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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
BBCNMR spectra were obtained using a Bruker DPX-400 spectrometer. ‘H NMR chemical shifts
are reported in ppm () 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 (0) 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 Py-2NO ligands L1
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1 EtOH, reflux, 12 h %J DCM, 0 °C, 20 min

In a sealed tube equipped with a magnetic stirring bar, pyridine-2,6-dicarbaldehyde 2 (1.0 mmol)
and optically pure 4-hydroxyprolinamide or prolinamide 1 (2.4 mmol, 2.4 equiv) were added.
Then, anhydrous 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 Py-2NO ligand L1.

3. Characterization data of Py-2NO ligands L1
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Lla: White solid, m.p. 249.1-249.3 °C; yield 61%, >20:1 dr;'"H NMR (CDCls, 400 MHz)
2.53-2.60 (m, 4H), 3.80-3.84 (m, 2H), 3.96 (d, J = 10.8 Hz, 2H), 4.14-4.17 (m, 2H), 4.51-4.53 (m,
2H), 6.05 (s, 2H), 7.19-7.25 (m, 8H), 7.68 (d, J = 7.6 Hz, 2H), 7.89-7.92 (m, 1H); *C NMR
(CDCl3, 100 MHz) ¢: 35.7, 70.2, 73.5, 75.0, 86.0, 122.3, 127.5, 128.6, 131.6, 132.4, 136.7, 148.5,

167.0; HRMS (ESI-TOF) m/z: Calcd. for CagHgNsNaOg [M+Na]*: 566.2008; Found: 566.2002.

@ ©
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L1b: White solid, m.p. 245.3-245.6 °C; yield 59%, >20:1 dr; 'H NMR (CDCl3, 400 MHz) ¢:
2.50-2.61 (m, 4H), 3.80-3.84 (m, 2H), 3.96 (d, J = 10.8 Hz, 2H), 4.14-4.17 (m, 2H), 4.51-4.53 (m,
2H), 6.05 (s, 2H), 7.19-7.24 (m, 8H), 7.68 (d, J = 7.6 Hz, 2H), 7.89-7.92 (m, 1H); °C NMR
(CDCls, 100 MHz) ¢: 35.7, 70.2, 73.5, 75.0, 86.0, 122.3, 127.5, 128.6, 131.6, 132.4, 136.7, 148.5,
167.0; HRMS (ESI-TOF) m/z: Calcd. for CagH,;CI,NsNaOg [M+Na]™: 634.1228; Found:

634.1220.
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L1c: White solid, m.p. 248.6-249.5 °C; yield 60%, 18:1 dr;'H NMR (DMSO-ds, 400 MHz) &
2.23 (s, 6H), 2.31-2.36 (m, 2H), 2.43-2.48 (m, 2H), 3.72 (d, J = 8.4 Hz, 2H), 4.14-4.18 (m, 2H),
4.35-4.39 (m, 2H), 4.44 (s, 2H), 6.79 (s, 2H), 7.10 (d, J = 8.4 Hz, 4H), 7.36 (d, J = 8.4 Hz, 4H),
7.59 (d, J = 8.0 Hz, 2H), 7.84-7.88 (m, 1H); *C NMR (DMSO-dg, 100 MHz) J: 20.9, 36.4, 70.9,

74.9, 76.7, 86.8, 124.5, 128.7, 129.9, 133.4, 136.9, 151.1, 168.8; HRMS (ESI-TOF) m/z: Calcd.

for C31HasNsNaOg [M+Na]*: 594.2323; Found: 594.2325.

L1d: White solid, m.p. 223.5-224.0 °C; yield 62%, >20:1 dr; 'H NMR (CDCls, 400 MHz) ¢:
1.97-2.03 (m, 2H), 2.25-2.36 (m, 4H), 2.46-2.54 (m, 2H), 3.80-3.85 (m, 6H), 6.08 (s, 2H),

7.06-7.10 (m, 2H), 7.19-7.23 (m, 4H), 7.31-7.33 (m, 4H), 7.67 (d, J = 7.6 Hz, 2H), 7.75-7.79 (m,
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1H); *C NMR (CDCl;, 100 MHz) §: 21.7, 23.7, 70.4, 86.8, 120.8, 125.6, 127.2, 128.4, 134.5,
136.6, 149.3, 167.5; HRMS (ESI-TOF) m/z: Calcd. for C,oH2gNsNaO, [M+Na]*: 534.2112; Found:

534.2107.

@

L1e: White solid, m.p. 260.5-260.9 °C; yield 60%, 18:1 dr;'H NMR (DMSO-ds, 400 MHz)
1.99-2.02 (m, 2H), 2.12-2.15 (m, 2H), 2.23-2.33 (m, 4H), 3.62-3.66 (M, 2H), 3.86 (d, J = 6.0 Hz,
2H), 3.96-4.04 (m, 2H), 6.81 (s, 2H), 7.36-7.38 (m, 4H), 7.54-7.57 (m, 4H), 7.61 (d, J = 7.6 Hz,
2H), 7.83-7.87 (m, 1H); *C NMR (DMSO-ds, 100 MHz) §: 22.9, 24.7, 71.7, 77.4, 86.8, 125.2,
128.7, 129.4, 1309, 1351, 137.0, 151.1, 169.5; HRMS (ESI-TOF) m/z: Calcd. for

Ca9H27Cl,NsNaO, [M+Na]": 602.1332; Found: 602.1330.

L1f: White solid, m.p. m.p. 272.5-273.4 °C; yield 27%, 12:1 dr; 'H NMR (DMSO-dg, 400 MHz)
0:1.98-2.00 (m, 2H), 2.12-2.20 (m, 4H), 2.25-2.30 (m, 2H), 3.62-3.66 (m, 4H), 3.93-4.01 (m, 2H),
6.89 (s, 2H), 7.00-7.04 (m, 2H), 7.30-7.37 (m, 4H), 7.59 (d, J = 7.2 Hz, 2H), 7.65 (d, J = 7.6 Hz,
2H), 7.85-7.89 (m, 1H); *C NMR (DMSO-ds, 100 MHz) &: 22.8, 24.5, 71.4, 77.3, 86.4, 109.9 (d,
Jor = 26.2 Hz), 113.3 (d, Jcr = 21.1 Hz), 118.5, 129.0, 131.1 (d, Jcr = 9.0 Hz), 136.8, 137.9 (d, Jcr
= 10.1 Hz), 150.5, 162.7 (d, Jcg = 242.3 Hz), 169.3; HRMS (ESI-TOF) m/z: Calcd. for

CaoH27FNsNaO4 [M+Na]": 570.1923; Found: 570.1918.

Q @
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L1g: White solid, m.p. 268.2-268.9 °C; yield 60%, >20:1 dr; 'H NMR (DMSO-dg, 400 MH2) 6:
1.97-1.99 (m, 2H), 2.13-2.33 (m, 12H), 3.65-3.69 (m, 2H), 3.94-4.03 (m, 4H), 6.75 (s, 2H), 7.06
(d, J = 8.8 Hz, 4H), 7.39 (d, J = 8.4 Hz, 4H), 7.57 (d, J = 7.6 Hz, 2H), 7.76-7.79 (m, 1H); B3¢

NMR (DMSO-dg, 100 MHz) ¢: 21.0, 22.9, 24.6, 71.6, 77.4, 87.4, 123.9, 128.4, 129.9, 133.6, 136.4,
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136.9, 151.5, 169.2; HRMS (ESI-TOF) m/z: Calcd. for C5;H33NsNaO, [M+Na]*: 562.2425; Found:

562.2418.
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L1h: White solid, m.p. m.p. 240.5-241.7 °C; yield 42%, >20:1 dr; ‘H NMR (DMSO-ds, 400
MHz) &: 2.07-2.15 (m, 4H), 2.29 (s, 6H), 2.34-2.37 (m, 4H), 3.80 (s, 2H), 4.10-4.17 (m, 2H), 4.55
(s, 2H), 6.54 (s, 2H), 6.86-6.89 (M, 2H), 7.14-7.25 (m, 6H), 7.42 (d, J = 7.6 Hz, 2H), 7.70-7.74 (m,
1H); BC NMR (DMSO-ds, 100 MHz) §: 18.5, 23.5, 25.6, 72.9, 77.7, 88.4, 127.6, 127.7, 129.2,
131.1, 133.9, 136.8, 137.6, 153.0, 170.4; HRMS (ESI-TOF) m/z: Calcd. for CgzH33NsNaO,

[M+Na]": 562.2425; Found: 562.2419.
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L1i: White solid, m.p. m.p. 243.1-241.4 °C; yield 45%, >20:1 dr;'"H NMR (DMSO-dg, 400
MHz) §: 2.06-2.12 (m, 4H), 2.34-2.36 (m, 4H), 3.78-3.82 (m, 2H), 3.84 (s, 6H), 4.20-4.26 (m, 2H),
4.54-4.55 (m, 2H), 6.31 (s, 2H), 6.67-6.71 (m, 2H), 7.08-7.10 (m, 2H), 7.13 (s, 2H), 7.25-7.29 (m,
2H), 7.50 (d, J = 3.6 Hz, 2H), 7.68-7.72 (m, 1H); *C NMR (DMSO-ds, 100 MHz) §: 23.0, 25.3,
56.4,72.2,77.4,87.7,112.5, 121.3, 122.8, 127.6, 130.6, 131.0, 137.4, 152.6, 155.8, 170.2; HRMS

(ESI-TOF) m/z: Calcd. for C3;H33NsNaOg [M+Na]*: 594.2323; Found: 594.2331.

