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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-400 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 bipyridine-2NO ligands L1

D\(O B /) _ EOH.reflax T _ 22eqmoPBA
N + =N N m O’N
HNTAr o= =0 DCM, 0 °C, 20 min

General procedure A-In a sealed tube equipped with a magnetic stirring bar, bipyridine-
dicarbaldehyde 2 (1.0 mmol) and optically pure 4-hydroxyprolinamide or prolinamide 1 (2.4
mmol, 2.4 equiv) were added. Then, ethanol (6.0 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.

For the oxidation step, see: X. Liu, L. Lin and X. Feng, Chiral N,N'-dioxide ligands: synthesis,
coordination chemistry and asymmetric catalysis, Org. Chem. Front.,2014,1, 298-302. In a
sealed tube equipped with a magnetic stirring bar, to the intermediate 3 was added 3.0 mL of
DCM and m-CPBA (2.2 eq). The reaction mixture was stirred at 0 °C for 20 min. After completion
of the reaction, as indicated by TLC, the aftertreatment residue was purified by flash column

chromatography to furnish the bipyridine-2NO ligand L1.

3. Characterization data of bipyridine-2NO ligands L1
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L1a (Prepared according to general procedure A): White solid, M.p. 263.1-263.9 °C, [a]p* = -
40.6 (c 0.60, CHCly); overall yield 53%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) J: 2.23-2.28 (m,
2H), 2.45-2.66 (m, 6H), 3.91-3.95 (m, 2H), 4.16-4.24 (m, 2H), 4.73-4.76 (m, 2H), 6.79 (s, 2H),
7.12-7.16 (m, 2H), 7.23-7.27 (m, 4H), 7.40-7.43 (m, 4H), 7.70-7.72 (m, 2H), 7.97-8.01 (m, 2H),
8.38-8.40 (m, 2H); 13C NMR (CD;0D, 100 MHz) ¢: 35.5, 70.0, 76.3, 76.7, 88.1, 122.2, 122.9,
126.8, 127.7, 128.9, 135.3, 138.2, 149.8, 155.2, 168.7; HRMS (ESI-TOF) m/z: Calcd. for

C34H3,N¢NaO4 [M+Na]*: 611.2376; Found: 611.2372.
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L1b (Prepared according to general procedure A): White solid, M.p. 223.2-224.9 °C, [a]p*’ = -
84.3 (¢ 0.60, CHCls); overall yield 52%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) 4: 2.10 (s, 6H),
2.22-2.26 (m, 2H), 2.43-2.66 (m, 6H), 3.92-3.96 (m, 2H), 4.14-4.22 (m, 2H), 4.75-4.78 (m, 2H),
6.74 (s, 2H), 6.98 (d, J = 8.8 Hz, 4H), 7.26 (d, J = 8.8 Hz, 4H), 7.71 (d, J= 7.2 Hz, 2H), 7.97-8.01
(m, 2H), 8.41 (d, J = 7.6 Hz, 2H); '3C NMR (CD;0D, 100 MHz) ¢: 19.6, 22.5, 24.6, 71.0, 76.9,
87.9,121.9, 122.9, 127.6, 129.4, 132.8, 136.9, 138.2, 150.3, 155.1, 169.3; HRMS (ESI-TOF) m/z:

Calcd. for C3sH36NgNaO4 [M+Na]*: 639.2687; Found: 639.2676.
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Llc (Prepared according to general procedure A): White solid, M.p. 257.9-258.6 °C, [a]p® = -
64.3 (c 0.60 CHCI;); overall yield 50%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) §: 2.16 (s, 6H),
2.22-2.26 (m, 2H), 2.45-2.65 (m, 6H), 3.91-3.95 (m, 2H), 4.16-4.23 (m, 2H), 4.73-4.76 (m, 2H),
6.78 (s, 2H), 6.95 (d, J = 7.6 Hz, 2H), 7.09-7.17 (m, 4H), 7.28 (s, 2H), 7.70-7.72 (m, 2H), 7.98-
8.02 (m, 2H), 8.39-8.41 (m, 2H); *C NMR (CD;OD, 100 MHz) J: 20.0, 22.4, 24.6, 70.9, 77.0,
87.9, 119.9, 121.9, 123.5, 127.5, 128.7, 135.3, 138.1, 139.2, 150.3, 155.1, 169.4; HRMS (ESI-

TOF) m/z: Calcd. for C36H35NgNaO4 [M+Na]*: 639.2690; Found: 639.2689.

L1d (Prepared according to general procedure A): White solid, M.p. 258.9-259.7 °C, [a]p®° = -
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89.5 (¢ 0.60 CHCly); overall yield 48%, >20:1 dr; 'H NMR (CD;OD, 400 MHz) 6: 1.00-1.04 (m,
6H), 2.23-2.28 (m, 2H), 2.41-2.65 (m, 10H), 3.92-3.96 (m, 2H), 4.15-4.22 (m, 2H), 4.75-4.78 (m,
2H), 6.74 (s, 2H), 7.01 (d, J = 8.8 Hz, 4H), 7.29 (d, J = 8.4 Hz, 4H), 7.69-7.71 (m, 2H), 7.98-8.02
(m, 2H), 8.40-8.43 (m, 2H); '*C NMR (CD;OD, 100 MHz) &: 14.5, 22.4, 24.6, 27.8, 71.0, 77.0,
87.9, 121.9, 123.0, 127.6, 128.3, 133.0, 138.2, 143.3, 150.3, 155.1, 169.4; HRMS (ESI-TOF) m/z:

Calcd. for C33H4NgNaO4 [M+Na]*: 667.3001; Found: 667.2991.

Lle (Prepared according to general procedure A): White solid, M.p. 257.2-258.3 °C, [a]p® = -
66.1 (c 0.60 CHCly); overall yield 50%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) J: 1.05 (s, 6H),
1.07 (s, 6H), 2.23-2.28 (m, 2H), 2.46-2.65 (m, 6H), 2.69-2.76 (m, 2H), 3.92-3.96 (m, 2H), 4.15-
4.22 (m, 2H), 4.75-4.78 (m, 2H), 6.75 (s, 2H), 7.07 (d, J = 8.4 Hz, 4H), 7.31 (d, J = 8.4 Hz, 4H),
7.70-7.72 (m, 2H), 7.97-8.01 (m, 2H), 8.41-8.43 (m, 2H); *C NMR (CD;OD, 100 MHz) ¢: 22.4,
22.9, 24.6, 33.5, 71.0, 76.9, 87.9, 122.0, 123.0, 126.9, 127.5, 133.1, 138.2, 147.8, 150.4, 155.2,

169.3; HRMS (ESI-TOF) m/z: Calcd. for C4oH44NgNaO4 [M+Na]*: 695.3312; Found: 695.3294.
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L1f (Prepared according to general procedure A): White solid, M.p. 247.0-247.9 °C, [a]p?® = -
86.7 (¢ 0.60 CHCly); overall yield 53%, >20:1 dr; 'H NMR (CD;0D, 400 MHz) ¢: 1.11 (s, 18H),
2.23-2.28 (m, 2H), 2.47-2.66 (m, 6H), 3.95-3.99 (m, 2H), 4.14-4.22 (m, 2 H), 4.77-4.80 (m, 2H),
6.77 (s, 2H), 7.21 (d, J = 8.8 Hz, 4H), 7.34 (d, J = 8.8 Hz, 4H), 7.75 (d, /= 7.6 Hz, 2H), 7.99-8.03
(m, 2H), 8.44 (d, J = 7.6 Hz, 2H); 3C NMR (CD;OD, 100 MHz) 8: 22.5, 24.7, 30.3, 34.0, 71.0,
76.9, 87.8, 122.0, 122.4, 125.9, 127.6, 132.9, 138.3, 149.8, 150.4, 155.2, 169.4; HRMS (ESI-TOF)

m/z: Calcd. for C4oHygNgNaO, [M+Na]*: 723.3629; Found: 723.3629.
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L1g (Prepared according to general procedure A): White solid, M.p. 257.1-258.2 °C, [a]p* = -
110.6 (¢ 0.60 CHCLy); overall yield 53%, 15:1 dr; "H NMR (CD;0D, 400 MHz) §: 2.24-2.27 (m,
2H), 2.46-2.63 (m, 6H), 3.66 (s, 6H), 3.91-3.95 (m, 2H), 4.18-4.25 (m, 2H), 4.74 (d, J = 9.2 Hz,
2H), 6.68 (s, 2H), 6.77-6.79 (m, 4H), 7.26-7.28 (m, 4H), 7.66 (d, J = 7.6 Hz, 2H), 7.98-8.02 (m,
2H), 8.42 (d, J = 7.6 Hz, 2H); *C NMR (CD;0D, 100 MHz) d: 22.4, 24.5, 54.5, 71.0, 76.9, 88.4,
114.1, 121.8, 125.2, 127.6, 127.8, 138.1, 150.3, 155.1, 158.7, 169.5; HRMS (ESI-TOF) m/z:

Calcd. for C34H36NgNaOg [M+Na]*: 671.2581; Found: 671.2565.
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L1h (Prepared according to general procedure A): White solid, M.p. 248.7-249.3 °C, [a]p*’ = -
30.7 (¢ 0.60 CHCl3); overall yield 48%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) §: 2.23-2.30 (m,
2H), 2.44-2.67 (m, 6H), 3.92-3.96 (m, 2H), 4.19-4.26 (m, 2H), 4.73-4.76 (m, 2H), 6.78 (s, 2H),
7.00-7.04 (m, 4H), 7.42-7.46 (m, 4H), 7.70-7.72 (m, 2H), 8.00-8.04 (m, 2H), 8.39-8.41 (m, 2H);
3C NMR (CD;OD, 100 MHz) §: 22.4, 24.6, 71.0, 76.8, 87.9, 115.6 (d, Jcr = 23.1 Hz), 122.0,
125.3 (d, Jer = 8.3 Hz), 127.7, 131.5 (d, Jor = 3.4 Hz), 138.2, 150.1, 155.1, 161.6 (d, Jor = 245.3
Hz), 169.4; HRMS (ESI-TOF) m/z: Calcd. for Cs4H30F,NgNaO, [M+Na]*: 647.2189; Found:

647.2189.

