz), 136.9, 138.1, 142.8, 145.8 (d, Jcr = 6.1 Hz), 162.6 (d, Jor = 243.1

Hz), 162.8, 167.3.

6d: Product in accordance with literature characterization data’2. 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; A = 254 nm; T, = 10.23 min; Tyime- = 20.29 min); 'H NMR (DMSO-dg,
600 MHz) o: 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); 3C NMR (DMSO-d,;, 150 MHz) J: 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.

6e: Product in accordance with literature characterization data’2. 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; A = 254 nm; Tygjor = 9.86 min; Tyiner = 22.15 min); 'H NMR (DMSO-dy,
600 MHz) ¢: 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-dg4, 150 MHz) ¢: 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.

HO

C
N
H

6f: Product in accordance with literature characterization data’€. 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; A = 254 nm; 1,40 = 10.61 min; Tyn = 21.98 min); 'H NMR (DMSO-d,
600 MHz) o: 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); *C NMR (DMSO-
ds, 150 MHz) ¢: 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.

6g: Product in accordance with literature characterization data’2. 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; A = 254 nm; T,,4j0 = 8.27 MiN; Typiner = 13.32 min); 'H NMR (DMSO-d,
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600 MHz) 6: 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,
S5H), 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-dj, 150 MHz) 6: 38.3, 46.0, 48.1, 103.6 (d, Jcr = 22.5 Hz), 109.8 (d, Jep = 25.5
Hz), 113.1 (d, Jor = 10.5 Hz), 115.5, 115.6, 115.7 (d, Jer = 4.5 Hz), 122.8, 126.0, 126.9 (d, Jor =
9.0 Hz), 127.7 (d, Jop = 6.2 Hz), 129.0, 130.3 (d, Jor = 7.5 Hz), 133.6, 138.1, 138.6, 142.7, 157.2

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

6h: Product in accordance with literature characterization data’2. 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; A = 254 nm; Ty = 8.43 Min; Tpyimor = 13.80 min); 'H NMR (DMSO-dg,
600 MHz) o: 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=17.2 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); *C NMR (DMSO-ds, 150 MHz) J: 38.4, 46.0, 48.2, 103.6 (d, Jcr = 24.0 Hz),
109.8 (d, Jor = 25.5 Hz), 113.1 (d, Jor = 9.2 Hz), 115.4 (d, Jor =3.1 Hz), 122.4, 126.1, 126.9 (d,
Jer=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, Jcr =

229.5 Hz), 162.8, 167.2.

6i: Product in accordance with literature characterization data’¢. 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; A = 254 nm; Ty = 8.62 min; Tyiner = 13.73 min); '"H NMR (DMSO-dy,
600 MHz) ¢: 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); 3C NMR (DMSO-d,, 150 MHz) J: 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.

6j: Product in accordance with literature characterization data’$. 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; A = 254 nm; Tygjr = 7.12 Min; Tyiner = 9.98 min); 'H NMR (DMSO-d;;, 600
MHz) J: 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); 3C NMR (DMSO-ds, 150 MHz) d: 21.1, 21.8, 38.6,
459, 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

Co(OTf), (5.0 mol%)

L1b(60mo|/
N o '-,_
Z~N N =
H

4
+
9 o DCM, tt. 24 h
Ar/\)kf
L1b HO

In a sealed tube equipped with a stirring bar, to the mixture of Co(OTf), (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.

Q_

N

H

8a: Product in accordance with literature characterization data’™™". 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; A = 254 nm; T, = 41.49 min; 7,0, = 32.16 min); 'H NMR (CDCl;, 600

MHz) 6: 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, SH), 7.41 (d, J = 7.8
Hz, 1H), 8.03 (br s, 1H); 3C NMR (CDCls, 150 MHz) J: 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.

F

Q.