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

(o}
\
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1 EtOH, reflux, 10 h /
A 3 = L2
2 R

In a sealed tube equipped with a magnetic stirring bar, pyridine-2-carbaldehyde 2 (1.0 mmol)
and optically pure 4-hydroxyprolinamide or prolinamide 1 (1.2 mmol, 1.2 equiv) were added.
Then, anhydrous 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.
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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 (1.2 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 Py-NO ligand L2.

5. Characterization data of Py-NO ligands L2

oH
L2a: Light yellow solid, m.p. 145.7-146.6 °C; yield 68%, >20:1 dr; 'H NMR (DMSO-ds, 400
MHz) d: 2.50-2.54 (m, 2H), 3.74 (d, J = 9.2 Hz, 1H), 4.13-4.17 (m, 1H), 4.46 (d, J = 3.2 Hz, 1H),
4.76-4.80 (m, 1H), 6.75 (br s, 1H), 6.86 (s, 1H), 7.15-7.19 (m, 1H), 7.31-7.35 (m, 2H), 7.38-7.42
(m, 1H), 7.47-7.49 (m, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.83-7.87 (m, 1H), 8.60-8.61 (m, 1H); **C
NMR (DMSO-ds, 100 MHz) ¢: 36.9, 71.1, 75.0, 76.8, 86.6, 122.5, 125.1, 126.5, 127.8, 129.4,
136.3, 137.0, 149.7, 151.6, 169.2; HRMS (ESI-TOF) m/z: Calcd. for Cy;H37N3NaO; [M+Na]':

334.1162; Found: 334.1166.

?30

L2b: Light yellow solid, m.p. 152.5-153.1 °C; yield 65%, >20:1 dr; *H NMR (CDCl;, 400 MHz)
0. 2.19 (s, 3H), 2.65-2.68 (m, 2H), 3.84-3.88 (m, 1H), 3.95 (d, J = 9.2 Hz, 1H), 4.51 (s, 1H),
4.95-4.98 (m, 1H), 5.97 (s, 1H), 7.01 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H), 7.27-7.30 (m,
1H), 7.46 (d, J = 7.6 Hz, 1H), 7.67-7.71 (m, 1H), 8.61-8.63 (m, 1H); **C NMR (CDCl;, 100 MHz)
0:21.0,36.9, 71.5, 74.3, 76.5, 88.4, 122.7, 125.2, 126.4, 130.0, 132.6, 136.8, 137.2, 150.1, 150.2,

168.6; HRMS (ESI-TOF) m/z: Calcd. for C1gH19N3NaO3; [M+Na]": 348.1319; Found: 348.1317.
24
o%o’
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L2c: Light yellow solid, m.p. 154.3-154.7 °C; yield 64%, 18:1 dr; ‘H NMR (DMSO-dg, 400
MHz) d: 2.09-2.13 (m, 1H), 2.24-2.31 (m, 1H), 2.40-2.53 (m, 2H), 3.77-3.81 (m, 1H), 4.06-4.13
(m, 1H), 4.52-4.55 (m, 1H), 7.07 (s, 1H), 7.52-7.65 (m, 5H), 7.74-7.79 (m, 1H), 7.84 (d, J = 8.4
Hz, 1H), 7.97-8.00 (m, 2H), 8.39 (d, J = 8.4 Hz, 1H); *C NMR (DMSO-ds, 100 MHz) : 23.1,
25.0,71.7, 77.6, 87.0, 118.7, 124.4, 124.7, 127.8, 128.3, 128.5, 129.5, 130.4, 132.3, 136.0, 136.4,
147.1, 153.0, 169.9; HRMS (ESI-TOF) m/z: Calcd. for CyH1gBrNsNaO, [M+Na]": 446.0475;

Found: 446.0476.

1%

L2d: Light yellow solid, m.p. 143.5-143.9 °C; yield 64%, >20:1 dr;'"H NMR (DMSO-ds, 400
MHz) §: 2.04-2.07 (m, 1H), 2.17-2.23 (m, 1H), 2.35-2.44 (m, 2H), 3.66-3.70 (m, 1H), 3.96-4.03
(m, 1H), 4.31-4.34 (m, 1H), 6.83 (s, 1H), 7.16-7.20 (m, 1H), 7.32-7.36 (m, 2H), 7.49 (d, J = 7.6
Hz, 2H), 7.65 (d, J = 8.4 Hz, 1H), 8.10-8.12 (m, 1H), 8.71 (d, J = 2.4 Hz, 1H); *C NMR
(DMSO-dg, 100 MHz) &: 23.0, 24.9, 71.7, 77.5, 86.5, 121.5, 122.4, 126.5, 129.4, 129.5, 136.5,
139.4, 150.3, 151.4, 169.8; HRMS (ESI-TOF) m/z: Calcd. for Cy;HisBrN;NaO, [M+Na]'":

396.0318; Found: 396.0322.

Q o
oYW
YN)

3d: Light yellow solid, m.p. 182.0-182.8 °C; yield 88%, >20:1 dr; '"H NMR (DMSO-ds, 400
MHz) d: 2.09-2.12 (m, 1H), 2.22-2.28 (m, 1H), 2.39-2.50 (m, 2H), 3.71-3.75 (m, 1H), 4.01-4.08
(m, 1H), 4.36-4.39 (m, 1H), 6.87 (s, 1H), 7.21-7.25 (m, 1H), 7.37-7.41 (m, 2H), 7.53-7.56 (m, 2H),
7.70 (d, J = 8.0 Hz, 1H), 8.15-8.17 (m, 1H), 8.76 (d, J = 2.4 Hz, 1H); *C NMR (DMSO-ds, 100
MHz) ¢: 24.9, 27.9, 56.0, 64.6, 82.5, 120.0, 121.2, 124.1, 125.1, 129.2, 137.9, 140.3, 150.5, 157.7,

175.1; HRMS (ESI-TOF) m/z: Calcd. for C17H16BrN3sNaO [M+Na]": 380.0369; Found: 380.0375.

6. General procedure for preparation of chiral ligand L4a
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In a sealed tube equipped with a magnetic stirring bar, benzaldehyde 2 (1.0 mmol) and optically
pure 4-hydroxyprolinamide 1 (1.2 mmol, 1.2 equiv) were added. Then, anhydrous 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 (1.2 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 ligand L4a.

7. Characterization data of chiral ligand L4a

L4a: white solid; yield 75%, >20:1 dr; *H NMR (DMSO-dg, 400 MHz) &: 2.45-2.57 (m, 2H),
3.69 (d, J = 11.6 Hz, 1H), 4.07-4.11 (m, 1H), 4.48 (s, 1H), 4.77-4.80 (m, 1H), 6.80 (s, 1H),
7.16-7.19 (m, 1H), 7.32-7.38 (m, 5H), 7.50-7.53 (m, 4H); *C NMR (DMSO-ds, 100 MHz) &: 36.7,
70.8, 75.4, 76.5, 87.7, 123.1, 126.7, 128.5, 129.5, 130.3, 130.4, 131.7, 136.2, 168.1; HRMS

(ESI-TOF) m/z: Calcd. for C1gH1sN,NaO; [M+Na]*: 333.1210; Found: 333.1206.

8. General procedure for preparation of chiral ligand L6a

(]
HO, !
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O\(o 7 (j\( 10equPBA Q\/N
H HN-Ph N
EtOH, reflux, 12 h DCM, 0 °C, 20 min SJ

In a sealed tube equipped with a magnetic stirring bar, pyridine-2,6-dicarbaldehyde 2 (1.0 mmol)
and optically pure 4-hydroxyprolinamide or prolinamide 1 (2.4 mmol, 2.4 equiv) were added.
Then, anhydrous 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
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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 L6a.

9. Characterization data of chiral ligand L6a

’b@

OH

L6a: White solid, m.p. 222.1-223.4 °C; yield 41%, >20:1 dr; '"H NMR (DMSO-dgs, 400 MHz)
1.84-1.90 (m, 1H), 2.15-2.26 (m, 2H), 2.41-2.44 (m, 1H), 2.95-2.98 (m, 1H), 3.21 (d, J = 10.0 Hz,
1H), 3.64 (d, J = 11.2 Hz, 1H), 3.77-3.80 (m, 1H), 3.98-4.06 (m, 2H), 4.25 (s, 1 H), 4.38 (s, 1H),
4.92 (brs, 1H), 6.13 (s, 1H), 6.69 (br s, 1H), 6.82 (s, 1H), 7.03-7.07 (m, 1H), 7.14-7.24 (m, 3H),
7.28-7.32 (m, 2H), 7.48-7.56 (m, 6H), 7.79-7.83 (m, 1H); *C NMR (DMSO-ds, 100 MHz) &: 36.5,
37.1,63.3, 63.7, 70.0, 70.9, 74.7, 76.4, 82.4, 86.1, 121.5, 122.9, 123.8, 125.0, 126.6, 127.5, 129.1,
129.4, 136.3, 137.9, 138.1, 150.5, 158.0, 168.7, 174.9; HRMS (ESI-TOF) m/z: Calcd. for

CaoH2sNsNaOs [M+Na]*: 550.2061; Found: 550.2059.