L1i (Prepared according to general procedure A): White solid, M.p. 255.0-255.9 °C, [a]p?°=-15.9
(¢ 0.60 CHCl5); overall yield 49%, >20:1 dr; 'H NMR (CD;0D, 400 MHz) ¢: 2.27-2.32 (m, 2H),
2.50-2.60 (m, 4H), 2.65-2.70 (m, 2H), 3.98-4.02 (m, 2H), 4.19-4.26 (m, 2H), 4.79-4.82 (m, 2H),
6.83-6.88 (m, 2H), 6.92 (s, 2H), 7.20-7.27 (m, 4H), 7.47-7.51 (m, 2H), 7.81 (d, J = 7.6 Hz, 2H),
8.05-8.09 (m, 2H), 8.41-8.43 (m, 2H); 13C NMR (CD;0D, 100 MHz) &: 22.4, 24.7, 71.1, 76.9,
87.3, 109.5 (d, Jor = 26.0 Hz), 113.0 (d, Jor = 22.1 Hz), 117.5 (d, Jor = 3.1 Hz), 122.1, 127.7,
130.4 (d, Jor = 9.0 Hz), 137.1 (d, Jer = 10.0 Hz), 138.3, 150.0, 155.2, 162.8 (d, Jor = 244.3 Hz),

169.4; HRMS (ESI-TOF) m/z: Caled. for C34H30F2N¢NaO4 [M+Na]*: 647.2186; Found: 647.2173.
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L1j (Prepared according to general procedure A): White solid, M.p. 252.0-252.5 °C, [a]p®® = -
318.6 (¢ 0.60 CHCI3); overall yield 46%, 20:1 dr; 'H NMR (CD;0D, 400 MHz) ¢: 2.23-2.30 (m,
2H), 2.43-2.68 (m, 6H), 3.98-4.02 (m, 2H), 4.26-4.33 (m, 2H), 4.80-4.83 (m, 2H), 6.63 (s, 2H),
7.03-7.07 (m, 2H), 7.17-7.25 (m, 4H), 7.29-7.35 (m, 2H), 7.67-7.69 (m, 2H), 7.99-8.03 (m, 2H),
8.50-8.52 (m, 2H); '3C NMR (CD;0D, 100 MHz) &: 22.5, 24.6, 71.2, 76.4, 88.0, 116.4 (d, Jcr =
20.2 Hz), 121.8 (d, Jcr = 11.1 Hz), 122.1, 124.7 (d, Jcr = 4.3 Hz), 127.7, 128.6, 130.4 (d, Jcr =
8.2 Hz), 138.3, 150.1, 155.2, 158.7 (d, Jcr = 249.1 Hz), 169.7; HRMS (ESI-TOF) m/z: Calcd. for
Cs4H30F,NgNaO4 [M+Na]*: 647.2189; Found: 647.2187.
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L1k (Prepared according to general procedure A): White solid, M.p. 258.2-258.9 °C, [a]p®° = -
20.2 (¢ 0.20 CHCI;); overall yield 50%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) §: 2.25-2.30 (m,
2H), 2.46-2.70 (m, 6H), 3.95-3.99 (m, 2H), 4.17-4.24 (m, 2H), 4.75-4.78 (m, 2H), 6.83 (s, 2H),
7.11-7.15 (m, 4H), 7.39-7.43 (m, 4H), 7.76 (d, J = 7.6 Hz, 2H), 8.02-8.06 (m, 2H), 8.40 (d, /= 8.0
Hz, 2H); 3C NMR (CD;0D, 100 MHz) ¢: 22.5,24.7, 71.0, 76.8, 87.4, 122.1, 123.9, 127.8, 128.9,
131.7, 134.2, 138.3, 150.0, 155.1, 169.4; HRMS (ESI-TOF) m/z: Calcd. for Cs;4H3¢CI;NgNaOy

[M+Na]*: 679.1593; Found: 679.1582.
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L1l (Prepared according to general procedure A): White solid, M.p. 260.5-261.7 °C, [a]p?® =
+97.6 (¢ 0.20 CHCly); overall yield 49%, 18:1 dr; 'H NMR (CD;0D, 400 MHz) ¢: 2.25-2.30 (m,
2H), 2.46-2.69 (m, 6H), 3.93-3.97 (m, 2H), 4.17-4.24 (m, 2H), 4.75-4.78 (m, 2H), 6.88 (d, J = 2H),
7.06-7.09 (m, 2H), 7.15-7.19 (m, 2H), 7.28-7.30 (m, 2H), 7.66-7.67 (m, 2H), 7.77 (d, J = 7.6 Hz,
2H), 8.02-8.06 (m, 2H), 8.38 (d, J = 7.6 Hz, 2H); 3C NMR (CD;0D, 100 MHz) ¢: 22.4, 24.7,
71.0,76.8, 87.2,120.4, 122.1, 122.5, 126.4, 127.7, 130.2, 134.4, 136.8, 138.3, 150.0, 155.2, 169.4;

HRMS (ESI-TOF) m/z: Calcd. for C34H3¢C1.NgNaO4 [M+Na]*: 679.1598; Found: 679.1595.
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L1m (Prepared according to general procedure A): White solid, M.p. 260.9-261.6 °C, [a]p*’ = -
80.2 (¢ 0.60 CHCly); overall yield 51%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) ¢: 2.23-2.28 (m,
2H), 2.44-2.68 (m, 6H), 3.92-3.96 (m, 2H), 4.15-4.22 (m, 2H), 4.72-4.75 (m, 2H), 6.81 (s, 2H),
7.25-7.28 (m, 4H), 7.32-7.35 (m, 4H), 7.74 (d, J = 8.1 Hz, 2H), 8.01-8.04 (m, 2H), 8.37 (d, /= 8.2
Hz, 2H); 3C NMR (CD;0D, 100 MHz) J: 22.4,24.7,71.0, 76.8, 87.3, 119.5, 122.1, 124.0, 127.7,
131.9, 134.7, 138.3, 150.1, 155.1, 169.2; HRMS (ESI-TOF) m/z: Calcd. for C;4H;3oBr,NgNaOy

[M-+Na]*: 767.0579; Found: 767.0561.
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L1n (Prepared according to general procedure A): White solid, M.p. 248.2-248.8 °C, [0]p*’ = -
21.9 (¢ 0.20 CHCI5); overall yield 51%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) §: 2.65-2.72 (m,
2H), 2.84-2.91 (m, 2H), 3.95 (d, J = 12.0 Hz, 2H), 4.42-4.46 (m, 2H), 4.65 (d, J = 6.0 Hz, 2H),
4.97-5.00 (m, 2H), 6.80 (s, 2H), 7.13-7.17 (m, 2H), 7.24-7.28 (m, 4H), 7.39-7.42 (m, 4H), 7.70 (d,
J=17.2 Hz, 2H), 7.97-8.01 (m, 2H), 8.37 (d, J = 8.0 Hz, 2H); 3C NMR (CD;0D, 100 MHz) J:
35.5, 70.0, 76.3, 76.7, 88.1, 122.2, 122.9, 126.8, 127.7, 128.9, 135.3, 138.2, 149.8, 155.2, 168.7;

HRMS (ESI-TOF) m/z: Calcd. for C34H3:NgNaOg [M+Na]*: 643.2271; Found: 643.2262.

Ld4a (Prepared according to general procedure A): White solid, M.p. 195.8-196.2 °C, [a]p*’ =
+6.8 (¢ 0.60, CHCI;); overall yield 37%, >20:1 dr; '"H NMR (CD;0D, 400 MHz) ¢: 2.20-2.25 (m,
2H), 2.42-2.59 (m, 6H), 3.83-3.87 (m, 2H), 3.99-4.06 (m, 2H), 4.48-4.51 (m, 2H), 6.76 (s, 2H),
7.14-7.18 (m, 2H), 7.29-7.33 (m, 4H), 7.50-7.57 (m, 8H), 7.72 (d, J = 7.2 Hz, 2H), 7.77 (s, 2H);
3C NMR (CD;0D, 100 MHz) §: 22.4, 24.2, 70.6, 76.4, 88.5, 122.6, 126.6, 128.8, 129.0, 129.1,
131.3, 135.6, 140.6, 167.7; HRMS (ESI-TOF) m/z: Calcd. for C34H34N4NaO4 [M+Na]*: 609.2472;

Found: 609.2467.
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L6a (Prepared according to general procedure A): White solid, M.p. 180.6-181.2 °C, [a]p*’ =
+26.8 (¢ 0.60, CHCly); overall yield 41%, 12:1 dr; "H NMR (CD;0D, 400 MHz) J: 2.33-2.39 (m,
2H), 2.48-2.64 (m, 6H), 4.18-4.33 (m, 4H), 4.89-4.93 (m, 2H), 7.21-7.25 (m, 2H), 7.33-7.40 (m,
5H), 7.50-7.59 (m, 8H), 7.84-7.86 (m, 1H); '*C NMR (CD;OD, 100 MHz) J: 22.1, 24.3, 69.3,
73.4, 85.7, 121.7, 126.6, 126.7, 129.0, 130.0, 130.8, 131.3, 165.9; HRMS (ESI-TOF) m/z: Calcd.

for C50H30N4NaO4 [M+Na]*: 533.2159; Found: 533.2156.

4. General procedure for preparation of chiral bipyridine-NO ligands L2

o
R | Ar\ ‘ A
- 1.2 eq m-CPBA N\, 2
e V. T2 o iy s
P
N N
DCM, 0 °C, 20 min Y)O 7

N
H  HN-Ar
1 EtOH, reflux, 10 h

In a sealed tube equipped with a magnetic stirring bar, bipyridine-carbaldehyde 2 (1.0 mmol)
and optically pure 4-hydroxyprolinamide or prolinamide 1 (1.2 mmol, 1.2 equiv) were added.
Then, anhydrous 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 4.

For the oxidation step, see: X. Liu, L. Lin and X. Feng, Chiral N,N'-dioxide ligands: synthesis,
coordination chemistry and asymmetric catalysis, Org. Chem. Front.,2014,1, 298-302. In a
sealed tube equipped with a magnetic stirring bar, to the intermediate 4 was added 3.0 mL of
DCM and m-CPBA (1.2 eq). The reaction mixture was stirred at 0 °C for 20 min. After completion
of the reaction, as indicated by TLC, the aftertreatment residue was purified by flash column

chromatography to furnish the bipyridine-NO ligand L2.

5. Characterization data of bipyridine-NO ligands L2
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L2a: White solid, M.p. 181.9-182.2 °C, [a]p** = -40.9 (c 0.60, CHCI;); overall yield 52%, >20:1
dr; 'TH NMR (CDs;0D, 400 MHz) §: 2.23-2.29 (m, 1H), 2.45-2.65 (m, 3H), 3.93-3.97 (m, 1H),
4.18-4.25 (m, 1H), 4.77-4.80 (m, 1H), 6.81 (s, 1H), 7.15-7.20 (m, 1H), 7.27-7.32 (m, 2H), 7.39-
7.42 (m, 1H), 7.44-7.47 (m, 2H), 7.68-7.70 (m, 1H), 7.88-7.93 (m, 1H), 7.97-8.00 (m, 1H), 8.34 (d,
J = 8.0 Hz, 1H), 8.43-8.45 (m, 1H), 8.61-8.63 (m, 1H); '3C NMR (CD;OD, 100 MHz) §: 22.4,
24.5,70.9, 76.8, 87.8, 120.9, 121.8, 122.9, 124.3, 126.8, 127.2, 129.0, 135.5, 137.4, 137.9, 148.9,
150.0, 155.0, 155.8, 169.4; HRMS (ESI-TOF) m/z: Calcd. for C;,H,0N4NaO, [M+Na]*: 395.1478;

Found: 395.1478.