Iz __ o~
O.
o
m

8b: Product in accordance with literature characterization data™". 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; A = 254 nm; Tyg0r = 19.72 min; Tyine- = 16.58 min); 'H NMR (CDCls, 600
MHz) ¢: 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 (CDCl;, 150 MHz) d: 13.9, 37.4,
45.4, 62.6, 111.3, 113.5 (d, Jor = 21.1 Hz), 114.7 (d, Jor = 21.0 Hz), 117.7, 119.3, 119.7, 121.6,
122.5,123.5, 126.3, 130.0 (d, Jor = 7.5 Hz), 136.6, 146.0 (d, Jor = 6.2 Hz), 160.9, 162.8 (d, Jor =

244.5 Hz), 192.7.

8c: Product in accordance with literature characterization data’". 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; A = 254 nm; Ty40- = 35.99 min; Ty, = 28.14 min); 'H NMR (CDCl;, 600
MHz) ¢: 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);
3C NMR (CDCls, 150 MHz) d: 13.9, 37.3, 45.3, 62.7, 104.2 (d, Jcr = 24.0 Hz), 110.9 (d, Jor =
27.1 Hz), 111.9 (d, Jor = 9.1 Hz), 113.7 (d, Jcr = 21.0 Hz), 114.7 (d, Jor = 21.2 Hz), 117.8 (d, Jcr
=4.5 Hz), 123.2, 123.4 (d, Jcr = 3.2 Hz), 126.6 (d, Jcr = 9.2 Hz), 130.1 (d, Jcr = 7.5 Hz), 133.1,

145.6 (d, Jor = 7.5 Hz), 157.6 (d, Jor = 234.2 Hz), 160.8, 162.9 (d, Jor = 244.5 Hz), 192.5.
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8d: Product in accordance with literature characterization data™". 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; A = 254 nm; T4 = 21.50 min; Ty = 29.59 min); 'H NMR (CDCl;, 600 MHz)
0: 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); 3C NMR (CDCl;, 150 MHz) ¢: 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.

a_,

HiC

8e: Product in accordance with literature characterization data’". 80% yield (53.6 mg), 91% ee;

Iz __

The ee was determined by HPLC analysis using a Chiralpak IA column (90/10 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Ty = 18.27 min; Ty, = 12.69 min); 'H NMR (CDCl;, 600
MHz) ¢: 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); 3C NMR (CDCl;, 150 MHz) J: 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.

8f: Product in accordance with literature characterization data™, 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; A = 254 nm; Tygor = 27.95 mMin; Tyyiner = 22.15 min); 'H NMR (CDCls, 600
MHz) J: 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); '3C NMR (CDCl;, 150
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MHz) é: 13.9, 20.7, 38.2, 47.2, 62.6, 109.2, 113.4 (d, Jor = 21.0 Hz), 114.8 (d, Jor = 21.1 Hz),
117.9, 121.6, 122.1, 122.6, 123.7, 125.2, 130.0 (d, Jcr = 7.5 Hz), 130.9, 137.0, 147.4 (d, Jcr= 7.5
Hz), 161.0, 162.8 (d, Jor = 244.5 Hz), 192.7.

Cl

Qe
HiC 7
N
H

8g: Product in accordance with literature characterization data’™". 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; A = 254 nm; Tyg0r = 31.11 min; Ty = 28.64 min); 'H NMR (CDCls, 600
MHz) J: 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, /=8.4
Hz, 1H), 7.30-7.32 (m, 1H), 8.15 (br s, 1H); 3*C NMR (CDCl;, 150 MHz) d: 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.

Q_,

HsCO

8h: Product in accordance with literature characterization data™". 80% yield (56.2 mg), 96% ee;

Iz

The ee was determined by HPLC analysis using a Chiralpak IE column (95/5 hexane/i-PrOH; flow
rate: 1.0 mL/min; A = 254 nm; T4 = 47.99 min; T, = 38.37 min); 'H NMR (CDCl;, 600 MHz)
0: 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); 3C NMR (CDCl;, 150 MHz) d: 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.

o,
H4CO.

8i: Product in accordance with literature characterization data’". 79% yield (60.8 mg), 92% ee;

Cl

IZ__

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; A = 254 nm; Ty40r = 22.96 min; Tyyime = 15.81 min); 'H NMR (CDCl;, 600
MHz) ¢: 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); 3C NMR (CDCls, 150 MHz) ¢: 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.

Cl

Cre
o}
H3CO.