10. Table S1: optimization of reaction conditions for synthesis of compound 6a®

©f> M metal (1.0 mol%), L (x mol%) z @

sovent, rt. 12 h

Entry Metal Ligand Ligand/metal Sovent Yield® (%) Ee®
1 Ni(OTH), Lla 1.0 DCM 88 77(+)
2 Ni(OT#), Lla 2.0 DCM 87 91(+)
3 Ni(OTf), Lla 3.0 DCM 90 93(+)
4 Ni(OTH), Lla 2.2 DCM 92 94(+)
5 Co(OTf), Lla 2.2 DCM 91 88(+)
6 Zn(OTH), Lla 2.2 DCM 90 92(+)
7 Yb(OTH), Lla 2.2 DCM 88 37()
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8 Ho(OT), Lla 2.2 DCM 89 43(-)

9 Th(OTf), Lla 2.2 DCM 90 37(-)
10 Ni(OTH), L1b 2.2 DCM 87 80(+)
1 Ni(OTf), Lic 2.2 DCM 85 61(+)
12 Ni(OTf), Lid 2.2 DCM 65 17(-)
13 Ni(OTf), Lle 2.2 DCM 85 72(-)
14 Ni(OTf), L1f 2.2 DCM 87 84(-)
15 Ni(OTH), Llg 2.2 DCM 88 71(-)
16 Ni(OTH), L1lh 2.2 DCM 83 30(-)
17 Ni(OTf), L1i 2.2 DCM 88 71(-)
18 Ni(OTf), Lla 2.2 CHCl4 91 92(+)
19 Ni(OTf), Lla 2.2 DCE 91 91(+)
20 Ni(OTH), Lla 2.2 THF 84 92(+)
21 Ni(OTH), Lla 2.2 CH4CN 88 92(+)
22 Ni(OTH), Lla 2.2 CH;OH <10% -
23 Ni(OTH), Lla 2.2 AcOEt <10% -
24¢ Ni(OTf), Lla 2.2 DCM 81 90(+)
25¢ Ni(OTH), Lla 2.2 DCM 85 89(+)

& Reaction conditions: metal (1.0 mol %), ligand (x mol %), 4a (0.30 mmol), and 5a (0.20 mmol) in 3.0 mL of
CH.Cl, at 25 <C.

b |solated yield after flash chromatography.

¢ Determined by HPLC analysis.

4 Run at-5 <.

¢ Ni(OTf), (0.5 mol %), L1a (1.1 mol %).

11. Catalytic asymmetric synthesis of compounds 6

DCM, rt. 12h R

\
o Ni(OTH), (1.0 mol%), o (j\/
Rﬂm . Ar/\[l%o L1a (2.2 mol%) " E . 0
_ - .
N
N
: 5 R
4

Iz

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (1.0 mol %),
L1a (2.2 mol %) in 3.0 mL of CH,Cl, was added 4 (0.30 mmol), and 5 (0.20 mmol). The reaction
mixture was stirred at room temperature for 12 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.

12. Characterization data of compounds 6

oo
o
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6a: Light yellow solid, m.p. 193.2-195.4 °C; yield 89%, 94% ee, [o]p*° = -18.7 (C 1.2, CHCly);
The ee was determined by HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 19.86 min; Tminor = 10.81 min); 'H NMR (DMSO-dg,
400 MHz) &: 3.54-3.67 (m, 2H), 4.51 (s, 2H), 5.58 (s, 1H), 6.86-6.90 (m, 1H), 6.96 (s, 1H),
7.02-7.06 (m, 1H), 7.11-7.35 (m, 12H), 9.52 (br s, 1H), 10.92 (br s, 1H); *C NMR (DMSO-d,
100 MHz) ¢: 39.0, 45.9, 48.1, 112.0, 115.6, 118.9, 119.1, 121.6, 123.4, 123.8, 126.8, 126.9, 127.7,
128.5, 128.8, 129.1, 136.9, 138.2, 142.5, 142.8, 167.3; HRMS (ESI-TOF) m/z: Calcd. for

CasH2NoNaO, [M+Na]": 417.1573; Found: 417.1568.

o N
— O/CH3
HO B
N\
N
H

6b: Light yellow solid, m.p. 221.1-222.5 °C; yield 85%, 91% ee, [o]p*° = -4.1 (c 0.41, CHCly);
The ee was determined by HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 17.46 min; Trminor = 9.40 min); 'H NMR (DMSO-ds,
400 MHz) §: 2.24 (s, 3H), 3.52-3.66 (m, 2H), 4.51 (s, 2H), 5.54 (d, J = 2.8 Hz, 1H), 6.85-6.89 (m,
1H), 6.94 (s, 1H), 7.02 (d, J = 7.6 Hz, 1H), 7.07 (d, J = 8.0 Hz, 2H), 7.11-7.15 (m, 4H), 7.22-7.35
(m, 5H), 9.49 (br s, 1H), 10.91 (br s, 1H); *C NMR (DMSO-ds, 100 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, 128.8, 129.1,

129.4, 135.7, 137.0, 138.2, 139.8, 142.4, 167.4; HRMS (ESI-TOF) m/z: Calcd. for C»;H2,N,NaO,

B
o N
.
HO
A\
N
H

6¢: Light yellow solid, m.p. 167.4-168.8 °C; yield 90%, 91% ee; The ee was determined by

[M+Na]": 431.1730; Found: 431.1733.

HPLC analysis using a Chiralpak IA column (60/40 hexane/i-PrOH; flow rate: 1.0 mL/min; A =
254 nm; Tyajor = 17.51 min; Tpiner = 9.30 min); 'H NMR (CDCl3, 400 MHz) ¢: 3.45-3.55 (m, 2H),
4.40-4.51 (m, 2H), 5.50 (s, 1H), 6.87 (d, J = 1.6 Hz, 1H), 6.82-6.92 (m, 3H), 7.03-7.24 (m, 11H),
8.14 (br s, 1H); *C NMR (CDCls, 100 MHz) §: 38.7, 46.8, 48.7, 111.3, 115.3 (d, Jcr = 21.2 H2),

116.2, 119.5 (d, Jcr = 23.1 Hz), 122.3, 123.0, 126.5, 127.7, 128.8, 129.7 (d, Jcr = 8.1 Hz), 136.6

S11



(d, Jer = 9.0 Hz), 141.8, 161.6 (d, Jer = 242.3 Hz), 167.8; HRMS (ESI-TOF) m/z: Calcd. for

CasH21FN,NaO, [M+Na]": 435.1479; Found: 435.1479.

o
ha

6d: Light yellow solid, m.p. 115.4-115.9 °C; yield 90%, 94% ee; The ee was determined by
HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH; flow rate: 1.0 mL/min; A =
254 nm; Tmajor = 9.09 min; Tinor = 15.45 min); 'H NMR (DMSO-dg, 400 MHz) ¢: 3.58-3.69 (m,
2H), 4.47-4.57 (m, 2H), 5.59 (s, 1H), 6.88-6.92 (m, 1H), 7.01-7.05 (m, 4H), 7.10-7.14 (m, 3H),
7.17 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 7.2 Hz, 1H), 7.28-7.36 (m, 4H), 9.58 (br s, 1H), 10.98 (br s,
1H); *C NMR (DMSO-ds, 100 MHz) &: 38.8, 46.0, 48.2, 112.1, 113.6 (d, Jce = 21.0 Hz), 114.9,
115.1 (d, Jcr = 22.2 Hz), 119.0 (d, Jcr = 8.1 Hz), 121.7, 122.6, 124.0, 124.6, 126.7, 127.7, 129.1,
130.6 (d, Jcr = 7.2 Hz), 136.9, 138.1, 142.8, 145.8 (d, Jcr = 7.2 Hz), 162.8 (d, Jcr = 241.2 Hz),

167.3; HRMS (ESI-TOF) m/z: Calcd. for C,sH»FN,NaO, [M+Na]": 435.1479; Found: 435.1484.