L2b: White solid, M.p. 183.1-183.9 °C, [a]p?® = -113.6 (c 0.60, CHCIl3); overall yield 50%,
>20:1 dr; '"H NMR (CD;0D, 400 MHz) ¢: 2.64-2.71 (m, 1H), 2.85-2.92 (m, 1H), 3.98-4.01 (m,
1H), 4.44-4.48 (m, 1H), 4.66-4.69 (m, 1H), 5.00-5.03 (m, 1H), 6.81 (s, 1H), 7.16-7.20 (m, 1H),
7.27-7.32 (m, 2H), 7.40-7.45 (m, 3H), 7.68-7.70 (m, 1H), 7.89-7.94 (m, 1H), 7.97-8.01 (m, 1H),
8.33-8.36 (m, 1H), 8.44-8.46 (m, 1H), 8.62-8.64 (m, 1H); 3C NMR (CD;OD, 100 MHz) ¢: 35.5,
70.0, 76.4, 76.6, 88.2, 120.9, 122.0, 123.0, 124.3, 126.8, 127.4, 128.9, 135.3, 137.4, 138.0, 148.9,
149.5, 155.0, 155.9, 168.7; HRMS (ESI-TOF) m/z: Calcd. for C;H,0N4NaO; [M+Na]*: 411.1428;

Found: 411.1427.

Cl

. X

[\ P
R A [
N’O NP2

L2¢: White solid, M.p. 185.7-186.6 °C, [a]p?° = -87.5 (¢ 0.60, CHCl,); overall yield 52%, >20:1
dr; 'TH NMR (CDs;0D, 400 MHz) §: 2.25-2.30 (m, 1H), 2.46-2.65 (m, 3H), 3.93-3.97 (m, 1H),
4.18-4.25 (m, 1H), 4.76-4.79 (m, 1H), 6.83 (s, 1H), 7.28-7.31 (m, 2H), 7.38-7.42 (m, 1H), 7.47-
7.51 (m, 2H), 7.71-7.74 (m, 1H), 7.88-7.92 (m, 1H), 7.99-8.03 (m, 1H), 8.30-8.33 (m, 1H), 8.44-
8.46 (m, 1H), 8.61-8.63 (m, 1H); *C NMR (CD;OD, 100 MHz) J: 22.4, 24.6, 70.9, 76.7, 87.5,

120.9, 122.0, 124.1, 124.3, 127.3, 129.0, 132.0, 134.3, 137.4, 138.0, 149.0, 149.8, 154.9, 155.9,
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169.4; HRMS (ESI-TOF) m/z: Calcd. for C»H;9CIN4NaO, [M+Na]*: 429.1089; Found: 429.1095.

Cl
: B
N Wl 2
O ON s
NG N
OH

L2d: White solid, M.p. 187.6-188.0 °C, [a]p?°=-51.2 (¢ 0.60, CHCI;); overall yield 51%, >20:1
dr; 'TH NMR (CD;0D, 400 MHz) §: 2.66-2.73 (m, 1H), 2.86-2.92 (m, 1H), 3.98-4.01 (m, 1H),
4.43-4.48 (m, 1H), 4.66-4.70 (m, 1H), 5.00-5.03 (m, 1H), 6.83 (s, 1H), 7.27-7.31 (m, 2H), 7.39-
7.42 (m, 1H), 7.44-7.48 (m, 2H), 7.71-7.73 (m, 1H), 7.88-7.92 (m, 1H), 7.99-8.03 (m, 1H), 8.30-
8.33 (m, 1H), 8.45-8.47 (m, 1H), 8.62-8.63 (m, 1H); *C NMR (CD;0D, 100 MHz) ¢: 35.5, 70.0,
76.4,76.5,87.9, 120.9, 122.1, 124.2, 124.4, 127.5, 129.0, 132.0, 134.1, 137.4, 138.1, 149.0, 149.3,
154.9, 156.0, 168.6; HRMS (ESI-TOF) m/z: Calcd. for CpH;oCINyNaO; [M+Na]*: 445.1038;

Found: 445.1039.

N N~

4a: White solid, M.p. 183.9-185.0 °C, [a]p2’ = +39.3 (c 0.60, CHCls); yield 81%, >20:1 dr; 'H
NMR (CD;0D, 400 MHz) §: 1.82-1.90 (m, 1H), 1.91-1.97 (m, 1H), 2.13-2.30 (m, 2H), 3.05-3.12
(m, 1H), 3.44-3.49 (m, 1H), 4.34-4.37 (m, 1H), 6.11 (s, 1H), 7.09-7.13 (m, 1H), 7.25-7.29 (m, 2H),
7.38-7.41 (m, 1H), 7.46-7.49 (m, 3H), 7.87-7.91 (m, 2H), 8.25-8.31 (m, 2H), 8.59-8.61 (m, 1H);
13C NMR (CD;OD, 100 MHz) J: 24.4, 27.4, 55.8, 65.1, 84.1, 120.3, 121.1, 121.9, 122.6, 124.1,
125.7, 128.7, 137.0, 137.4, 138.3, 148.8, 155.4, 155.6, 157.0, 175.9; HRMS (ESI-TOF) m/z:

Calcd. for C;,HpoN4NaO [M+Na]*: 379.1529; Found: 379.1532.

Cl

o%"“%
N N~

4¢: White solid, M.p. 186.4-187.9 °C, [a]p* = +47.0 (c 0.60, CHCly); yield 81%, >20:1 dr; 'H
NMR (CDCl;, 400 MHz) o: 1.79-1.88 (m, 2H), 2.14-2.20 (m, 2H), 2.87-2.93 (m, 1H), 3.41-3.46
(m, 1H), 4.19-4.22 (m, 1H), 5.71 (s, 1H), 7.13-7.16 (m, 2H), 7.19-7.24 (m, 2H), 7.36-7.40 (m, 2H),
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7.68-7.75 (m, 2H), 8.21 (d, J = 8.0 Hz, 1H), 8.28-8.30 (m, 1H), 8.55-8.57 (m, 1H); '3C NMR
(CDCls, 100 MHz) ¢: 23.9, 26.7, 55.4, 63.8, 83.3, 119.6, 119.7, 120.3, 121.6, 123.0, 128.0, 129.3,
135.3, 136.0, 137.3, 148.0, 154.4, 155.3, 155.8, 174.5; HRMS (ESI-TOF) m/z: Calcd. for

CxH 9CINyNaO [M+Na]*: 413.1140; Found: 413.1135.

6. General procedure for preparation of chiral ligand L5a

L~ . -
H HN-Ph Way, S w»
1 Ph NN Ph N Ph
N 1.0 eq m-CPBA Ph, /
+ EtOH, reflux \\ N N
N
3

EAN

N / \
N
R o) [ — \
_ ~| 0 N« o + N0 N S:O
=4 /) 12h DCM, 0 °C, 20 min G
N

o= =0 L5a

In a sealed tube equipped with a magnetic stirring bar, bipyridine-dicarbaldehyde 2 (1.0 mmol)
and optically pure prolinamide 1 (2.4 mmol, 2.4 equiv) were added. Then, ethanol (6.0 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.

For the oxidation step, see: X. Liu, L. Lin and X. Feng, Chiral N,N'-dioxide ligands: synthesis,
coordination chemistry and asymmetric catalysis, Org. Chem. Front.,2014,1, 298-302. In a
sealed tube equipped with a magnetic stirring bar, to the intermediate 3 was added 3.0 mL of
DCM and m-CPBA (1.0 eq). The reaction mixture was stirred at 0 °C for 20 min. After completion
of the reaction, as indicated by TLC, the aftertreatment residue was purified by flash column

chromatography to furnish the chiral ligand L5a.

7. Characterization data of chiral ligand L5a

L5a: White solid, M.p. 238.2-238.8 °C, [a]p2* = -56.4 (¢ 0.60, CHCL3); yield 36%, 12:1 dr; 'H
NMR (CD;0D, 400 MHz) &: 1.84-1.87 (m, 1H), 1.92-1.96 (m, 1H), 2.13-2.28 (m, 3H), 2.46-2.61
(m, 3H), 3.03-3.09 (m, 1H), 3.41-3.47 (m, 1H), 3.91-3.95 (m, 1H), 4.16-4.21 (m, 1H), 4.29-4.32
(m, 1H), 4.72 (d, J = 8.8 Hz, 1H), 6.10 (s, 1H), 6.77 (s, 1H), 7.06-7.10 (m, 1H), 7.13-7.17 (m, 1H),
7.22-7.28 (m, 4H), 7.40-7.50 (m, SH), 7.66 (d, J = 7.6 Hz, 1H), 7.87-7.91 (m, 1H), 7.93-7.97 (m,
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1H), 8.24 (d, J = 8.0 Hz, 1H), 8.36 (d, J = 8.0 Hz, 1H); '3C NMR (CD;0D, 100 MHz) J: 22.4,
24.4,24.5,274,55.7,65.0,70.9, 76.8, 84.1, 87.8, 120.2, 121.9, 122.2, 122.5, 123.0, 125.6, 126.8,
127.3, 128.6, 128.9, 135.4, 137.1, 137.9, 138.5, 150.0, 154.9, 155.5, 157.2, 169.4, 175.8; HRMS

(ESI-TOF) m/z: Calcd. for C34H3,NgNaO3 [M+Na]*: 595.2481; Found: 595.2492.

8. Catalytic asymmetric synthesis of compounds 7

R N .
AN | —
5 H Ni(OTf), (3.0 mol%) Ar. o | =)
L1a (3.3 mol%) ! YN N
+ N OEt |
—_— 1 N\, O : B N
o R ' N— {
N o DCM, 1t. 16 h N 3 o’\;\N)\Q 0-N_=0
- N G
OEt 3 L1a

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (3.0 mol %),
L1a (3.3 mol %) in 3.0 mL of CH,Cl, was added 5 (0.30 mmol), and 6 (0.20 mmol). The reaction
mixture was stirred at room temperature for 16 h and was directly loaded onto a silica gel and
purified by flash chromatography to give the desired product 7, using hexane/EtOAc (10/1, v/v) as

the eluent.