8j: Product in accordance with literature characterization data™". 80% yield (67.0 mg), 93% ee;

IZ_

The ee was determined by HPLC analysis using a Chiralpak IA column (85/15 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tyg0- = 19.08 min; 7,0 = 10.38 min); 'H NMR (CDCls, 600
MHz) J: 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=17.8 Hz, 1H), 7.21 (d, J = 9.0 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.98 (br s, 1H); 3C NMR
(CDCl3, 150 MHz) ¢0: 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), (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.

o] Co(OTf), (5.0 mol%) o

! _
@ + Ph%O _ Loomo | Ho th
N NB DCM, rt, 24 h N\
n
4a 5a N 6a
H
e 5. 3 0 e
N N N
i ] J N )
N—, N—", () N—",
= AN AN N—"., b AN
5 l DN o I
°© N_ N o N __ N\
L1a HO 3a HO L2a HsC L3a H3;CO
6a: 88% yield, 90% ee 6a: 82% yield, 77% ee 6a: 86% yield, 68% ee 6a: 81% yield, 54% ee
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VD A, Wawelength=254 nm (L GW0-H-109.00

mddl -
400 -
300-
200 -
: &
100 il
i o
5 ™
a- T
: I I T T T r
5 10 15 20 25 min
[+ [+]
# Time Area Height Width Area% Symmebry
1 11.37 17675.3 S10.4 0.5772 94,825 0.751
2 24,125 9645 15.4 0,9473 5,174 0,653
WD A, W avelength=254 nm (L-GW-H-107 .0
mAd @ﬁ?
175 0 /@ &
= N
i N—,
126 B
100 N
75 3a HO A
] oo g
&0 6a: 82% yield, 77% ee g qfd"’\
25 B
0= i e L .
y T T T =) R |
i} 10 15 20 28 m
[4]
# Time Area Height Width Area% Symmetry
1 11.407 76E5.4 2094 06117 88,408 0.827
2 24,426 10077 16,4 1.0242 11,592 0,741
WVIND A, Wavelength=254 nm (L- GW-H-102.0)
madl -
200-
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100—5 &
] g &
50— Y
: s
o— M |J/-\‘-._
5 10 18 20 25 min
[+] [v]
& Time Area Height Width Area% Symmetry
1 11.402 8550, 7 2204 0.649 53.818 0,903
Z2 24,13 1656.6 26,7 1.0345 16,182 0.674
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WD A, W avelength=254 nm (L Gutd-H-110.0)

E N—,
125 = PO
'IDEI—E °© N’ o
: > T &‘3'
i L3a H3CO f
E a 3 ! .
50 o
E| - 81% vi 9
25_5 6a: 81% vyield, 54% ee /\
i T T T T T
5 10 15 20 25 min

# Time Area Height Width Area% Symmetry
1 11,102 7014 204.9 0.6264 77059 0,904
2 22,394 22954 40.5 0,937 22,961 0,727
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9. The copies of 'TH NMR, 3C NMR and HPLC spectra for compounds 3a, L, 6 and 8

H and 3C NMR of 3a
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ltem name: OPI-Hompy-1
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H and 3C NMR of L1a
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HRMS of L1a
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'H and 3C NMR of L1b
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HRMS of L1b
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H and 3C NMR of L1¢
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HRMS of L1¢
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'H and C NMR of L1d
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Itern name: OPI-HOMPy-NO-10
ltern description:
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H and 3C NMR of L1e
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Itern name: OPI-HOMPy-NO-12
ltem description:
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IH and 3C NMR of L1f
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Item name: OPI-HOMPy-NO-2

Item description:

Intensity [Counts]

HRMS of L1f

Channel name: 1: Average Time 0.1132 min : TOF MS (50-1500) ESl+ : Centroided : Combined

9.06e7
9e7H
39421132
8e7+
78741773
TeT+
6eT
5e7 227.11832
AeT
2091 055? 809.40016
3e7 /
416.19268
/
2e7
193.07383
\
—810.40327
1e7 19206647
—228.11939 1417.19569
84033014
376.20015— /
168.06721 257.16288 430.20815 76940741 33574 12024 7 1318.
0 \ ! / \ / 1025.57032 2026004 11260.56786, 31852362
T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Observed mass [m/z]
IR of L1f
%T
0
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
FTIR Measurement cm-1
75

%T

50

25

4000 3600
FTIR Measurement

3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
em-1

S33



'H and 3C NMR of L1g
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Itern name: OPI-HOMPy-NO-8
ltem description:

HRMS of L1g
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'H and 3C NMR of L1h
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Itern name: OPI-HOMPy-NO-14

ltem description:
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'H and 3C NMR of L1i
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Item name: OPI-HOMPy-NO-11
Item description:

8.5e7
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HRMS of L1i
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'H and 3C NMR of L1j
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ltem name: OPI-HOMPy-NO-9

ltern description:

Be7+
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6T

5e7

4eT

Intensity [Counts]
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/

HRMS of L1j

Channel name: 1: Average Time 0.1089 min : TOF MS {50-1500) ESl+ : Centroided : Combined
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'H and 3C NMR of L3a
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Item name: OPI-Hompyo-NO-1
Item description:

Intensity [Counts]

HRMS of L3a

Channel name: 1: Average Time 0.1334 min : TOF MS (50-1500) ESl+ : Centroided : Combined
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I'H and 13C NMR of 6a
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HPLC of 6a

WD A, W avelength=284 nm (LRM-041.00

e 0
175=
 F
125- a
100
75-
50
5=
- 1
0- =
T T [ T f [ f r
] 10 15 20 25 min
[«] [+]
& Time Area Height Width Area% Symmetry
1 11.082 8749.8 182.2 0.8002 49,606 0,664
2 19.026 0585.48 105.7 1.4009 50,394 0,453
WD A M awelength=254 nm (L-GtcH-25.00
mall
400 -
300
200- &
1000~ 5 ._'?f‘k
i o gf
: s
1] - A |.--""""-~-\_I
B ' ' I I I I ' '
] 10 15 20 min
[+] [t]
# Time Area Height Vidth Area Symmetry
1 10,742 19080,9 450.4 0.7061 95,892 0,959
2 20,904 8175 18.8 0.7228 4,108 0,807
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'H and 3C NMR of 6b
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HPLC of 6b

WT A, W avelength=254 nm (LRM-D249 [0

3 o "?r"\
400~ I
B '",: @,ﬁ'
300 ¥
200 -
100 —
0- '
I T I T T
5 10 15 20 25 min
Kl [+
# Time Area Height Width Area% Symmetbry
1 12,518 27215.4 447.6 1.0134 50,234 0.54
2 17.62 26962, 1 298.1 1.5077 40,766 0.521
WD A, Wavelength=254 nm (L 300-H-25.00
ALl - -
500 —
400 -
SDD—:
200—5 -
E S
100 = = o
: o
: T T — T T
a 10 15 20 min
[4] [+]
# Time Area Height Width Area% Symmekry
1 10,277 24279.3 605.9 0.5975 95,356 1.003
2 21,021 1152.4 23.7 0.8304 4,644 0,894
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'H and 13C NMR of 6¢
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HPLC of 6¢

WD A, Wavelength=254 nm (LRM-D221.00

mad) 2
350 -
300-= B
3 ['a}
250 -
200~
160
100
50
0= . '
T T T T ’
5 10 15 20 min
[«] [+]
& Time Area Height Width fArea% Symmetry
1 9,194 15444.3 397.2 07739 50,785 0,548
Z 15,231 17674.1 2275 105938 49,215 0,558
WD A, W avelength=254 nm (L G- H-36. 00
mall ™
500 =
400 -
300—5
J ]
200 - o
| W ,{3’
] o
100—E 99%@’""
0 . . N
f [ [ T ’ ’ T [
5 10 14 20 25 min
] D]
# Time Area Height Width Area% Symmetry
1 9,544 27054.5 591.5 0,7623 95,429 0.744
2 18,081 1295.9 0.5 0,7078 4,571 0.547
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'H and 3C NMR of 6d
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HPLC of 6d

WD A, Wavelength=254 nm (LRM-D142X.D)

madl
80—
0 -
40~
20-
0- —
; T T T T T
] 10 15 20 28 min
[4] [+]
# Time Area Height Width Area%  Symmetry
1 9,544 4574.5 1006 0.7577 49,140 0.664
2 17,867 4734.6 51.6 1.5286 50,860 0.533
WD A, Wawelength=264 nm (L-GW-H-37 .00
g
600 -
500 -
400~
EDD—E ,z.l"‘_‘-
200-= B .é"@
E o
mu:n—; E&s‘a@
I : l_p-‘_"\-\-._l
I [ [ [ f [
J 10 18 20 25 min
Kl [
# Time Area Height Width  Area% Symmetry
1 10,226 29774.3 7599.1 0.6535 95,001 0.az2
Z 200, 268 1566,7 306 0,554 4,999 0,689

S51




'H and 13C NMR of 6e
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HPLC of 6e