Y

6e: Light yellow solid, m.p. 240.2-241.3 °C; yield 91%, 93% ee, [a]p>’= -60.7 (¢ 1.2, CHCIy);
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; Tmajor = 17.35 min; Tminer = 9.40 min); 'H NMR (DMSO-ds,
400 MHz) 6: 3.55-3.67 (m, 2H), 4.46-4.57 (m, 2H), 5.57 (s, 1H), 6.87-6.91 (m, 1H), 6.99 (s, 1H),
7.03-7.07 (m, 1H), 7.12-7.16 (m, 2H), 7.23-7.36 (m, 9H), 9.56 (br s, 1H), 10.96 (br s, 1H); *C
NMR (DMSO-dg, 100 MHz) ¢: 38.5, 46.0, 48.2, 112.1, 115.1, 119.0, 121.7, 122.7, 124.0, 126.7,
127.7, 128.7, 129.1, 130.3, 131.3, 137.0, 138.1, 141.9, 142.7, 167.3; HRMS (ESI-TOF) m/z:

Calcd. for C»H,;CIN,NaO, [M+Na]": 451.1184; Found: 451.1185.

o
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6f: Light yellow solid, m.p. 238.2-239.9 °C; yield 90%, 97% ee; The ee was determined by
HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH; flow rate: 1.0 mL/min; A =
254 nM; Tyyajor = 8.57 Min; Tyyingr = 6.43 min); *H NMR (DMSO-ds, 400 MHz) ¢: 3.43-3.47 (m, 1H),
3.68-3.73 (m, 1H), 4.48-4.58 (m, 2H), 5.88 (d, J = 8.8 Hz, 1H), 6.87-6.96 (m, 2H), 7.04-7.25 (m,
8H), 7.29-7.32 (m, 2H), 7.35-7.39 (m, 1H), 7.43-7.46 (m, 1H), 9.53-9.56 (m, 1H), 10.98 (br s, 1H);
B3C NMR (DMSO-dg, 100 MHz) 6: 36.3, 46.0, 48.6, 112.1, 114.6, 118.8, 119.1, 121.3, 121.7,
124.2, 126.7, 127.5, 127.7, 128.6, 129.1, 129.8, 130.3, 133.3, 137.0, 138.1, 140.1, 143.2, 167.4;

HRMS (ESI-TOF) m/z: Calcd. for C6H2.CIN,NaO, [M+Na]": 451.1184; Found: 451.1185.

o N
— O/Er
HO
N
N
H

6g: Light yellow solid, m.p. 222.1-223.4 °C; yield 91%, 91% ee, [a]p*° = -39.1 (¢ 0.9, CHCly);
The ee was determined by HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH;
flow rate: 1.0 mL/min; L = 254 nm; Tmajor = 16.95 min; Trinor = 9.67 min); 'H NMR (DMSO-ds,
400 MHz) 6: 3.55-3.66 (m, 2H), 4.46-4.56 (m, 2H), 5.54 (s, 1H), 6.87-6.91 (m, 1H), 6.98 (d, J =
2.4 Hz, 1H), 7.02-7.06 (m, 1H), 7.12-7.16 (m, 3H), 7.19-7.25 (m, 3H), 7.28-7.30 (m, 2H),
7.32-7.35 (m, 1H), 7.38 (d, J = 4.4 Hz, 1H), 7.45 (d, J = 12.0 Hz, 1H), 9.56 (br s, 1H), 10.96 (br s,
1H); BC NMR (DMSO-dg, 100 MHz) o: 38.5, 46.0, 48.2, 112.1, 115.0, 119.0, 119.1, 120.0, 121.7,
122.7, 124.0, 126.7, 127.7, 128.4, 129.1, 129.2, 130.7, 131.6, 136.9, 138.1, 142.3, 142.7, 167.3;

HRMS (ESI-TOF) m/z: Calcd. for CsH2,BrN,NaO, [M+Na]*: 495.0679; Found: 495.0682.

o N
HO ”\Q
A Br
N
H

6h: Light yellow solid, m.p. 113.6-114.8 °C; yield 90%, 94% 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; Tpajor = 17.37 min; Tyinor = 9.13 min); 'H NMR (DMSO-dg, 400 MHz) ¢: 3.57-3.68 (m,
2H), 4.48-4.56 (m, 2H), 5.57 (s, 1H), 6.88-6.92 (m, 1H), 7.01 (s, 1H), 7.04-7.07 (m, 1H),
7.12-7.41 (m, 11H), 9.58 (br s, 1H), 10.98 (br s, 1H); *C NMR (DMSO-ds, 100 MHz) §: 38.7,
45.9, 48.2, 112.1, 114.8, 118.9, 119.1, 121.7, 122.1, 122.5, 124.1, 126.7, 127.6, 127.7, 129.1,
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129.7, 131.0, 131.1, 136.9, 138.1, 142.9, 145.7, 167.2; HRMS (ESI-TOF) m/z: Calcd. for

CasH21BrN,NaO, [M+Na]": 495.0679; Found: 495.0678.

o N
A g
Ho )
N
N

6i: Light yellow solid, m.p. 110.2-115.1 °C; yield 92%, 98% ee, [a]p™° = -12.0 (c 0.4, CHCIy);
The ee was determined by HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tpajor = 16.96 min; Tminor = 9.85 min); 'H NMR (CDCls, 400
MHz) &: 3.49-3.59 (m, 2H), 4.43-4.53 (m, 2H), 5.58 (s, 1H), 6.77 (d, J = 1.6 Hz, 1H), 6.91-6.95
(m, 1H), 7.05-7.08 (m, 2H), 7.10 (d, J = 7.6 Hz, 2H), 7.17-7.20 (m, 4H), 7.27 (d, J = 8.0 Hz, 1H),
7.32(d, J = 8.8 Hz, 2H), 8.02 (d, J = 8.4 Hz, 2H), 8.17 (br s, 1H); *C NMR (CDCl3, 100 MHz) 6:
38.3,45.8,47.7,110.5, 113.8, 118.1, 118.9, 121.5, 122.2, 122.7, 125.2, 126.7, 126.8, 127.8, 128.1,

135.3, 135.6, 1415, 1457, 148.1, 166.6; HRMS (ESI-TOF) m/z: Calcd. forCyH21NsNaO,

N

6j: Light yellow solid, m.p. 92.3-94.1 °C; yield 90%, 96% ee, [a]o2°= -6.0 (¢ 1.1, CHCI5); The

[M+Na]": 462.1424; Found: 462.1424.

ee was determined by HPLC analysis using a Chiralpak 1A column (60/40 hexane/i-PrOH; flow
rate: 1.0 mL/min; A = 254 nm; Tyajor = 18.49 min; Tyiner = 12.59 min); 'H NMR (DMSO-dg, 400
MHz) §: 0.74-0.78 (m, 3H), 1.40-1.46 (m, 2H), 3.22-3.25 (m, 2H), 3.60-3.74 (m, 2H), 5.58 (s, 1H),
6.87-6.91 (m, 1H), 7.03-7.07 (m, 2H), 7.17-7.23 (m, 2H), 7.28-7.30 (m, 4H), 7.36 (d, J = 8.0 Hz,
1H), 9.37 (br s, 1H), 10.95 (br s, 1H); *C NMR (DMSO-ds, 100 MHz) J: 11.6, 21.6, 39.0, 43.9,
48.3, 112.0, 115.7, 118.9, 119.1, 121.6, 122.7, 123.9, 126.7, 126.9, 128.5, 128.8, 137.0, 142.6,
143.0, 167.1; HRMS (ESI-TOF) m/z: Calcd. for CyH,NoNaO, [M+Na]+: 369.1573; Found:

369.1570.



6k: Light yellow solid, m.p. 133.1-134.4 °C; yield 91%, 95% ee; The ee was determined by
HPLC analysis using a Chiralpak ID column (80/20 hexane/i-PrOH; flow rate: 1.0 mL/min; A =
254 nMm; Tpgjor = 17.23 min; Tpingr = 20.69 min); "H NMR (CDCls, 400 MHz) 4: 2.25 (s, 3H), 3.39
(d, J = 10.4 Hz, 1H), 3.65 (d, J = 10.4 Hz, 1H), 4.32-4.36 (m, 1H), 4.52 (d, J = 15.2 Hz, 1H), 5.63
(s, 1H), 6.76-6.83 (m, 2H), 6.97-7.01 (m, 1H), 7.04 (d, J = 8.0 Hz, 2H), 7.18-7.23 (m, 7H),
7.41-7.43 (m, 2H), 8.08-8.14 (m, 1H); *C NMR (CDCls, 100 MHz) &: 11.0, 36.8, 45.8, 47.6,
108.8, 109.0, 109.7, 117.8, 118.5, 120.2, 126.7, 126.8, 127.8, 131.1, 135.4, 141.6, 145.6, 166.7;

HRMS (ESI-TOF) m/z: Calcd. for CsH23N3NaO, [M+Na]": 456.1682; Found: 456.1678.

o N
G
HO

CHs

Iz

6l: Light yellow solid, m.p. 136.7-137.4 °C; yield 90%, 99% ee; 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; Tpajor = 23.06 min; Tyinor = 28.40 min); 'H NMR (DMSO-dg, 400 MHZz) 4: 2.29 (s, 3H),
3.44 (d, J = 16.4 Hz, 1H), 3.74 (d, J = 16.4 Hz, 1H), 4.45 (d, J = 15.2 Hz, 1H), 4.56 (d, J = 15.2
Hz, 1H), 5.70 (s, 1H), 6.76-6.80 (m, 1H), 6.90-6.97 (m, 2H), 7.13 (d, J = 7.2 Hz, 2H), 7.22-7.31
(m, 4H), 7.42 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.8 Hz, 2H), 9.59 (br s, 1H), 11.00 (br s, 1H); **C
NMR (DMSO-dg, 100 MHz) ¢: 16.8, 42.9, 50.7, 53.2, 114.4, 116.0, 123.3, 123.8, 125.4, 126.1,
128.5, 132.1, 132.4, 132.5, 133.8, 134.3, 138.5, 140.5, 142.9, 148.0, 151.1, 155.3, 171.9; HRMS