9. Characterization data of compounds 7

L,
®

OEt

Iz __

7a: Product in accordance with literature characterization data!. Light yellow solid, M.p. 94.6-
95.2 °C, 93% vyield, 99% ee, [a]p?® = -26.0 (¢ 0.71, CHCl;); 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;
Tgjor = 30.64 MiN; Tpyinor = 39.17 min); 'H NMR (CDCl;, 400 MHz) 0: 1.16-1.20 (m, 3H), 3.48-
3.63 (m, 2H), 4.09-4.15 (m, 2H), 4.81-4.85 (m, 1H), 6.91-6.96 (m, 2H), 7.04-7.11 (m, 2H), 7.16-
7.26 (m, 5H), 7.34 (d, J= 8.0 Hz, 1H), 7.97 (br s, 1H); 3C NMR (CDCl;, 100 MHz) d: 12.9, 36.8,

44.6,61.5,110.2,118.3, 118.4, 121.2, 125.5, 126.7, 127.5, 135.5, 142.2, 159.9, 192.1.
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7b: Product in accordance with literature characterization data'. Light yellow solid, M.p. 111.7-
112.2 °C, 85% yield, 94% ee, [0]p?® = -76.0 (¢ 0.57, CHCls); The ee was determined by HPLC
analysis using a Chiralpak A column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm;
Tmajor = 14.98 MiN; Tyin0- = 19.82 min); 'H NMR (CDCls, 400 MHz) J: 1.15-1.19 (m, 3H), 2.19 (s,
3H), 3.45-3.60 (m, 2H), 4.08-4.14 (m, 2H), 4.77-4.81 (m, 1H), 6.88-6.99 (m, 4H), 7.03-7.07 (m,
1H), 7.11 (s, 1H), 7.13 (d, J = 3.2 Hz, 1H), 7.19 (d, J= 8.0 Hz, 1H), 7.34 (d, /= 8.0 Hz, 1H), 7.94
(br s, 1H); *C NMR (CDCl;, 100 MHz) ¢: 12.8, 19.9, 36.4, 44.7, 61.4, 110.1, 118.3, 118.4, 121.1,

126.6, 128.2, 135.0, 135.5, 139.2, 160.0, 192.3.

L
»

OEt

Iz __

7¢: Light yellow solid, M.p. 109.7-110.3 °C, 85% yield, 94% ee, [a]p?° = -23.0 (¢ 0.51, CHCly);
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 = 15.28 min; 7,0, = 22.12 min); 'H NMR (CDCl3, 400
MHz) ¢: 1.17-1.21 (m, 3H), 3.45-3.60 (m, 2H), 4.11-4.16 (m, 2H), 4.79-4.83 (m, 1H), 6.83-6.87
(m, 3H), 6.90-6.96 (m, 1H), 7.05-7.09 (m, 1H), 7.17-7.23 (m, 3H), 7.29 (d, J = 8.0 Hz, 1H), 8.01
(br s, 1H); 3C NMR (CDCl;, 100 MHz) §: 12.8, 36.0, 44.6, 61.5, 110.2, 114.3 (d, Jor = 21.3 Hz),
117.0, 118.3 (d, Jor = 28.0 Hz), 120.5, 121.3, 125.2, 128.2 (d, Jcr = 8.3 Hz), 135.6, 137.9, 138.0,
159.9, 160.6 (d, Jcr = 243.3 Hz), 192.0; HRMS (ESI-TOF) m/z: Calcd. for C,0H;sFNNaO;

[M+Na]*: 362.1163; Found: 362.1158.

7d: Product in accordance with literature characterization data!. Light yellow solid, M.p. 110.5-
111.1 °C, 92% yield, 97% ee, [a]p®® = -21.1 (¢ 0.40, CHCl;); The ee was determined by HPLC
analysis using a Chiralpak IB column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm;
Tmgjor = 27.59 Min; Tpyinor = 34.96 min); 'H NMR (CDCl;, 400 MHz) o: 1.17-1.21 (m, 3H), 3.36-

3.42 (m, 1H), 3.59-3.65 (m, 1H), 4.12-4.18 (m, 1H), 5.34-5.37 (m, 1H), 6.92-6.96 (m, 2H), 7.00-

S13



7.12 (m, 4H), 7.19 (d, J = 8.4 Hz, 1H), 7.27-7.30 (m, 1H), 7.35 (d, J = 8.4 Hz, 1H), 8.02 (br s, 1H);
13C NMR (CDCls, 100 MHz) 8: 12.9, 33.2, 43.6, 61.5, 110.2, 115.7, 118.3, 118.5, 121.2, 121.3,

125.4,126.0, 126.9, 128.0, 128.7, 132.4, 135.5, 139.5, 159.9, 191.8.

L,
»

7e: Product in accordance with literature characterization data'. Light yellow solid, M.p. 103.6-

OEt

IZ

104.2 °C, 93% yield, 99% ee, [a]p? = -28.2 (¢ 0.60, CHCl;); The ee was determined by HPLC
analysis using a Chiralpak IB column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm;
Tingjor = 23.16 MiN; Tyyn0 = 12.46 min); 'H NMR (DMSO-ds, 400 MHz) J: 1.21-1.24 (m, 3H), 3.55-
3.62 (m, 1H), 3.70-3.76 (m, 1H), 4.16-4.21 (m, 2H), 4.70-4.73 (m, 1H), 6.89-6.92 (m, 1H), 7.02-
7.06 (m, 1H), 7.30-7.44 (m, 7H), 10.94 (br s, 1H); 3C NMR (DMSO-ds, 100 MHz) J: 14.2, 36.9,
45.1, 62.3, 111.9, 117.1, 118.9, 119.0, 119.5, 121.6, 122.6, 126.5, 130.4, 131.5, 136.9, 144.4,

161.0, 193.0.
O Br
o)

7f: Light yellow solid, M.p. 91.7-92.9 °C, 90% yield, 97% ee, [a]p?® = -25.7 (¢ 0.30, CHCL;);

o OEt

Iz __

The ee was determined by HPLC analysis using a Chiralpak IB column (90/10 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tyg0r = 15.01 min; Ty = 18.49 min); 'H NMR (CDCls, 400
MHz) ¢: 1.19-1.22 (m, 3H), 3.34-3.40 (m, 1H), 3.59-3.65 (m, 1H), 4.14-4.19 (m, 2H), 5.32-5.36
(m, 1H), 6.93-6.98 (m, 3H), 7.04-7.12 (m, 3H), 7.22 (d, /= 8.0 Hz, 1H), 7.36 (d, /= 7.6 Hz, 1H),
7.48-7.51 (m, 1H), 8.01 (br s, 1H); 3C NMR (CDCl;, 100 MHz) ¢: 12.9, 36.0, 43.7, 61.5, 110.2,
115.9, 1184, 118.6, 121.1, 121.4, 123.2, 125.5, 126.7, 127.2, 128.2, 132.0, 135.5, 141.1, 159.9,

191.6; HRMS (ESI-TOF) m/z: Calcd. for Cy0H;sBrNNaO; [M+Na]*: 422.0362; Found: 422.0362.

O O
H5CO
O \ o OEt
N
H

7g: Product in accordance with literature characterization datal. Light yellow solid, M.p. 87.9-
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88.7 °C, 90% vyield, 95% ee, [a]p®® = -51.3 (¢ 0.60, CHCl3); 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;
Tingjor = 32.24 MIN; Tyyinor = 39.12 min); 'H NMR (DMSO-d, 400 MHz) J: 1.19-1.23 (m, 3H), 3.53-
3.60 (m, 1H), 3.64-3.75 (m, 4H), 4.15-4.20 (m, 2H), 4.67-4.71 (m, 1H), 6.68-6.71 (m, 1H), 6.86 (d,
J=2.4Hz, 1H), 7.11-7.15 (m, 1H), 7.20-7.26 (m, 4H), 7.36 (d, J = 7.2 Hz, 2H), 10.74 (br s, 1H);
3C NMR (DMSO-d;, 100 MHz) §: 14.2, 37.5, 45.4, 55.8, 62.3,101.2, 111.4, 112.5, 117.4, 123.2,

126.5, 127.0, 128.1, 128.7, 132.0, 144.8, 153.4, 161.1, 193.3.
Br.

O O
HsCO
O \ & OEt
N
H

7h: Light yellow solid, M.p. 103.8-104.6 °C, 93% yield, 96% ee, [a]p** = -46.0 (c 0.27, CHCL;);
The ee was determined by HPLC analysis using a Chiralpak IF column (97/3 hexane/i-PrOH; flow
rate: 1.0 mL/min; A = 254 nm; T, = 42.95 min; 7,0 = 59.98 min); 'H NMR (DMSO-d;, 400
MHz) ¢: 1.21-1.24 (m, 3H), 3.54-3.60 (m, 1H), 3.66-3.75 (m, 4H), 4.16-4.22 (m, 2H), 4.65-4.69
(m, 1H), 6.69-6.72 (m, 1H), 6.86 (d, J= 2.4 Hz, 1H), 7.21-7.23 (m, 2H), 7.32-7.34 (m, 2H), 7.41-
7.45 (m, 2H), 10.77 (br s, 1H); 3C NMR (DMSO-ds, 100 MHz) ¢: 14.2, 36.8, 45.1, 55.8, 62.3,
101.2, 111.5, 112.6, 116.9, 119.5, 123.3, 126.8, 130.4, 131.5, 132.0, 144.3, 153.4, 161.0, 193.1;

HRMS (ESI-TOF) m/z: Calcd. for C,Hz0BrNNaO4 [M+Na]™: 452.0468; Found: 452.0474.

7i: Light yellow solid, M.p. 101.7-102.9 °C, 93% yield, 92% ee, [a]p** = -40.3 (¢ 0.35, CHCL;);
The ee was determined by HPLC analysis using a Chiralpak ID column (85/15 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Ty40- = 9.84 min; Tpimer = 14.91 min); 'H NMR (CDCl;, 400
MHz) ¢: 1.18-1.22 (m, 3H), 3.33-3.39 (m, 1H), 3.57-3.63 (m, 1H), 3.67 (s, 3H), 4.13-4.19 (m, 2H),
5.26-5.30 (m, 1H), 6.70-6.73 (m, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.91-6.96 (m, 2H), 7.04-7.12 (m,
3H), 7.47-7.49 (m, 1H), 7.97 (br s, 1H); 3C NMR (CDCl;, 100 MHz) J: 12.6, 35.6, 43.5, 54.5,
61.3, 100.0, 110.6, 111.1, 115.5, 121.4, 122.9, 125.6, 126.5, 126.9, 127.9, 130.3, 131.7, 140.9,

152.6, 159.6, 191.4; HRMS (ESI-TOF) m/z: Calcd. for C;;HyBrNNaO4 [M+Na]": 452.0468;
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Found: 452.0464.