WD A, Wavelength=254 nm (LRR-D196.0)

mN_I_E
300 A
: o
260 - g W
E a .
200 '.”:.Qs@@
150
100
50—
o=
T T T T T
5 10 15 20 min
Kl [+]
# Time Area Height Width Area% Symmetry
1 9,183 16210 3581 0.7545 49,054 0,531
2 17.6 16239.7 169.1 1.6009 50,046 0.526
WD A, Wawelength=254 nm (L Gl H-40.0)
mﬁLl_f
500
400 =
300-
200‘5
100—5
0-
T T T T T
5 10 16 20 min
[4] [+]
¥ Time Area Height Width Area% Symmetry
1 9,855 22890.8 614.4 0.621 95,073 0.721
2 22,146 1186.4 22,3 (.5868 4,927 0,769
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H and 13C NMR of 6f
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HPLC of 6f

YD A, Wavelength=254 nm (LRM-D195.0)

7B
Py

‘_}P .

# Time Area Height Width Area% Symmetry
1 9.414 95395 186.6 0,579 50,215 0,704
2 17.661 97556 92,6 1.7555 49,7385 0.652
WD A, W avelength=254 nm (LG H-43.00
mill
250—5
200
150—5
100—5 r{,‘\'r
: @
50— =} .z‘.'b'
: R
] _: J”\\—\_}‘- 1
’ f T T T T T
5 10 16 20 min
[« [+]
# Time Area Height Width Area% Symmetry
1 10,607 11056.1 321 0.5904 95,605 0.839
2 21,981 497.3 g9 0.9347 4,305 0.776
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1H and 3C NMR of 6g
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HPLC of 6g

WD A, Wavelength=2584 nm (LA-2KL-A155.0)

mal = wt
s 2o
200= i @@_r\
E| ™
250 s
200 -
150 -
100 =
&=
iE —!
- T [ [ [ f
) 10 18 20 i
[+] [+]
# Time Area Height Width Area% Symmetry
1 7.631 15791.2 352.1 0.5896 50,220 0,356
2 12,179 18626.5 233.4 1.3304 49,780 0,591
WD A, W avelength=254 nm (L G- H-44. 00
M T i
soo—; __,gi“@
500 = 2
400—2
300
: S
200—é % . '\é\
100—E g
0= —— i
5 10 15 20 e
[4] [+]
& Time Area Height width Area% Symmetry
1 8.274 20199.4 677.5 01,4969 95,027 0.77
2 13,319 1057.1 33.9 0.5193 4,973 0,796
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H and 3C NMR of 6h
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HPLC of 6h

WD A, W avelength=254 nm (LA 2KL A5

maLl - ]
300 - B
] o
B00-
400~
200~
0- — —_
1 g g T =] T v
25 T 10 125 14 175 mn
1] [+]
# Time Area Height Width  Area®% Symmebry
1 7.82 33770 930.7 05163 50,850 0,462
2 12,16 32640.4 5735 0,79 49,150 0412
WD A, Wawelength=254 nm (L-G0-H-45. 00
&
i
& &
- .z‘.'h'
ng
LT
T T ’ T T T _'
& 10 15 20 25 min
[+ [v]
o Time Area Height Width Area% Symmetry
1 g.429 19466.5 67.3.5 0.4517 95,144 0.526
2 13,795 9935 30 0.5516 4,856 0,777
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'H and 13C NMR of 6i
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HPLC of 6i

WD A, Wavelength=254 nm (LA-2KL-A154. 0

méll - o
200 - o
! ¥
; o
600 -
400~
200~
D N +
i I~ I T — T g
25 Th 10 12.5 15 175 min
[4] [
# Time Area Height Width Area% Symmetry
1 7.971 43632 4 360.9 0.851 50,655 0,356
2 12,482 473747 5735 1.2207 49,345 0.515
WD A, W avelength=254 nm (L-G0i-H-46.00
mddl— o€
500—5
400—5
300-
200 = &
3 oA
g oA
100 - l“m'\- Q@_
. -y
I T I '
<3 10 15 min
[4] [+]
-] Time Area Height Width Area% Symmekry
1 8.624 16565 58,1 0.4166 05,628 0,768
2 13.725 7574 19.5 [.6465 4,372 0,79
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H and 3C NMR of 6j
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HPLC of 6j

YWD A, Wavelength=254 nm (LRM-DCI310.0)