(ESI-TOF) m/z: Calcd. for C,7H»3N30,4 [M+Na]*: 453.1689; Found: 453.1694.

o
20

N—cH,
N
it

6m: Light yellow solid, m.p. 144.1-145.0 °C; yield 88%, 90% ee; 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; Tyajor = 16.31 min; Tpminer = 13.83 min); 'H NMR (CDCl3, 400 MHz) 4: 2.21 (s, 3H), 3.39
(d, J =18.4 Hz, 1H), 3.70 (d, J = 18.4 Hz, 1H), 4.31 (d, J = 15.2 Hz, 1H), 4.54 (d, J = 15.2 Hz,
1H), 5.63 (s, 1H), 6.78-6.85 (m, 4H), 6.89 (d, J = 7.6 Hz, 1H), 6.94-6.98 (m, 1H), 7.03-7.05 (m,
2H), 7.08-7.10 (m, 1H), 7.14-7.20 (m, 5H), 8.03 (br s, 1H); *C NMR (CDCls, 100 MHz) &: 10.4,
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35.6, 45.0, 46.9, 108.8, 108.9, 111.5 (d, Jer = 21.2 Hz), 113.3 (d, Jcr = 22.2 Hz), 117.4, 117.7,
119.3,121.3,121.9, 125.6, 125.9, 127.1, 127.9 (d, Jor = 8.1 Hz), 131.3, 133.7, 134.9, 140.5, 141.9
(d, Jor = 7.3 Hz), 161.8 (d, Jor = 243.4 Hz), 166.1; HRMS (ESI-TOF) m/z: Calcd. for

C,7H23FN,NaO, [M+Na]": 449.1636; Found: 449.1633.

oo
" = M@,ew

CHs

Iz

6n: Light yellow solid, m.p. 136.9-137.4 °C; yield 91%, 92% ee; 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; Trajor = 11.58 min; Tyinor = 13.85 min); 'H NMR (CDCl3, 400 MHz) o: 2.19 (s, 3H), 3.36
(d, J =18.4 Hz, 1H), 3.65 (d, J = 18.4 Hz, 1H), 4.25 (d, J = 15.6 Hz, 1H), 4.52 (d, J = 15.6 Hz,
1H), 5.59 (s, 1H), 6.76-6.82 (m, 2H), 6.92-6.96 (m, 1H), 7.01 (d, J = 8.0 Hz, 4H), 7.07 (d, J = 8.4
Hz, 2H), 7.13-7.16 (m, 5H), 8.07 (br s, 1H); *C NMR (CDCls, 100 MHz) &: 9.9, 34.8, 44.6, 46.5,
108.4, 117.0, 117.2, 118.9, 121.2, 125.1, 125.5, 125.6, 126.2, 126.6, 127.2, 129.9, 130.9, 133.2,
134.4, 137.2, 140.1, 165.7; HRMS (ESI-TOF) m/z: Calcd. for Cy;H3CIN;NaO, [M+Na]':

465.1340; Found: 465.1343.

60: Light yellow solid, m.p. 127.8-127.9 °C; yield 90%, 92% ee; The ee was determined by
HPLC analysis using a Chiralpak IC column (80/20 hexane/i-PrOH; flow rate: 1.0 mL/min; A =
254 nm; Tgjor = 23.90 min; Tyinor = 10.55 min); "H NMR (CDCls, 400 MHz) 6: 2.09 (s, 3H), 3.49
(s, 2H), 4.36 (d, J = 15.2 Hz, 1H), 4.51 (d, J = 15.2 Hz, 1H), 5.59 (s, 1H), 6.81-6.85 (m, 1H),
6.94-6.97 (m, 1H), 6.99-7.04 (m, 4H), 7.09-7.17 (m, 7H), 7.22-7.24 (m, 1H), 8.06 (br s, 1H); **C
NMR (CDClI3, 100 MHz) 6: 12.1, 37.2, 46.6, 49.8, 109.6, 110.6, 118.5, 119.6, 121.0, 121.4, 126.7,
127.6, 128.0, 128.8, 129.6, 129.9, 132.7, 134.1, 135.2, 136.7, 139.0, 141.9, 167.9; HRMS

(ESI-TOF) m/z: Calcd. for C,;H,3CIN;NaO, [M+Na]": 465.1340; Found: 465.1345.
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6p: Light yellow solid, m.p. 137.4-138.6 °C; yield 91%, 94% ee; 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; Tygjor = 20.29 Min; Tyinor = 25.61 min); *H NMR (CDCls, 400 MHz) §: 2.21 (s, 3H), 3.36
(d, J = 15.2 Hz, 1H), 3.65 (d, J = 15.2 Hz, 1H), 4.28 (d, J = 15.2 Hz, 1H), 4.53 (d, J = 15.2 Hz,
1H), 5.57 (s, 1H), 6.77-6.83 (m, 2H), 6.95-6.98 (m, 3H), 7.02-7.04 (m, 2H), 7.14-7.18 (m, 5H),
7.23 (d, J = 8.4 Hz, 2H), 8.02 (br s, 1H); *C NMR (CDCls, 100 MHz) &: 12.1, 37.1, 46.8, 48.6,
110.6, 119.2, 119.4, 120.2, 121.1, 123.2, 127.3, 127.7, 128.6, 128.8, 129.8, 131.3, 133.1, 135.4,
136.6, 139.9, 142.3, 167.9; HRMS (ESI-TOF) m/z: Calcd. for CyHp3BrN,NaO, [M+Na]":

509.0835; Found: 509.0831.

@
o

CHs,

Iz

6q: Light yellow solid, m.p. 154.1-155.2 °C; yield 91%, 96% ee; 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; Tpgjor = 11.03 min; Tpinr = 12.46 min); "H NMR (CDCls, 400 MHz) §: 2.23 (s, 3H), 3.39
(d, J =18.4 Hz, 1H), 3.68 (d, J = 18.4 Hz, 1H), 4.34 (d, J = 15.2 Hz, 1H), 4.54 (d, J = 15.2 Hz,
1H), 5.56 (s, 1H), 6.82-6.85 (m, 2H), 6.92-6.95 (m, 1H), 6.96-7.00 (m, 1H), 7.03-7.05 (m, 2H),
7.15-7.20 (m, 7H), 7.99 (br s, 1H); *C NMR (CDCls, 100 MHz) §: 12.1, 36.9, 46.8, 48.6, 110.1,
110.6, 119.0, 119.6, 121.2, 127.1, 127.6, 127.7, 128.8, 129.9, 130.2, 130.3, 132.4, 133.1, 135.4,
136.5, 141.3, 142.4, 167.7; HRMS (ESI-TOF) m/z: Calcd. for Cy;HClN,NaO, [M+Na]':

499.0951; Found: 499.0950.

OCH;
N—cH,

6r: Light yellow solid, m.p. 128.1-128.7 °C; yield 89%, 90% ee; The ee was determined by

HPLC analysis using a Chiralpak ID column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; A =
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254 nm; Trajor = 38.07 min; Trinor = 47.28 mMin); 'H NMR (CDCl3, 400 MHz) 6: 2.18 (s, 3H), 3.40
(d, J=18.4 Hz, 1H), 3.56 (s, 3H), 3.71 (d, J = 18.4 Hz, 1H), 4.27 (d, J = 15.2 Hz, 1H), 4.54 (d, J
= 15.2 Hz, 1H), 5.62 (s, 1H), 6.62-6.65 (m, 1H), 6.67-6.71 (m, 2H), 6.76-6.80 (m, 1H), 6.89 (d, J
= 8.0 Hz, 1H), 6.92-6.96 (m, 1H), 7.02-7.04 (m, 3H), 7.12-7.18 (m, 5H), 8.04 (br s, 1H); *C NMR
(CDCls, 100 MHz) ¢: 12.1, 37.6, 46.7, 48.8, 55.1, 110.5, 110.9, 111.6, 114.0, 119.3, 120.6, 120.9,
123.8, 127.6, 127.7, 128.8, 129.3, 133.0, 135.4, 136.8, 142.0, 1425, 159.7, 167.9; HRMS

(ESI-TOF) m/z: Calcd. for C,gH26N,NaO; [M+Na]*: 461.1836; Found: 461.1839.

oM
HO \Q
AN Br

6s: Light yellow solid, m.p. 134.5-134.9 °C; yield 91%, 95% 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 M; Tyajor = 13.74 min; Tyinor = 7.51 min); *H NMR (CDCls, 400 MHz) d: 3.51 (s, 2H), 4.50 (s,
2H), 5.45 (s, 1H), 6.69-6.72 (m, 2H), 6.92-6.95 (m, 1H), 7.03-7.08 (m, 5H), 7.18-7.24 (m, 4H),
7.27-7.32 (m, 2H), 8.11 (br s, 1H); **C NMR (CDCls, 100 MHz) §: 38.0, 45.7, 47.5, 96.5 (d, Jcr =
26.2 Hz), 107.5 (d, Jor = 25.3 Hz), 114.8, 119.0 (d, Jor = 9.5 Hz), 120.9, 121.7, 125.9, 126.6,
126.7, 127.8, 129.0, 129.1, 130.2, 135.4, 141.1, 142.6, 158.9 (d, Jcr = 247.0 Hz), 166.6; HRMS