Cl

QL
H5CO
O \ o OEt
N
H

7j: Light yellow solid, M.p. 90.9-91.6 °C, 92% yield, 91% ee, [a]p?® = -34.1 (¢ 0.40, CHCL;);
The ee was determined by HPLC analysis using a Chiralpak ID column (90/10 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Ty = 14.46 min; Ty = 21.64 min); 'H NMR (DMSO-dy,
400 MHz) ¢: 1.21-1.24 (m, 3H), 3.54-3.60 (m, 1H), 3.66-3.75 (m, 4H), 4.16-4.22 (m, 2H), 4.67-
4.70 (m, 1H), 6.69-6.72 (m, 1H), 6.86 (d, J = 2.4 Hz, 1H), 6.69-6.72 (m, 1H), 6.86 (d, J= 2.4 Hz,
1H), 7.21-7.23 (m, 2H), 7.29-7.31 (m, 2H), 7.38-7.41 (m, 2H), 10.77 (br s, 1H); 3C NMR
(DMSO-ds, 100 MHz) J: 14.2, 36.8, 45.1, 55.8, 62.3, 101.2, 111.5, 112.5, 117.0, 123.3, 126.8,
128.6, 130.0, 131.0, 132.0, 143.9, 153.4, 161.0, 193.1; HRMS (ESI-TOF) m/z: Calcd. for

C,1Hy0CINNaO,4 [M+Na]*: 408.0973; Found: 408.0973.

o
o]
HiCO
O \ 4 OEt
N
H

7k: Light yellow solid, M.p. 89.9-90.6 °C, 93% yield, 92% ee, [a]p?* = -36.1 (¢ 0.24, CHCly);
The ee was determined by HPLC analysis using a Chiralpak ID column (85/15 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tg0r = 9.59 min; Tpime = 13.82 min); 'H NMR (CDCls, 400
MHz) ¢: 1.19-1.22 (m, 3H), 3.36-3.42 (m, 1H), 3.59-3.65 (m, 1H), 3.67 (s, 3H), 4.14-4.19 (m, 1H),
5.29-5.32 (m, 1H), 6.71-6.73 (m, 1H), 6.81 (d, /= 2.4 Hz, 1H), 6.92 (d, J=2.4 Hz, 1H), 7.02-7.04
(m, 2H), 7.10-7.14 (m, 2H), 7.28-7.30 (m, 1H), 7.93 (br s, 1H); 3C NMR (CDCl;, 100 MHz) J:
12.9, 33.1, 43.5, 54.7, 61.5, 100.2, 110.9, 111.4, 121.6, 125.9, 126.1, 126.9, 128.0, 128.7, 130.6,
132.4, 139.5, 152.9, 159.9, 191.7; HRMS (ESI-TOF) m/z: Calcd. for C;;H,yCINNaO, [M+Na]*:

408.0973; Found: 408.0973.

o
o]
o]
H3CO
O \ J OEt
N
H

71: Light yellow solid, M.p. 91.3-92.2 °C, 87% yield, 95% ee, [a]p?° = -50.2 (¢ 0.27, CHCL;);
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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- = 10.91 min; Ty, = 18.15 min); 'H NMR (CDCls, 400
MHz) J: 1.20-1.23 (m, 3H), 3.35-3.41 (m, 1H), 3.58-3.65 (m, 1H), 3.69 (s, 3H), 4.15-4.20 (m, 2H),
5.32-5.35 (m, 1H), 6.72-6.77 (m, 2H), 6.92-6.98 (m, 2H), 7.03-7.05 (m, 1H), 7.11 (d, J = 8.8 Hz,
1H), 7.21-7.23 (m, 1H), 7.97 (br s, 1H); 3C NMR (CDCl;, 100 MHz) ¢: 12.7, 33.8, 43.1, 54.6,
61.4, 99.9, 110.7, 111.3, 115.0, 121.5, 125.5, 125.9, 126.1, 127.5, 130.4, 130.5, 132.1, 141.8,
152.8, 159.6, 191.2; HRMS (ESI-TOF) m/z: Calcd. for C;1H;9Cl,NNaO4 [M+Na]*: 442.0583;

Found: 442.0586.
e
0
cl O \ & ‘ot
N

H

7m: Light yellow solid, M.p. 111.3-112.9 °C, 93% yield, 92% ee, [a]p**=-39.2 (¢ 0.31, CHCl;);
The ee was determined by HPLC analysis using a Chiralpak IC column (97/3 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; T, = 16.49 min; Ty = 18.34 min); 'H NMR (DMSO-dg,
400 MHz) o: 1.22-1.25 (m, 3H), 3.49-3.55 (m, 1H), 3.77-3.83 (m, 1H), 4.18-4.24 (m, 2H), 5.18-
5.22 (m, 1H), 6.95-6.98 (m, 1H), 7.17-7.24 (m, 2H), 7.33-7.44 (m, 5H), 11.14 (br s, 1H); 3C
NMR (DMSO-dg, 100 MHz) J: 19.0, 38.3, 49.3, 67.1, 116.4, 121.4, 124.2, 124.9, 129.3, 130.1,
131.3, 132.6, 133.2, 134.4, 134.6, 137.6, 141.9, 146.2, 165.5, 197.3; HRMS (ESI-TOF) m/z:

Calcd. for C,0H7CI,NNaO; [M+Na]*: 412.0478; Found: 412.0477.

HaC.

QL
\ 4 OEt
N

Cl H

7n: Light yellow solid, M.p. 98.1-99.5 °C, 89% yield, 91% ee, [a]p?* = -30.2 (¢ 0.19, CHCly);
The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Ty = 19.28 min; Ty, = 17.69 min); 'H NMR (CDCl;, 400
MHz) ¢: 1.18-1.22 (m, 3H), 2.20 (s, 3H), 3.43-3.59 (m, 2H), 4.12-4.17 (m, 2H), 4.73-4.77 (m, 1H),
6.88-6.93 (m, 2H), 6.98 (d, J= 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 7.17-7.20 (m, 2H), 7.98 (br s,
1H); BC NMR (CDCl;, 100 MHz) ¢: 11.8, 18.9, 35.2, 43.5, 60.5, 109.0, 118.1, 118.2, 120.0,
125.5, 127.2, 134.2, 134.8, 137.9, 1589, 191.0; HRMS (ESI-TOF) m/z: Calcd. for
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C,1HyoCINNaO; [M+Na]*: 392.1024; Found: 392.1027.

E
L,
O \ & O&t
N
Cl H

70: Light yellow solid, M.p. 100.6-101.9 °C, 88% yield, 90% ee, [a]p?’=-37.5 (¢ 0.17, CHCl;);
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; T, = 15.85 min; 7,0 = 14.34 min); 'H NMR (DMSO-d,, 400
MHz) ¢: 1.21-1.25 (m, 3H), 3.54-3.60 (m, 1H), 3.69-3.76 (m, 1H), 4.17-4.22 (m, 2H), 4.70-4.74
(m, 1H), 6.92-6.94 (m, 1H), 7.04-7.09 (m, 2H), 7.36-7.40 (m, 5H), 11.08 (br s, 1H); 3C NMR
(DMSO-ds, 100 MHz) J: 19.0, 41.2, 50.1, 67.0, 116.3, 120.1 (d, Jcr = 21.0 Hz), 122.6, 123.9,
125.2,128.5, 130.1, 131.2, 134.6 (d, Jcr = 7.8 Hz), 142.0, 145.6, 165.7, 165.9 (d, Jcr = 240.1 Hz),
197.7; HRMS (ESI-TOF) m/z: Caled. for C,0H;7CIFNNaO; [M+Na]*: 396.0773; Found: 396.0780.

F

e,
\ I OEt
N

Cl H

7p: Light yellow solid, M.p. 101.6-102.7 °C, 92% yield, 91% ee, [a]p?* = -41.2 (c 0.32, CHCL;);
The ee was determined by HPLC analysis using a Chiralpak IC column (97/3 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tygor = 17.17 min; Tyiner = 14.59 min); 'H NMR (CDCls, 400
MHz) ¢: 1.20-1.23 (m, 3H), 3.44-3.50 (m, 1H), 3.54-3.60 (m, 1H), 4.14-4.20 (m, 2H), 4.77-4.81
(m, 1H), 6.77-6.82 (m, 1H), 6.87-6.96 (m, 3H), 7.01 (d, J = 8.0 Hz, 1H), 7.12-7.23 (m, 3H), 8.06
(br's, 1H); 3C NMR (CDCl;, 100 MHz) ¢: 12.9, 36.2, 44.3, 61.7, 110.2, 112.7 (d, Jcr = 21.2 Hz),
113.6 (d, Jorp = 20.2 Hz), 116.8, 119.1, 119.4, 121.1, 122.4, 123.8, 127.4, 129.0 (d, Jcr = 8.1 Hz),
135.9, 144.6, 144.7, 159.8, 161.9 (d, Jor = 241.3 Hz), 191.6; HRMS (ESI-TOF) m/z: Calcd. for

C,0H,7CIFNNaO; [M+Na]*: 396.0773; Found: 396.0770.

Cl

L,
\o OEt
N

Cl H

7q: Light yellow solid, M.p. 102.4-103.5 °C, 89% yield, 91% ee, [a]p** = -43.3 (c 0.47, CHCly);

The ee was determined by HPLC analysis using a Chiralpak IE column (95/5 hexane/i-PrOH; flow
S18



rate: 1.0 mL/min; A = 254 nm; Ty = 17.26 min; Ty = 15.02 min); '"H NMR (DMSO-ds, 400
MHz) ¢: 1.22-1.25 (m, 3H), 3.55-3.62 (m, 1H), 3.70-3.77 (m, 1H), 4.17-4.23 (m, 2H), 4.70-4.74
(m, 1H), 6.92-6.95 (m, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.36-7.40 (m, 5H), 11.10 (br s, 1H); 3C
NMR (DMSO-ds, 100 MHz) J: 19.0, 41.3, 49.9, 67.1, 116.3, 122.3, 124.0, 125.1, 128.6, 130.1,
131.2, 133.4, 134.8, 135.9, 142.0, 148.4, 165.6, 197.6; HRMS (ESI-TOF) m/z: Calcd. for

CyoH7C1,NNaO; [M+Na]*: 396.0773; Found: 396.0780.

Br.