[
th
=

(=)
(=1
[=1

=

h

)
1

2 4 G
[4] [+]
# Time Area Height Width Area% Symmetry
1 6,435 5125.7 2706 0,289 49,789 0,787
2 7.23 5169, 241.4 0,3319 50,211 0,895
WD A, Wavelength=254 nm (L- G- H-49. 00
maLl—| [
400 —
300 -
200 -
100- i
- [n}
p o
0- —_
I I I I ’
2 4 G 10 min
[«] [+]
-] Time Area Height Width Area% Symmetry
1 7117 118725 497.7 0,3633 99,259 0.675
2 0.982 88,7 4.2 0.3178 0,741 0.816
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I'H and 13C NMR of 8a
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HPLC of 8a

YWD A, favelength=254 nm (LRM-C143C.0)

maLl 2 it
200 - o
150 -
100 =
50—
o |
T T T T T T
10 20 20 40 a0 50 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 35.019 39545.5 214.1 2.5247 21201 0.36
2 44,902 37690.9 160.8 3.0627 45,799 0.326

WD A, Wavelength=254 nm (L-Gx-H-30.00

maLl -
150 -
100 -
80—
] ] -
f r T [ [ [ [
10 20 30 40 50 rrin
[4] [+]
# Time Area Height Width Area% Symmetry
1 32,158 105839 15.5 1.1639 4,559 0.657
2 41,492 22689.4 211.8 1,7852 95,441 0.638
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'H and 3C NMR of 8b
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HPLC of 8b

S67

WD A, Wawelength=254 nm (L-C'L-B-16-8.0)
maLl -
400 -
300 -
200 -
100
ol oA . : PN
T T T T T L
5 10 15 20 25 i
[ O
| # Time Area Height Width Area% Symmetry
1 17.14 154977 4547 0.5067 49,613 0.509
2 20,531 15739.5 399.5 0.6566 50,387 0,467
WD A, Wiavelength=254 nm (L-Gce-H-862 .00
mN.I_:
: gl
200~ & ,@'53
d F @,}
150 = s
100-
i T
f0— g ‘z‘:h'
: s
|:| _ | e — N
o T v T T T z T z
12 14 16 18 20 22 24 i
[ I O
# Time Area Height Width Area% Symmetry
1 16,554 352.3 9.2 0.6364 4,492 0,495
2 19.723 7490.8 140 0.8921 95,505 0,436




'H and 13C NMR of 8¢
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HPLC of 8¢

VWD1 A, Wavelength=254 nm (L-HZH-%-40.D)

175
150 =
125
100
75-
50
26

0

2.890

K1

#

Time Area Height Width

Area% Symmetry

—

25.764 16898.3 197.3 1.4274

50,354

0.45

32.89 16660.6 164.3 1.6904

49.646

0.579

WD A, iavelength=254 nm (L-Gnie-H-03.0)

= R 8 h
() () o o ()
[N PR FW N PNy NENTS CAn ey e i

Time Area Height Width

Area® Symmekry

28,139 201.4 3.8 1.1318

4.725

0.567

352,989 52705 2.6 2.0635

93.275

0.697
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'H and 3C NMR of 8d
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HPLC of 8d

YD1 A, Wavelength=254 nm (L CvL-B-54.0)

mbdl - =]
120 -
100 &
E ™
50— -
E ™
B0 -
40~
20—
0- : '
T T T T T T i
10 15 20 24 30 35 mn
[«] [+]
# Time Area Height Width Area% Symmetry
1 21.42 €573 128.6 07454 | 40808 | oam
2 | e B623.6 £4.5 14058 | 50492 | 0217
WD A, Wawelength=254 nm (L- G- H-60,0)
madl -
140~
120
100
&0
80— #
- g
ZE B
D_; F\)"\-'"‘ e .
T ' I T T T T i
16 20 25 20 26 min
[« [v]
- Time Area Height Width Area% Symmetry
1 21,504 122999 166, 1.2337 95,029 0,259
2 29,591 £43.4 7.5 1.4367 4,971 0.4
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'H and 13C NMR of 8e
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HPLC of 8e

| VIND1 A, Wavelength=254 nm (L-HZH-X-13.D)

700
600 <
500~
400
300
200
100~

Area

Height

Width Area% Symmetry

1 12.762

28777.5

815.8

0.5035 S0.

442

0.672

2 15.842

28273.1

697.8

0.5797 49,

558

0.971

VD A, Wavelength=254 nm (L-GUliE-H-70.0)

mall
300
260
200
150
100
50

0-

| >12.sg1

Area

Height

Width

Area% Symmekry

._.
—
P2
o
pr=)
=

7321

20,3

0.5205

4,464

0.863

156677

336.3

0.66596

95,536

0.856

'H and 13C NMR of 8f
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HPLC of 8f
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VWD1 A, Wavelength=254 nm (L-HZH-X-36.0)