(ESI-TOF) m/z: Calcd. for CogH2oBrFN,NaO, [M+Na]*: 513.0584; Found: 513.0582.

o
O
e
A
HsC ”

6t: Light yellow solid, m.p. 112.1-112.7 °C; yield 92%, 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; Tpajor = 6.44 Min; Tyingr = 7.41 min); "H NMR (DMSO-ds, 400 MHz) 4: 2.26 (s, 3H), 2.36
(s, 3H), 3.53-3.66 (m, 2H), 4.52 (s, 2H), 5.53 (s, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.86 (s, 1H), 7.02
(d, J = 8.0 Hz, 1H), 7.07-7.14 (m, 7H), 7.25 (d, J = 7.2 Hz, 1H), 7.29-7.33 (m, 2H), 9.50 (br s, 1H),
10.75 (br s, 1H); BC NMR (DMSO-ds, 100 MHz) ¢: 21.0, 21.8, 38.6, 45.9, 48.1, 111.8, 115.5,
118.9, 120.7, 123.1, 123.8, 124.8, 127.6, 127.7, 128.3, 129.1, 129.3, 130.6, 135.7, 137.4, 138.2,

139.8, 142.3, 167.4; HRMS (ESI-TOF) m/z: Calcd. for C,gHN,NaO, [M+Na]": 445.1886; Found:
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445.1887.

13. The gram scale synthesis of the ligand L1a

HO, Ph P
/ (0] o N W P N/
o | | o 3TN =0
N =
Q\( . _ ‘ EtOH N s
H HN-pp N
1a reflux, 12 h 7
2a OH 5, HO
1.48 g, 7.2 mmol 0.41 g, 3.0 mmol
1189, 77%

Ph ‘ A Ph
3 N — N
o .7 N Y, =0 22eqmcPBA
5/ NG orNS

~N
SJ DCM, 0 °C, 30 min

0.99 g, 79%, >20:1 dr

In a sealed tube equipped with a magnetic stirring bar, pyridine-2,6-dicarbaldehyde 2a (0.41 g,
3.0 mmol) and optically pure 4-hydroxyprolinamide 1 (1.48 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 Py-2NO ligand L1a (0.99 g, 79%, >20:1 dr).

14. The preparative gram scale asymmetric synthesis of the product 6a

DCM, 1t, 12 h

B
o N
? =)
©j\> ©A\6$<0 Ni(OTf); (1.0 mol%), L1a (2.2 mol%) HO
¥

N N b

H Bn N
4a 5a 6a

0.35 g, 3.0 mmol 0.55 g, 2.0 mmol 0.70 g, 94% ee, 89% yield

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (1.0 mol %),
Lla (2.2 mol %) in 30 mL of CH,CI, was added 4a (3.0 mmol), and 5a (2.0 mmol). The reaction
mixture was stirred at room temperature for 12 h and was directly loaded onto a silica gel and

purified by flash chromatography to give the desired product 6a (0.70 g, 94% ee, 89% yield),
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using hexane/EtOAc (10/1, v/v) as the eluent.
15. Control experiments and HPLC spectra for compound 6a

Ni(OTf), (1.0 mol%)

o _
Ph
©j\> . Ph/\[KFO L (2.2 mol%) HO
N N _————— A\
H Bn
4a 5a

DCM, rt. 12 h N

eIV U I
Nl 2 Nl AN N
o=, N o 1" N =0 o=<(.]
Noo N SNJ Nog
oH OH HO oH
L3a L4a

85% yield, +27% ee 75% yield, +5% ee

Q.

80% vyield, +22% ee

" Ph ‘ N Ph
H
N AN
N N N
o=<.,1 T Y. =0 o 7\1 ! =0
N+o O\aj\ o SJ
HO

P

OH
L5a L6a

74% yield, -3% ee 84% yield, -34% ee

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (1.0 mol %),
L (2.2 mol %) in 30 mL of CH,Cl, was added 4a (0.3 mmol), and 5a (0.2 mmol). The reaction
mixture was stirred at room temperature for 12 h and was directly loaded onto a silica gel and
purified by flash chromatography to give the desired product 6a, using hexane/EtOAc (10/1, v/v)

as the eluent.

WD A, Wavelength=264 nm (LRM-DD347 .00
mdll—
3 Ph S
400 — N .\\‘ pZ
E o=, "N
300 :&'}’O
200 _: :OH -
| [}
3 L2a ¥ o
100 E 80% yield, +22% ee 2 =
a- A_ . ' _,/-\-‘\\""-\_._\_
- T T T T T
5 10 15 20 25 min
Kl [+]
# Time Area Height Width Area% Symmetry
1 10,471 36058 62,3 0.8158 38,821 0.633
2 19.022 56824 S 1.4553 61.179 0,558
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WD A, Wavelength=254 nm (LRM-D314.0)

il -
"5'3—; Ph ‘ A Ph o
: o%\\ N Mo
N SNJ
3 6H HO
50_; L3a
25_; 5% yield, +27% ee
= _'_'_/_\—__
T T T T T
S 10 15 20 25 min
[ [+]
L Time Area Height Width Area%e Symmekry
[1 | 1ios4a | se0z4 | 167.3 [ o7i1s [ 36671 | 0525 |
[2 | 19077 | 148559 | 163.4 | 12979 [ e3ses | o407 |
VNG A, Wiavelength=264 nm (LRM-DD331.07
LT
50 =
70
20—2
10—2
o-
T T T T
10 20 30 40 min
[T [+]
& Time Area Height wWidth Area% Symmetry
1 10.755 3650.7 59.9 0.8586 47,494 0.56
2 20.018 4035.9 40.7 1.3777 52,506 0.476
WD A, Wiavelength=254 nm (LRM-D385.0
mad) - o
B0 - " " &
- o NJ"i@ﬁN}:o o~ é,}.
| o
40 3 L5a
| 85% yield, -3% ee
20—
0-
: T T T T T T Ly
5 10 15 20 25 30 min
[« [+]
# Time Area Height Width Area% Symmetry
1 10,472 4805.4 84.9 0.8012 51,343 0.501
2 18,772 4554 42,9 1,7703 48,657 0.435
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WD A, Wavelength=254 nm (LR M-DEE0.00

midl - )
0= ) on
50 = o=\ "o
50 = QS;N) N~
40 = @ !
H ol OH HO
20 = =]
20—5 Léa
10 _; 84% yield, -34% ee
0-
- T T T T T T
10 15 z0 25 a0 min
[T [+]
Time Area Height Width Area% Symmelry
10,755 43931 75.3 0.5255 66,9351 0.511
19,552 2170.5 Z2.2 1,3657 33,069 0.454
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16. X-ray crystal data for compounds L2b, L2c and 3d

HsC

CCDC 2206523

Table S2 Crystal data and structure refinement for L2b

Identification code L2b

Empirical formula C18H23N30s

Formula weight 361.39

Temperature/K 169.99(10)

Crystal system monoclinic

Space group P2;

alA, bIA, clA 7.9392(2), 6.15070(10), 17.6593(3)
a/°, B/°, v/°, 90, 93.002(2), 90

Volume/A3 861.15(3)

z 2

Peaicg/cm® 1.323

(w/mm™ 0.853

F(000) 384.0

Radiation CuKa (A=1.54184)

Crystal size/mm?® 0.15 x<0.13 %0.1

20 range for data collection/° 5.01 to 133.19

Index ranges -9<h<9,-7<k<7,-20<1<20
Reflections collected 6299

Independent reflections 2954 [Rin; = 0.0339, Rsigma = 0.0366]
Data/restraints/parameters 2954/1/244

Goodness-of-fit on F? 1.127

Final R indexes [I>=26 (I)] Ry = 0.0462, wR, = 0.1377

Final R indexes [all data] R; =0.0467, wR, = 0.1387

Largest diff. peak/hole / e A®  0.34/-0.32

Crystal Data for CigH»3N30s (M =361.39 g/mol): monoclinic, space group P2; (no. 4),a=
7.9392(2) A, b= 6.15070(10) A, ¢ = 17.6593(3) A, f= 93.002(2)<V = 861.15(3) A%, 2= 2, T =
169.99(10) K, u(Cu Ka) = 0.853 mm™, Dcalc = 1.394 g/cm®, 6299 reflections measured (5.01° <
20 < 133.19°), 2954 unique (Rin = 0.0339, Rsigma = 0.0366) which were used in all calculations.

The final Ry was 0.0462 (I > 2¢(I)) and WR, was 0.1387 (all data).
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L2c

CCDC 2206524

Table S3 Crystal data and structure refinement for L2c

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

alA, bIA, clA

a/°, B/°, v/°,
Volume/A?