O O
O \ o OEt
N
Cl N

7r: Light yellow solid, M.p. 107.1-108.9 °C, 92% yield, 91% ee, [a]p*° = -21.0 (¢ 0.15, CHCl5);
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; Tygor= 19.41 min; 7,0, = 16.46 min); 'H NMR (CDCls, 400 MHz)
0: 1.22-1.25 (m, 3H), 3.55-3.62 (m, 1H), 3.70-3.76 (m, 1H), 4.17-4.22 (m, 2H), 4.68-4.72 (m, 1H),
6.92-6.95 (m, 1H), 7.30-7.44 (m, 7H), 11.10 (br s, 1H); 3C NMR (CDCl;, 100 MHz) ¢: 14.2, 36.6,
45.1, 62.3, 111.5, 117.5, 119.3, 119.6, 120.4, 123.8, 125.3, 126.5, 130.4, 131.6, 137.2, 144.1,
160.9, 192.8; HRMS (ESI-TOF) m/z: Calcd. for C;0H;7BrCINNaO; [M+Na]™: 455.9973; Found:

455.9978.
O Br
]
O \ ¢ Ot
cl N

7s: Light yellow solid, M.p. 110.7-111.6 °C, 89% yield, 97% ee, [a]p?’ = -17.2 (c 0.20, CHCl5);
The ee was determined by HPLC analysis using a Chiralpak IC column (97/3 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Ty = 14.39 min; 7,0, = 16.20 min); 'H NMR (CDCl3, 400
MHz) ¢: 1.20-1.24 (m, 3H), 3.32-3.38 (m, 1H), 3.56-3.63 (m, 1H), 4.16-4.21 (m, 2H), 5.27-5.31
(m, 1H), 6.89-6.99 (m, 3H), 7.05-7.07 (m, 2H), 7.19-7.24 (m, 2H), 7.48-7.50 (m, 1H), 8.10 (br s,
1H); 13C NMR (CDCl;, 100 MHz) ¢: 12.9, 35.8, 43.6, 61.7, 110.1, 116.1, 119.2, 119.3, 121.7,
123.1, 124.0, 126.7, 127.3, 127.4, 128.0, 132.1, 135.8, 140.8, 159.9, 191.6; HRMS (ESI-TOF) m/z:

Calcd. for C,0H7BrCINNaO; [M+Na]*: 455.9973; Found: 455.9971.
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OCHj
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7t: Product in accordance with literature characterization data'. Light yellow solid, M.p. 101.7-
102.5 °C, 89% yield, 90% ee, [a]p?® = -23.0 (¢ 0.15, CHCl;); The ee was determined by HPLC
analysis using a Chiralpak IC column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm;
Tngjor = 9.50 MiN; Tpjnor = 8.82 min); 'H NMR (DMSO-d, 400 MHz) o: 3.55-3.61 (m, 1H), 3.70-
3.76 (m, 4H), 4.69-4.73 (m, 1H), 6.87-6.91 (m, 1H), 7.00-7.04 (m, 1H), 7.10-7.15 (m, 1H), 7.22-
7.39 (m, 7H), 10.89 (br s, 1H); 3C NMR (DMSO-d,, 100 MHz) ¢: 37.4, 45.5, 53.1, 111.9, 117.7,

118.8,119.1, 121.5, 122.5, 126.5, 126.6, 128.1, 128.7, 136.8, 144.9, 161.4, 192.8.

QL
O \ ¢ ©OCHs
HsCO ”

7u: Product in accordance with literature characterization data'. Light yellow solid, M.p. 121.3-
122.8 °C, 90% vyield, 94% ee, [0]p?® = -23.5 (¢ 0.25, CHCls); The ee was determined by HPLC
analysis using a Chiralpak IC column (97/3 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm;
Tpngjor = 25.10 min; Tpyin0 = 20.79 min); 'H NMR (DMSO-ds, 400 MHz) o: 3.54-3.61 (m, 1H), 3.67-
3.76 (m, 7H), 4.66-4.70 (m, 1H), 6.68-6.71 (m, 1H), 6.85 (d, /= 1.2 Hz, 1H), 7.11-7.15 (m, 1H),
7.20-7.26 (m, 4H), 7.36 (d, J = 7.6 Hz, 2H), 10.73 (br s, 1H); '*C NMR (DMSO-ds, 100 MHz) J:
374,454, 53.1,55.8,101.2, 111.4, 112.5, 117.4, 123.2, 126.5, 127.0, 128.1, 128.7, 132.0, 144.8,

153.3, 161.5,192.8.

7w: Product in accordance with literature characterization data!. Light yellow solid, M.p. 80.0-
81.7 °C, 68% vyield, 52% ee, [a]p?® = -15.6 (¢ 4.0, CHCls); 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;
Tpgjor = 15.67 min; Tpyinor = 14.84 min); 'H NMR (DMSO-ds, 400 MHz) o: 1.20-1.24 (m, 3H), 3.55-
3.61 (m, 1H), 3.67-3.74 (m, 4H), 4.16-4.21 (m, 2H), 4.70-4.73 (m, 1H), 6.91-6.95 (m, 1H), 7.08-

7.15 (m, 2H), 7.22-7.26 (m, 3H), 7.33-7.36 (m, 3H), 7.41 (d, J = 7.6 Hz, 1H); 3C NMR (DMSO-
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dgs, 100 MHz) ¢6: 14.2,32.8, 37.3, 45.4, 62.3, 110.1, 117.0, 118.9, 119.3, 121.7, 126.6, 126.9, 127.0,

128.1, 128.7,137.2, 144.8, 160.9, 193.0.

10. The gram scale synthesis of the bipyridine-2NO ligand L1a

0 — — —
A O
@\Hi@ + =N \N / EtOH @ @‘Q
o= =0 N— N
1a (25) 2 Oﬁ%\% <Nj =0

reflux, 12 h
1.37 g, 7.2 mmol 0.64 g, 3.0 mmol
intermediate

- : Wan
it YN N
S 3 . N 2.2 eq m-CPBA
£ N \E
: o + N0 O=N_S (0]
v @ DCM, rt, 30 min
L1a

0.88 g, 50% overall yield
>20:1dr

In a sealed tube equipped with a magnetic stirring bar, bipyridine-dicarbaldehyde 2 (0.64 g, 3.0
mmol) and optically pure prolinamide 1a (1.37 g, 7.2 mmol) were added. Then, anhydrous ethanol
(30.0 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 3a.

For the oxidation step, see: X. Liu, L. Lin and X. Feng, Chiral N,N'-dioxide ligands: synthesis,
coordination chemistry and asymmetric catalysis, Org. Chem. Front.,2014,1, 298-302. In a
sealed tube equipped with a magnetic stirring bar, to the intermediate 3 was added 20.0 mL of
DCM and m-CPBA (2.2 eq). The reaction mixture was stirred at 0 °C for 30 min. After completion
of the reaction, as indicated by TLC, the aftertreatment residue was purified by flash column

chromatography to furnish the bipyridine-2NO ligand L1a (0.88 g, 50% overall yield, >20:1 dr).

11. Control experiments and HPLC spectra for compound 7a

S21



o Ni(OTf), (3.0 mol%) O o

L (3.3 mol%)

O \ o OEt
DCM, rt. 16 h N
H

61% yield, +3% ee 81% yield, +62% ee 67% yield, -3% ee

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (3.0 mol %),
L (3.3 mol %) in 3.0 mL of CH,CI, was added 5 (0.30 mmol), and 6 (0.20 mmol). The reaction
mixture was stirred at room temperature for 16 h and was directly loaded onto a silica gel and
purified by flash chromatography to give the desired product 7a, using hexane/EtOAc (10/1, v/v)

as the eluent.

WD A, Wavelength=254 nm (L-HP-w-1.00
mL ]~
200 =
260 = »
E Ph
200 = N’\\
150_2 7O<ij\\o
100—5 L1a e}
p i)
50 = 93% yield, +99% ee &
e 1 o
u] : . B .
I T I T T
10 20 30 40 S0min
(4] [+]
# Time Area Height Width Area% Symmetry
1 300643 521543 335.8 20832 99,455 0,373
2 39165 256.2 3.3 1.0783 0.545 0.49
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VWD A, Wavelength=254 nm (L-XKLBPY-1.0)

mél - o
120 =| Ph, s N N
3 N
100 = O%Q o
80 - =
= L2a T
40 - 87% yield, +58% ee
20— -
D — — ciame ———
| Ea T T T I T |
10 20 30 40 S0 rmin
] [+
# Time Area Height Width Area% Symmetry
1 32.719 26277.6 159.6 2.2208 79,052 0.362
2 41,993 £9650.5 43,4 2,085 20.941 0,402

WD A, Wawelength=254 nm (L-Cv'L-B-200.00

maLl -
50 —
01—
a0 -
207
D = l—
T T T T T
10 20 20 an 50 min
[o] [+]
& Time Area Height Width Area% Symmektry
1 29.62 15957.8 55.7 3.11 52,4582 0,409
z 37,821 14475.5 51,5 Z.9403 47.515 0,513
WD &, Wawelength=253 nm (L-HP-Laa-1 D)
mdd | = o Tt
= t
100
80-=
0 —
40—
20
5 61% yield, +3% ee
[ I O L -
T T T T T
10 20 20 <0 S0 min
[«1 [+]
[ Time Area Height Width Area% Symmetry
1 33,75 15175.1 119.3 2,083 51,526 0.561
= 43,311 17095.5 a1.56 2.5007 45,474 0.354
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Wik A, Wavelength=254 nm (L-HP- L5400

10 20 30 40 50 min
[ [+]
& Time Area Height Width Area® Symmetry
1 34.559 9756.1 61.2 2.1454 50.849 0.373
2 44,329 2311 12,5 3.0705 19,151 0,43

WD AL ravelength=254 nm (L-HP-LGA. D)
m)"LI_E =] g
200 P Q Ph
- N N
150 = o=".) =0
5 Nio 0N~
100 =
- L6a
50
E 67% yield, -3% ee
o=
T T T T T
10 20 30 40 50 min
[+] [+]

& Time Area Height Width Area%s Symmekry
[1 ] =440z | 405084 | 256.5 [ zossz [ 48137 [ n03s |
[ 2 | 44a7a | 436433 | 221.2 | 267a | sises [ 0355 |
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13. X-ray crystal data for compounds 4a, 4c and 7e

e

4a

CCDC 2295226

Table S1 Crystal data and structure refinement for 4a

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A, b/A, c/A

a/°, B/°, y/°,
Volume/A3

Z

Pealcg/cm’?

wmm-!