300~
200~

100 -

15 20 25 30
Kl [v]

# Time Area Height Width Area% Symmetry

1 21.636 32468.1 533.3 1.0146 50,260 0.474

2 27.457 321325 427 1.2541 49,740 0.592

WD A, W avelength=254 nm (L- G0-H-29-1.00

mAL -
120—5
100

20—

B0

40 -

20—

0-

T T T I~
10 20 30 50 min
[4] [+]

# Time Area Height Width Area% Symmetry

1 22,153 7501 15.9 0.7854 4,962 0.857

z 27,947 14367.5 147.5 1.6238 95,035 0,738

'H and 3C NMR of 8g
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WD A, i avelength=254 nm (L G- T4 00

10 20 30 40 min
[+]
# Time Area Height Width Area% Symmetry
1 29,873 78253 119.7 1.0898 49,175 0,738
2 33.254 o0s7.9 102.5 1.3145 50,825 0.799

YD A, Wavelength=254 nm (- GU0C-H-94.0)

mN.I_;
150
125-=
100=
75
50~
25-
0= |‘\._}“L
h =l T T T = T T T
) 10 14 20 25 30 35 min
[*]
& Time Area Height Width Area% Symmebry
HEE 7433 14.8 08372 49631 | 0837
2 31,105 1423258 174.2 1,362 95,037 0.7el
H and 3C NMR of 8h
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WD A, Wavelength=254 nm (L-G00-TS. D)

mN_I_E
30—5
25—
20—
15
10+
5
i} —z\wu_p_‘ .
5= T T T T T -
10 20 a0 40 50 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 39,402 3426.8 28.6 1.9959 42,721 0.375
2 45,94 4594.6 5.4 1.9968 57.279 0.419
WD A, W avelength=254 nm (L-Gute-H-61.0)
maLl—
100 -
80—
il —
40
- m
- [in}
20— g -
3 o
0- L T
[ [ [ U | [ T '
25 30 35 45 &0 a5 g0 mn
[ []
# Time Area Height Width Area% Symmetry
1 38,365 329.1 3 1,8591 2.003 0,904
2 47,956 160975 116.6 2,3005 97,997 0,308

H and 3C NMR of 8i
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HPLC of 8i

WD A, Wavelength=254 nm (L-CY'L-B-75-0.0)

mal o
] m
100 - 2
3 o
80— Iy
B0 -
40~
20—
u] E e D A : P
T~~~ "~ - I~ "~ T~ '
) 10 18 20 25 30 min
[+] [v]
& Time Area Height Width Area% Symmetry
1 15,305 3954.9 125.7 0.4581 50,452 0.577
2 22,693 36794 775 07492 49,515 0.524
WD A, Wavelength=254 nm (L-GUiX- H-Gd. D)
maLl—
150 =
126
100<
?5—5 rgg_-.
E . ;
50—E 2 45?
26 Ylg%c:'-}
0= —— Y .
- T T T T
5 10 15 20
[4] [+]
# Time Area Height Width Area% Symmetry
1 15.807 536.3 13.6 0.6556 4,151 0.577
2 22,963 12292.8 174.3 1.1757 95,519 0.411
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TH and 3C NMR of 8j
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HPLC of 8j

WD A, Wavelength=254 nm (L-CYL-Q-110-A-85-15.01)

mal - o
: 2
100 0
i L
80—
il —
40-
20—
o- —— : '
o I rr [ [ I I
10 15 20 25 30 35 mif
[4] [+]
& Time Area Height Width Area% Symmetry
1 10,718 6320.7 125.5 0.6955 49,366 0,365
2 17.626 o483.2 775 1.186 50,634 0.407
VWD A, ifavelength=254 nm (L GUrX-H-55.0)
mALl o ot
i 2 W
s &
&0 - i
B0 -
: &
40 - o rg[}
- o q’
20— o
S W A
D—: —_— 'A. 1
T ' |' T T T
& 10 15 20 25 i
[ [+]
# Time Area Height Width Area% Symmetry
1 10,382 2372 77 0.5136 3.645 1,051
2 19,082 6271.4 87,8 1,1906 96,355 1,005
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