Z

Peaicd/ 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 F?

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

L2c
C21H20BrN3O3
442.31
220.00(12)
monoclinic
P2,

10.83288(12), 7.10591(8), 12.90956(17)

90, 107.1505(13), 90

949.56(2)

2

1.547

3.187

452.0

CuKo (A=1.54184)

0.14 x0.12 x0.11

7.166 to 142.432
-13<h<11,-7<k<8§,-11<1<15
7086

3209 [Rint = 0.0173, Rsigma = 0.0166]
3209/1/257

1.038

R; = 0.0353, wR, = 0.0936

R; =0.0354, wR;, = 0.0937
0.46/-0.56

-0.02(2)/-0.01(3)

Crystal Data for Cy;H»BrNsO3 (M =442.31 g/mol): monoclinic, space group P2; (no. 4),a=
10.83288(12) A, b = 7.10591(8) A, ¢ = 12.90956(17) A, A = 107.1505(13)< V = 949.56(2) A%, Z =
2, T = 220.00(12) K, p(Cu Ka) = 3.187 mm™, Dcalc = 1.547 g/cm®, 7086 reflections measured
(7.166° < 20 < 142.432°), 3209 unique (Rin; = 0.0173, Rgigma = 0.0166) which were used in all
calculations. The final Ry was 0.0353 (I > 20(I)) and WR;, was 0.0937 (all data).
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CCDC 2208260

Table S4 Crystal data and structure refinement for 3d

Identification code 3d

Empirical formula C17H16BrN3O

Formula weight 358.24

Temperature/K 150.00(10)

Crystal system orthorhombic

Space group P2,2:2,

alA, bIA, clA 7.79020(10), 9.7405(2), 19.9339(3)
a/°, B/°, v/°, 90, 90, 90

Volume/A3 1512.59(4)

z 4

Peaicg/cm® 1.573

(w/mm™ 3.745

F(000) 728.0

Radiation Cu Ka (A= 1.54184)

Crystal size/mm?® 0.14 x<0.12 %0.1

20 range for data collection/° 8.872to 147.76

Index ranges -9<h<9,-10<k<11,-24<1<24
Reflections collected 11359

Independent reflections 3026 [Rint = 0.0498, Rsigma = 0.0330]
Data/restraints/parameters 3026/0/199

Goodness-of-fit on F? 1.034

Final R indexes [[>=26 (I)] R, = 0.0356, WR, = 0.0899
Final R indexes [all data] R; =0.0366, wR, = 0.0911
Largest diff. peak/hole /e A®  0.53/-0.73

Flack parameter -0.032(12)/-0.021(10)

Crystal Data for C;;HsBrNsO (M =358.24 g/mol): orthorhombic, space group P2:2:2; (no.
19),a= 7.79020(10) A, b= 9.7405(2) A, c = 19.9339(3) A, V= 151259(4) A%, Z= 4,T=
150.00(10) K, p(Cu Ka) = 3.745 mm™, Dcalc = 1.573 g/em®, 11359 reflections measured (8.872°
<20 < 147.76°), 3026 unique (Rin; = 0.0498, Rsigma = 0.0330) which were used in all calculations.
The final Ry was 0.0356 (I > 26(I)) and WR, was 0.0911 (all data).
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17. The copies of *H NMR, **C NMR and HPLC spectra for compounds L and 6

'H and *C NMR of L1a
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'H and C NMR of L1b
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'H and C NMR of L1c
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'H and ®¥*C NMR of L1d
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'H and C NMR of L1e
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'H and *C NMR of L1f
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'H and *C NMR of L1g
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'H and C NMR of L1h
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'H and C NMR of L1i
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'H and C NMR of L2a
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'H and *C NMR of L2b
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'H and C NMR of L2¢
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'H and ®C NMR of L2d
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'H and *C NMR of 3d
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'H and C NMR of L4a
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'H and C NMR of L6a
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'H and *C NMR of 6a
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HPLC of 6a

WIVD A, Wavelength=254 nm (LR M-D41.0)
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—
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1.4009
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VD A, Wavelength=254 nm (LEM-DD3ZT7.0)
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'H and C NMR of 6b
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HPLC of 6b

WD A W avelength=254 nm (LRR-0195.00
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'H and *C NMR of 6¢
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HPLC of 6¢

VAT A, Wavelength=254 nm (LRM-DZ243.00

maLl -
400 -
300
200
100 -
0-
T T T T T
5 10 16 20 26 min
[4] [+]
- Time Area Height Width Area% Symmetry
1 12,518 272154 447 .6 1.0134 50,234 0.54
2 17.62 26962,1 2981 1.5077 49,766 0.521
WD A, Wiavelength=264 nm (LRM-D226 D)
md =]
120-
100 T
80—
BO-
40— -
q (]
E ]
20— [+
0 _:4,%“___“_1_&__,___;/ _
T T T T T
5 10 16 20 26 min
[4] [+]
# Time Area Height Width Area% Symmetbry
1 9,301 511.7 11.5 0.6153 4,747 0.64
2 17,909 10268.6 122.8 1.1716 05,253 0,563
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'H and *C NMR of 6d
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HPLC of 6d

VAN A, W avelength=254 nm (LRM-DZ21.00
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VD A Wavelength=254 nm (LRM-CL213.0)
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'H and *C NMR of 6e
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HPLC of 6e

WA A, W avelength=2549 nm (LR -0 148 00

mdll -
80—
B0 —
a0~
20—
0- —
: T T T T —r—
& 10 15 20 25min
[+ [+]
] Time Area Height Width Area% Symmetry
1 9,548 4574.5 100.6 0.7577 49,140 0,664
2 17,867 47346 51.6 1.5286 50,560 0,533
WVAE T A, W avelength=254 nm (LRM-D174.00
mal 2
150
125
100
75
:
252 o
o _E—F__F/\_____F__uj\u_ )
T T T T T i
5 10 146 20 25 min
[4] [r]
# Time Area Height Width Area% Symmetry
1 9.406 G642 16.5 0.5925 3.506 0.72
2 17,352 182784 15834 1.6614 96,494 0.647
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'H and C NMR of 6f
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HPLC of 6f

WD A, Wavelength=254 nm (LRM-0209.07)

mall =
70
B0
80
E
a0
20—
10
0-
: T T T T T T T T I
26 5 75 10 125 16 176 i
[ ]
# Time Area Height Width Area% Symmetry
1 6,493 24387 775 0.5247 50,954 0.651
z 8.7 2347 .4 59 0.663 49,046 0.583
WD A, Wawelength=254 nm (LRA-DZ00.0)
mal - ol
250 -
ZDD—E
150—5
100-
3 o
50— g
E o
0- I T
T f f T f T T T
5 10 15 20 25 iy
[+] [+]
] Time Area Height Width Area% Symmekry
1 6,426 173.7 6.9 0,3683 1,381 0.818
2 5.572 12401.4 278.1 0.6173 93,619 0,505
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'H and *C NMR of 6g
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HPLC of 6g

WD A, Wavelength=254 nm (LRM-D154.00

méll - @
E i
250 o <:"\}°r‘b
E o K
E| oo
200 g;?séb'
150—5
1I:II:I—§
50
E A
-
T T T T
a 10 16 20 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 9,615 14966.2 301.8 0.6955 49,701 0.575
z 16,868 15146.3 165.8 1.5223 50,299 0,645
WD &, Wavelength=254 nm (LRM-D1E1.00)
mall -
175
150
125=
100 =
= P,
75+ S
504 g &
E 0 o
25 s
] _54,_/\._____{15-'— 1
- T T T T T T
5 10 15 20 25 20 min
Kl [+]
# Time Area Height Width Area% Symmetry
1 0,665 910.7 19,6 0.7742 4,363 1.071
2 16,95 19961.4 188 1.7695 05,637 0.614
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'H and ¥C NMR of 6h
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HPLC of 6h

WD A, W avelength=254 nm (LRM-D196.00

mNJ_E
300 "
F o
250 = g W
2 oo
200 r_}s‘a@
150 =
100
50
0= '
T T T T T
5 10 15 20 iy
[« [+]
# Time Area Height Width Area% Symmekry
1 9,183 16210 355.1 0.7545 43,954 0,531
2 17.6 16239.7 169.1 1.6009 50,046 0.526
WAE A, W awelength=254 nm (LRM-C0190.00
maLl =
400 —
300 -
200 -
] w
100 - il
1 @
- LA .
T f T I I
5 10 15 20 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 9128 1385.4 a2 0.6056 2.820 0.482
2 17.371 47738.5 478.3 1.3574 97,180 0.437
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'H and *C NMR of 6i
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HPLC of 6i

WID A A, Wavelength=254 nm (LRM-D222 07

oo
e
7

&

-
h
o

i FTE SR ERTH RTUNI CRURN Swd i

Epcal |

&

# Time Area Height Width

Area% Symmetry

1 9,378 12528.2 291.9 0.7152

50.541 0.711

2 17,511 12260 143.7 14223

49,459 0.518

WD A, Wavelength=254 nm (LRM-CD214.00

250
200
150
100

a0

15

# Time Area Height Width

Area% Symmekry

—_

9.949 2754 6.3 0.7395

0.926 0.942

2 16,961 29799.3 320.3 1,2906

99.074 0.608
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'H and *C NMR of 6j
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HPLC of 6j