F(000)

Radiation

Crystal size/mm?>
20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

4a
CyHy0N4,O
356.42
126(10)
orthorhombic
P2:2:2;

6.83171(10), 16.1053(2), 16.2446(2)

90, 90, 90
1787.34(4)

4

1.325

0.668

752.0

CuKa (A= 1.54184)
0.15x 0.13 x 0.11
7.73 to 154.122

8<h<6,-20<k<17,-20<1<20
15544

3620 [Riy = 0.0266, Ryjgmy = 0.0133]
3620/0/245

1.063

R, = 0.0283, wR, = 0.0711

R, = 0.0285, wR;, = 0.0712
0.18/-0.15

0.04(11)/-0.01(5)

Crystal Data for C,,H,0N,O (M =356.42 g/mol): orthorhombic, space group P2,2,2 (no.
19),a= 6.83171(10) A, b= 16.1053(2) A, c= 16.2446(2) A, V= 178734(4) A3, Z= 4,T=
126(10) K, uw(Cu Ka)) = 0.668 mm!, Dcalc = 1.325 g/cm?, 15544 reflections measured (7.73° <20
< 154.122°), 3620 unique (Rin; = 0.0266, Ryigma = 0.0133) which were used in all calculations. The
final R, was 0.0283 (I > 25(I)) and wR, was 0.0712 (all data).
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Cl

CCDC 2288367

Table S2 Crystal data and structure refinement for 4c

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A, b/A, c/A

a/°, B/°, y/°,
Volume/A3

Z

Pealcg/cm’?

wmm-!

F(000)

Radiation

Crystal size/mm?>
20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

4c
CpH;4CIN,O
390.86
120.01(11)
orthorhombic
P2:2:2;

6.01670(10), 16.8651(2), 18.0753(2)

90, 90, 90
1834.14(4)

4

1.415

2.012

816.0

Cu Ko (A= 1.54184)
0.15 % 0.1 x 0.08
7.168 to 148.652

3<h<7,-21<k<20,-22<1<22
9702

3654 [Riy = 0.0319, Ryjgma = 0.0346]
3654/0/253

1.042

R, = 0.0288, WR, = 0.0754

R, =0.0301, wR, = 0.0763
0.20/-0.26

0.018(7)/0.014(70)

Crystal Data for Cp,H9CIN,O (M =390.86 g/mol): orthorhombic, space group P2,2,2 (no.
19),a= 6.01670(10) A, b= 16.8651(2) A, c= 18.07532Q) A, V= 1834.14(4) A3, Z= 4,T=
120.01(11) K, uw(Cu Ka)) = 2.012 mm'!, Dcalc = 1.415 g/ecm3, 9702 reflections measured (7.168° <
20 < 148.652°), 3654 unique (Rin = 0.0319, Rgigma = 0.0346) which were used in all calculations.
The final R, was 0.0288 (I > 2o(I)) and wR, was 0.0763 (all data).
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Table S3 Crystal data and structure refinement for 7e

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A, b/A, c/A

a/°, B/°, y/°,
Volume/A3

Z

Pealcg/cm’?

wmm-!

F(000)

Radiation

Crystal size/mm?>
20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

Te

CyoH sBrNO3
400.26
99.99(10)
orthorhombic
P2:2:2;

9.49786(7), 12.22987(9), 14.93872(11)

90, 90, 90
1735.25(2)

4

1.532

3.387

816.0

CuKa (A= 1.54184)
0.15x 0.12 x 0.11
9.346 to 143.776

8<h<l1l,-15<k<14,-17<1<18
8067

3324 [Rip = 0.0191, Ryjgm, = 0.0217]
3324/5/231

1.063

R, = 0.0209, wR; = 0.0560

R, =0.0211, wR, = 0.0561
0.40/-0.36

-0.015(6)/-0.006(5)

Crystal Data for Cy0H;sBrNO; (M =400.26 g/mol): orthorhombic, space group P2,2,2; (no.
19),a= 9.49786(7) A, b= 12.22987(9) A, c= 14.93872(11) A, V= 1735.25Q2)A3,Z= 4,T=
99.99(10) K, u(Cu Ka) = 3.387 mm™!, Dcalc = 1.532 g/cm?, 8067 reflections measured (9.346° <
20 < 143.776°), 3324 unique (Rin = 0.0191, Rgigma = 0.0217) which were used in all calculations.
The final R, was 0.0209 (I > 2o(I)) and wR, was 0.0561 (all data).
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14. The copies of 'TH NMR, 3C NMR and HPLC spectra for compounds L, 4 and 7
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'H and 3C NMR of L1b
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'H and 3C NMR of L1c
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'H and C NMR of L1d
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'H and 3C NMR of L1e
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'H and 3C NMR of L1f
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'H and 3C NMR of L1g
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'H and 3C NMR of L1h
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'H and 3C NMR of L1i
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'H and 3C NMR of L1j
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'H and 3C NMR of L1k
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'H and 3C NMR of L1l
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'H and 3C NMR of L1m
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'H and 3C NMR of L1n
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'H and 3C NMR of L4a
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'H and 3C NMR of L6a
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'H and 3C NMR of L2b
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'H and 3C NMR of L2c¢
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'H and 3C NMR of L2d
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I'H and 13C NMR of 4a
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'H and 13C NMR of 4¢
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'H and 3C NMR of L5a
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'H and 13C NMR of 7a
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HPLC of 7a
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'H and 3C NMR of 7b
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HPLC of 7b

WD A, Wavelength=254 nm (L-CYL-B-13-2.I0
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'H and 13C NMR of 7¢
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HPLC of 7¢
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£ g I [ 3 i I I 3 J [ T i
5 10 15 20 25 30 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 16,132 21926.7 190.8 1.5435 50.210 0.332
2 23.062 21743.1 141.4 2.5637 49,790 0.309
WD A, Wavelength=254 nm (L-HP-0=17 .00
médl - Q
1400 =
1200 =
1000 =
800~
B0 -
400 = &
200 &
= o
0- 4 f 1
T [ I [ T ]
g 10 18 20 25 min
[ []
# Time Area Height Width Area% Symmetry
1 15,276 1254148 15211 1.1219 97,110 0.347
2 22,12 37324 376 1.3627 2,890 0.511
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'H and 3C NMR of 7d
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HPLC of 7d

WD A, Whavelength=254 nm (LCYL-B-161.0)

mALl = w o
: i
120 T
100 -]
80—
50—
40—
20—
(=] e
T T T 3
10 20 30 min
Kl [+]
& Time Area Height Width Area% Symmetry
1 26,323 9313.7 135.5 1.0186 o0.654 0,489
2 3443 a073.1 115.7 1.1732 49,346 0.627
WD A, W avelength=254 nm (L-HP-N-29.00
maLl g
800~
600 -
400 -
4 o+
200 g
: :
a ] e 1
B ) I T I T I Lo ety g
5 10 15 20 258 20 25| min
[+]
# Time Area Height Width Area% Symmetry
1 27,59 75835.1 972.9 1.1664 95,731 0.279
z2 34,964 974.4 15.2 0.9528 1.269 0.636
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'H and 13C NMR of 7e
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HPLC of 7e

WD A, Wavelength=254 nm (L-CYL-B-173.0)

25.4521

=
[
()
ol bl ol
T

# Time Area Height Width Area% Symmetry
1 16.359 11935.3 150.7 1.0738 50,192 0.365
2 26,521 118441 108 1.8283 40,803 0.47

YD1 A, Wavelength=254 nm (L-HF-W.31.D)

# Time Area Height Width Area% Symmetry
1 12,463 474 5.4 1.4679 0,393 0.324
2 23,156 120122 .6 1897.3 1.0552 99,607 0.551
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H and 13C NMR of 7f
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HPLC of 7f

WD A, Wavelength=254 nm (L-CvL-B-17-4.0)

o
800~
700-
600 -
500 -
400~
300~
200~
100
0= -
: T T T o
10 20 a0 A0 min
4] [+]
# Time Area Height Width  Area% Symmetry
1 18.5%4 42411.7 8625 0.8195 50,362 0412
2 22618 41801.3 7324 09513 49,638 0.439
WD A, i avelength=254 nm (L-HP-W-22.00
méll 7
2500
2000
1500—2
1000-=
3| [=]
500- ¥
: e
0- : | :
I T T e T ;
5 10 15 20 25 rrin
[« [+]
# Time Area Height Width Area% Symmetry
1 15.014 1170024 2794.1 0.6155 95,657 0.27
z 18.489 1556.4 40.7 0.5725 1.313 0.773
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'H and 3C NMR of 7g
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HPLC of 7g

WITt A, Wavelength=254 nm (L-CYL-B-T4-2.0)

ma -
180~
100
80—
0-
I | 1 S L | 1 | "
10 20 30 40 a0 G0 70 min
[4] [+
# Time Area Height Width  Area® Symmetry
1 35,454 19608.6 2089 1.5644 49,930 0.302
2 40,523 19663.4 1754 1.6658 50,070 0.271
WD A, Wiavelength=254 nm (L-HP-w-22 .00
mélJ
1000 -
00—
00 -
400 -
] &
i o
200- )
4 0]
] ; e
I [ I ’ [ :
10 20 a0 40 i
il [+]
# Time Area Height Width Area% Symmetry
1 32,244 105260 1115.8 1,3155 97,722 0.234
2 39,124 2453.8 33.1 1.0761 2,278 0.439
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H and 3C NMR of 7h
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HPLC of 7h

WD A, Wavelength=254 nm (L-CYL-B-170-F-97-3.00

mll - w
100 -
50—
60—
40—
20—
] - :
2 T T T T
20 40 60 =0 min
(o] [+]
& Time Area Height Width Area% Symmetry
1 37.005 15435 120.3 1.733 49,955 0,372
2 52,795 15462,9 119.2 21628 50,045 0,353
WD A, Wavelength=2564 nm (L-HP-0:-34.0)
meidl - o)
500—;
400 =
300
200—; )
- 5
100 E =]
=t w
| I : :
T I I T T I
10 20 a0 40 a0 =] min
[+ [+]
# Time Area Height Width Area% Symmetry
1 42,953 SA653.2 &607.5 1.8823 97.953 0.269
2 59,953 15310.5 17.1 1.4752 2.047 0.557

S66




H and 13C NMR of 7i
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HPLC of 7i

VD A, Wavelength=254 nm (L-CYL-B-83-2.0)

maLl - 1]
300 -
5 K,
600 - 7 ,{3?
- o
400 - 2t
200~
u} i L T T T
T T i I o d I 2
5 10 15 20 rin
[+] [+]
# Time Area Height Width Area% Symmetry
1 10,295 23461.3 86,6 04057 40,584 0.637
2 16,491 23851 408.5 0.a73 S0.412 0,244
WD A, Wavelength=254 nm (L-HP-W-25.00
mél ™=
3000
2500—5
2000
1500—5
1000~ -
500- 4
i . | -
i J ! ol o [t S| L7 e
248 & Th 10 12.5 15 min
[« [+]
& Time Area Height Width Area% Symmetry
1 9,54 862868 33795 0,3929 06,232 0.535
2 14,911 3374 113.1 0.4586 3.768 0,699
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'H and 3C NMR of 7]
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HPLC of 7j

VDA A, Wavelength=254 nm (L-CL-B-75-D.[0

mall o
3 m
100 = B
a x|
g0-= ]
£ —
40 =
20—
i} E e A LW AW TN S
[ o T | = i T !
5 10 15 20 25 30 min
[+ [+]
# Time Area Height Width Area% Symmetry
1 15,308 3954.9 125.7 0,481 o0.482 0.577
2 22,693 38794 775 0.7492 49,518 0.524
VD1 A, Wavelength=254 nm (L-HP-W-24-1.01)
mél = =
1800
1250 =
1000
780 N
3 ki
500 = 0
3 8w
2802 o
E o4
= L T T
I I ' I | ' I
{3} 10 18 20 min
[4] [+]
& Time Area Height Width Area% Symmetry
1 14,461 54900,7 1725.2 0.4783 05,703 0.427
2 21,635 2464.4 44 0,9344 4,297 0,575
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H and 3C NMR of 7k
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HPLC of 7k

WD A, Wavelangth=254 nm (L-CY'L-B-29-2.[)

madl = o
350—5
200 = .
E| [
250 = i
= k-
200 = b
150 =
100 =
50 =
o E L o~
5 10 15 20 min
[4] [+
& Time Area Height Width Area% Symmetry
1 10,126 11195.5 415.5 0,4131 49,733 0,635
2 17.857 11315.5 153.8 0.8172 50,267 0.273
WD A, Wavelength=254 nm (L-HP-W-26.00
3000 =
2600 <
2000 <
1800 <
1000 = i
: o
SDD—; o
0 L LA :
[ ] T 5 3 [ I !
i1 10 15 20 min
[4] [+]
# Time Area Height Width Area% Symmetry
| 9,594 109534.1 3755.5 0.4861 95,775 0.403
z 13.817 45317 181.3 0.405 4,225 0.689
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H and 3C NMR of 71
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HPLC of 71

VD A, Wavelength=254 nm (L-CvL-Q-110-A-85-15.0)

malLl - o
F 5
100 i
3 i
20—
G0 —
40~
20—
o- —— ;
T I T T I T
& 10 15 20 25 30 35 rmin
[«] [+]
# Time Area Height Width Area% Symmebry
1 10,718 63207 125.5 0.6955 49,366 0,365
2 17.626 64832 775 1,186 50,634 0.407
WD A, Wavelength=254 nm (L-HP-W-18.0)
mdd | - w
2000
1600
1000
500- i
: :
0- : :
I I I [
g 10 16 20 min
[4] [+
# Time Area Height Width  Area% Symmetry
1 10,908 1276167 22846 0.7687 97.546 0,336
2 18,152 3210.1 30 1,4055 2,454 0.44
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H and 3C NMR of 7Tm
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HPLC of 7Tm

WD A, Wiavelength=254 nm (L-CY'L-B-30-DE7-3.IN

S76

mALl -] @ o
200 -
150 =
100 -
50—
o — !
k K T ? T K I T T !
& 10 15 20 25 min
[« | IO
| # Time Area Height Width Area% Symmetry
1 14,515 6815.5 2339 0.4369 50.171 0,565
2 16,491 6769.3 216 0.4776 49,529 0,654
WD A, Wavelength=254 nm (L-HP-- 12,00
maLl Z
2000 -
1500 —
1000 -
500 -
0 .
T T T T T T T T T
2 10 12 14 16 18 20 22 min
[ [t]
# Time Area Height Width Area% Symmetry
1 16,492 §9686.4 2341.5 0.6354 95,994 0,497
z 18,335 3743.2 92,6 0.6735 4,006 0.74




H and 3C NMR of 7n
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HPLC of 7n

WD A, Wavelength=254 nm (L-CYLB-144.0)

mall - w r
300 - i
260~
200-
150—5
100-
50-
D 5 ——— Jnl\-\_ t
3 | 3 - ' | | | I
f 10 15 20 28 min
[ [+
# Time Area Height ¥Width  Area% Symmetry
1 15,415 103219 326,3 0.4851 20,046 0.621
P4 17.117 103027 254,85 0.58 49,954 0932
WD A, Wavelength=254 nm (L-HP--3.01
méLl =
2850=
300
280
200
150 =
100=
50
0l R i
1 12 14 ® 8 20 2 24 min
[ [}]
# Time Area Height Width Area% Symmetry
1 17,693 855.2 25.1 01,5075 4,580 0,393
2 19,275 17516.1 a77A 07865 95,420 0,886
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'H and 13C NMR of 70
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HPLC of 70

WD A, Wawelength=254 nm (L-CvL-B-81-C.[

mal - b Y
B i@l
q [y
80—
60—
a0
20—
o — o T , I
: e [t = s T L] =
5 10 15 20 25 min
[+ [+]
# Time Area Height Width Area% Symmetry
1 14,991 31323 1025 0,4635 49,520 0.68
z2 17.563 31929 a6.4 0.5659 50,480 0.644
WD A, Wavelangth=254 nm (L-HP-W- 18,00
mLl - o
300
250
2003
150—; "
100 = % ;
z S
50~ I
02 i - 5, .
: T T : T T I
{4} 10 146 20 pria] min
[« [+]
# Time Area Height Width Area% Symmetry
1 14,343 G75.4 30,9 04723 4,965 0.554
2 15.853 16747.3 343.7 0.6914 95,032 0.23
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H and 3C NMR of 7p
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HPLC of 7p

YD A, Wavelength=254 nm (L-CvL-B-81-C.0)

mAl - i o
i Y]
il -
g0-
B0~
40-
20-
i PO i , S
s w5 m 2% min
[ [+]
# Time Area Height Width Area% Symmetry
1 14,991 3132.3 102.8 00,4635 49,520 0,65
2 17.563 3192.9 6.4 0.5659 50,450 0.644
Wl A, W avelength=254 nm (L-HP-W-10.00
=T
500~
an0-
EEIEI—f
5 i
EEIEI—: % R
4 0 -a@
= )
'II:II:IE 1
D: —l"’ﬂh"\-\_l | '
T T | e (e o | T T
= 10 12 14 16 18 20 22 i
4] | O
# Time Area Height Width  Area% Symmetry
| 14,589 12176 9.4 0.5149 4,673 0,643
2 17,171 248411 632.2 0,654 95,327 0,605
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H and 3C NMR of 7q
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HPLC of 7q

YWD A, Wavelength=254 nm (L-Cv'L-B-158.00

h
[am] (=]
il

17.515

4 10 15 20
[«] [+]
-] Time Area Height Width Area% Symmetry
1 14,745 6330.4 211.3 0,4993 50,166 0.464
2 17.515 62886 131.5 0.6899 49,834 0.247
VD A, W avelength=254 nm (L-HP-0-20.00
mal = 3
SDU—E
400 -
SEII:I—E
B @
200 - =
= [v]
100 = -
0= A i
T I | 5 ! I
& 10 16 20 min
[+ [+]
# Time Area Height Width Area% Symmetry
1 15.019 2075.6 63,9 04457 4,674 0,457
2 17,264 42337 614.5 0.9435 95,326 0.z
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'H and 3C NMR of 7r
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HPLC of 7r

VD A W avelength=254 nm (L-CYL-B-159.10

méL -
250 ™
: ~
200- ]
150=
100—5
50—5
i} B v—\_h-}l\ e, T L
5| 1ID 1|5 2IE| 2|5 min
[« [+]
# Time Area Height Width Area% Symmetry
1 15.546 9325 283.4 0.491 50,741 0.412
2 18.722 Q055.6 171.8 0.742 40,250 0.226
WD A, W awelength=254 nm (L-HP-W-21.00
mall - o
400 - i
200-
200-
: g
100~ P
0 _:—.-v-n-._,-._,- |
L e e [ e T e [ o e e o [ o o L [ S s e [
5 10 18 20 25 mn
[ [+]
# Time Area Height Width Area% Symmetry
1 16,457 15939 45.8 0.5255 4,267 0,527
2 19,409 357593 448,58 11166 95,733 0,199
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H and 3C NMR of 7s
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HPLC of 7s

WD A, W avelength=264 nm (L-CvL-B-89-2.00

médl - 0 g
SEID—E
260
200
150
100+
0
0= ' |
[ [ [ I
5 10 15 20 25 min
L] [+
& Time Area Height Width Area% Symmetry
1 15,076 119529 3632 04969 20,008 0,458
é 17,203 119491 3345 0.5465 49,952 0611
WD A, Wavelength=284 nm (L-HP-W-14.0
mil 4]
2000~
1500 -
1000
: T
500 8
] i
- !
| | ' I I |
g 10 18 20 24 30 min
] [+]
# Time Area Height Width Area% Symmetry
1 14,394 1335 44.8 04626 1,464 0,719
2 16,203 898301 2430.6 0.5652 98,536 0.462
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'H and 3C NMR of 7t
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HPLC of 7t

VINDA A, Wavelength=254 nm (L-HP--732-3.00

25 5] /i) 10 125 15 17.5 min

# Time Area Height Width Area% Symmetry
1 5,802 EEL] 429.6 0,349 49,201 0.711
2 9.487 9286.4 410.4 0,3772 50,799 0.666

WD A, Wavelength=254 nm (L-HP-W-724. 00

2821

E Time Area Height Width Area% Symmetry
1 5.821 22532 109.1 0.31589 4.911 0.803
z2 9.502 43627 .2 1956.2 0,3392 95,059 0.725
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H and 3C NMR of 7u
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HPLC of 7u

WU A, W avelength=254 nm (L-HP-U0-F 7500

madl— § @r\?‘
E .
400 5
300~
200 —
1:::0—3
0= — :
E T E T T I z I
5 10 15 20 25 min
[« [+]
# Time Area Height Width Area% Symmetry
1 20,496 29917 499,72 0,8653 20,610 0.441
2 25,05 25291.5 434.7 0, 9696 49,390 0,582

WD A, W avelength=254 nm (L-HP-0:77.00
15005
1280
10005
?SD—E
: P
500~ G
B 8
250—§ 8@@@
0= = I
I I T T o : T T
£ 10 15 20 25 20 min
[«] [+]
& Time Area Height Width Area% Symmetry
1 20,793 3114.3 56 09272 2.871 0.446
2 25,103 105353.8 1745.6 1.0059 97,129 0.681
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I'H and 3C NMR of 7w
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HPLC of 7w

VD A, Wavelength=254 nm (L-CvL-B-280.0)

méll o
3 =]
1000 =
800 -
FO0 —
400 -
200 -
A .
& T T T T T T |
4 10 146 20 25 20 min
[«] [v]
# Time Area Height Width Area% Symmetry
1 14,108 339309 1159.3 0.453 49,342 0,793
z 15,009 34586.6 1035.4 0.5131 50,658 0.667

WD A, Wavelength=254 nm (L-HP-W-35-1.00

i
145494

# Time Area Height Width Area% Symmetry
1 14,544 13621 487.3 04261 24.047 0,927
2 15.67 43021.5 1329 0.4947 75,953 0.634
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