VDA A, Wavelength=2549 nm (LRK-D210.0)

maLl -
g W
100 = 0 <§?
3 [
4 ¥ 6}
e 2
50—
0=
20—
o _54)\-—_/\‘_._\_,_,— L - |
T T T T T
5 10 15 20 25 min
[+] []
& Time Area Height Width Area%s Symmetry
1 12,679 66394 119.5 0,9234 50,305 0,645
2 19,266 6558.8 £4.1 1.7053 49,605 0.434
WD &, Wavelength=264 nm (LR-D202.0)
médl -
400
300
200
q o
4 o
100- [
7 o
i} : L I
T T ’ f ’ T T T T
5 i 15 20 25 min
[ [+]
o Time Area Height Width Area% Symmetry
1 12,595 1132 259 0. 6406 2,207 0.71
Z 15.49 S0160.5 451.7 1.5507 Q7,793 0,363
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'H and C NMR of 6k
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HPLC of 6k

VD A Wavelength=254 nm (LEM-DD271.0)

T
30min

# Time Area Height Width Area% Symmetry
1 17.375 17863.5 438.6 0.6795 49,112 0,642
2z 19.075 18530.2 419.9 0.7356 50,838 0,605

WD A, Wavelength=254 nm (LRM-DD2Z2E7 .
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th =d
o Ch
o o
L

1250 <
1000

0.591
&

# Time Area Height Width Area% Symmetry
17,232 S4488.5 2033.2 0.6926 97 545 0.656
2 20,691 2123.6 36,4 0.9714 2,452 0

—
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'H and *C NMR of 6l
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HPLC of 6l

WD A, Wavelength=254 nm (LRM-DD2252.10

2

- - ()
o ch o
o o o

h
o

o

# Time Area Height Width Area% Symmetry
1 23.279 151903 270 0,9378 49,332 0,565
Z2 27,951 15601.7 241.2 1.0782 50,665 0,572

WD A, W avelength=254 nm (LRM-DD223.0)

mal| -
B00 -
400 -
1 T
d P
200 — o :
7 o0
U - 1 1 c\&*
I I r ’ T I
10 20 a0 40 min
[+ [+]
# Time Area Height Width Area% Symmelkry
1 23.064 49957, 1 853.3 0.9754 99,245 0.553
2z 28,422 379.8 4.9 1.2539 0.755 2,706
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'H and C NMR of 6m
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HPLC of 6m

WD A, Wavelength=254 nm (LRM-DB2277.00

20 min
[ [*]
# Time Area Height Vidth Area% Symmetry
1 13,766 108704 2.6 0.52a8 50,454 0,738
2 16,322 10662 2783 0.,58%9 49,516 0.77
WD A, Wavelength=254 nm (LRM-DE273.00
méLl— o
1000—5
500 —
00—
400 — "
| Iy
200 e
0 E —_ R LS }
5 1 15 20 25 min
[+ [+]
# Time Area Height Width Area% Symmetry
1 13.828 22992 577 05772 4.814 0,698
2 16,305 45462.7 1173.5 0,599 95,186 0,706
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'H and ¥C NMR of 6n
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HPLC of 6n

WD A, Wavelength=254 nm (LRM-DD2254.0)

Time Area Height Width

Area% Symmetry

—_

11,763 169126 6231 0.4027

49,452 0,485

ra

13.545 17266.5 570.6 0.455

50.518 0.613

WD A, Wavelength=254 nm (LRM-DCDE40.00

= a a
=~ o 2 Ch
th O ch O
o o o O
Lol by

ch
o
(=
il

13843

25 5] 75

Time Area Height Width

Area% Symmetry

—

11.582 33174 20105 0.3976

95,866 0.501

13,645 22932 02,8 0.5292

4,134 0.62
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'H and *C NMR of 60
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HPLC of 60

WD A, W avelength=254 nm (LRM-DC2260.0

mall - o
500
500 = 3
ann = G 4{@
E -
200 pees
200 -
100 =
e
h T T T T T T
10 15 20 25 30 35 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 10,465 17639.7 6611 0.4043 50,390 0.682
2 23,751 173664 274 1.0565 49,610 0.716
WG A, Wiavelangth=254 nm (LREM-D3TE.D)
mﬁLl_:
200-
150=
] iy
100= . o
3 L=l @,}
50 =
ol A
T ’ ’ T f T T
5 10 15 20
[+ [+]
¥ Time Area Height Width Area% Symmetry
1 10,545 7042 32,7 0,3846 4,237 0,936
2 23,897 17044.3 259,1 1.0964 95,703 0,665
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'H and *C NMR of 6p
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HPLC of 6p

W'D A, Wavelength=254 nm (LEM-DD2270.0)

& Time Area Height Width Area% Symmetry
20,082 201795 425.1 0.7128 49,761 0.456
2 24.714 20373.5 381.8 0,5245 50,239 0,559

—_

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

26 615

# Time Area Height Width Area% Symmekry
1 20,297 6H643.9 1346.8 00,7626 97.034 0.411
2 25,615 2098.2 0.8 0.7804 2,966 0.675
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'H and *C NMR of 6q
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HPLC of 6q

WD A, Wavelength=254 nm (LRM-DCZ27E.0)

:

L)
[}
o

250
200
150
100

&0

#

Time Area Height Width Area% Symmetry

—

11.033 g449.5 321.4 0.4381 50.064 0,833

12,463 G428.1 2734 0.5135 49,936 0.718

VD A, Wavelength=254 nm (LRM-DC274.0)

&
o
elloall oo Lo ool Bl

25 ] ] 10 125 15 175 min

Time Area Height Width Area% Symmetry

11.03 21013 794 0,4095 97.863 0.737

12.463 455.8 19.9 0.3685 2137 1.037
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'H and *C NMR of 6r
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HPLC of 6r

WD A, Wavelength=254 nm (LRM-DD2E5.0)

= [
120-
100-
a0
B0
e
20-

0= . - +

# Time Area Height Width Area% Symmetry

—_

34,404 12359.8 141.7 1.3324 20,704 0.432

2 46,277 12211 119.6 1.4043 43.29 0.42

VDA A, Wavelenath=254 nm (LREM-DD3272.00

mAl
400—2
300—5
200—5
100—5
D__ e h — .
11: 20 a0 a0 50 min
[+]
# Time Area Height Width Area% Symmetry
1 38,078 42320.1 486.7 1.4452 94,513 0,385
Z 47,275 2315.1 24.5 1.3901 5.187 0.643
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'H and C NMR of 6s
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HPLC of 6s

WD A, Wavelength=254 nm (LRM-D209.09

PeC o I N
th O th O
o o o O
| NI NTWTE Y

=

o

o
1

80—

min

# Time

Area

Height

Width

Area% Symmetry

—

7,471

137133

351.9

0.64594

50,549

0,409

2 14.01

134157

182.5

1.225

49.451

0,393

WD A, Wavelength=254 nm (LRM-D379.00

B

300
250
200
150
100

ih
=1
(TRt

==
|

# Time

Area

Height

Width

Area%s Symmebry

—_

7.509

707

15.6

0.6374

2.341

0,406

2 13.741

29493.6

335

1.4673

97,659

0,394
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'H and C NMR of 6t

£TS T —

EES'S—
arL'e
QgL’e
o8’
Tlo'L
E0°L
PLO'L
ta0"L
glLLL
BEL'L
9FTL
£9T'L

TlE'L
0gE"L

Lot'a—

FELOLI—

H;C

ZF'E
99'€

Fseez

Fiez

Foot

s0°1
H_amcé

$9°C

Fsao

Foo'l

0.5

4.0 2.5 2.0 1.6 1.0

3.8

8.8 8.0 7.5

9.0

1.0 10.5 10.0

11.5

1 (ppm)

SLTLL
1§'s1l
GRS
SO0Z1
QUET 1
LLET]
E]FT1
oLzl
Ch.__uNﬁk
PEBLL—2
SO'6Z1
PeeZl
95'0g ﬁ\‘
SO'SEl
LFLgl
1Z'sel
BL6E]
LEZPL

LELOT—

CHj

H3C

50 40 a0 piel 10

80

160 150 140 130 120 110 100 90 &0
1 (ppn)

170

S80



HPLC of 6t

YD A, Wiavelength=254 nm (LRM-DC3310.0)

mal - a 2
250 < &
200—5
150—5
100 -
50—
0 {M
i i ' T i ' ' T i ' i T T
2 4 5] 8 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 6,435 51257 270.6 0,239 49,709 0,787
2 7.23 51691 241.4 0,3319 50.211 0,895
WD A, Wavelength=254 nm (LR K-DC303.00
mLl -
2000~
1500
1000 -
500-
0-
T T T T T T
2 4 i 8 10 12 min
[4] [+]
# Time Area Height Width Area% Symmetbry
1 6,44 35766.7 2159.6 10,2992 99,327 0.6%
2 7.407 262.6 39.3 01113 0,673 I
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