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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 (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 (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 Phen-2NO ligands L1

27— pu—y
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General procedure A-In a sealed tube equipped with a magnetic stirring bar,
phenanthroline-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 (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 Phen-2NO ligand L1.

3. Characterization data of compounds 3 and ligands L
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3a: Light yellow solid, yield 73%, >20:1 dr; 'H NMR (CDCls, 400 MHz) &: 1.84-1.89 (m, 4H),
2.18-2.23 (m, 4H), 3.04-3.10 (m, 2H), 3.47-3.52 (m, 2H), 4.23-4.26 (m, 2H), 6.15 (s, 2H),
6.95-6.99 (m, 2H), 7.14-7.18 (m, 4H), 7.47 (d, J = 8.0 Hz, 2H), 7.58-7.61 (m, 6H), 8.09 (d, J = 8.4
Hz, 2H); *C NMR (CDCls, 100 MHz) 6: 23.7, 26.9, 55.3, 63.8, 83.6, 118.3, 120.0, 123.9, 125.3,
127.3, 127.8, 136.2, 136.4, 144.5, 157.5, 173.9; HRMS (ESI-TOF) m/z: Calcd. for C3sH3,NgNaO,

[M+Na]": 603.2479; Found: 603.2467.
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3i: Light yellow solid, yield 74%, >20:1 dr; '"H NMR (CDCls, 400 MHz) §: 1.84-1.90 (m, 4H),
2.17-2.22 (m, 10H), 3.04-3.11 (m, 2H), 3.48-3.54 (m, 2H), 4.20-4.23 (m, 2H), 6.16 (s, 2H), 6.79
(d, J = 7.2 Hz, 2H), 7.01-7.05 (m, 2H), 7.25-7.28 (m, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.52 (s, 2H),
7.62 (s, 2H), 8.10 (d, J = 8.4 Hz, 2H); **C NMR (CDCls, 100 MHz) §: 19.5, 22.9, 26.1, 54.5, 63.0,
82.8, 116.4, 117.5, 119.9, 124.1, 1245, 126.5, 126.8, 135.4, 135.6, 136.9, 143.8, 156.8, 173.1;

HRMS (ESI-TOF) m/z: Calcd. for CasH3sNgNaO, [M+Na]": 631.2792; Found: 631.2787.

Qe
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Lla (Prepared according to general procedure A): Light yellow solid, M.p. 256.3-256.9 °C,
overall yield 42%, >20:1 dr; 'H NMR (CD;0D, 400 MHz) ¢: 2.24-2.26 (m, 2H), 2.50-2.58 (m,
2H), 2.64-2.82 (m, 4H), 3.97-4.01 (m, 2H), 4.19-4.27 (m, 2H), 5.43 (d, J = 7.6 Hz, 2H), 6.92 (s,
2H), 7.09-7.13 (m, 2H), 7.22-7.26 (m, 4H), 7.44-7.46 (m, 4H), 7.80-7.83 (m, 2H), 7.97 (d, J = 8.0
Hz, 2H), 8.38-8.40 (m, 2H); **C NMR (CD0D, 100 MHz) §: 22.0, 24.8, 71.0, 77.4, 87.4, 122.6,
126.0, 126.4, 127.3, 128.9, 129.7, 135.7, 137.2, 145.8, 151.7, 169.5; HRMS (ESI-TOF) m/z:

Calcd. for CgH3NgNaO, [M+Na]*: 635.2371; Found: 635.2363.
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L1b (Prepared according to general procedure A): Light yellow solid, M.p. 243.5-244.4 °C,
overall yield 38%, 20:1 dr; 'H NMR (CD30D, 400 MHz) ¢: 2.25-2.27 (m, 2H), 2.54-2.56 (m, 2H),
2.62-2.67 (m, 2H), 2.76-2.78 (m, 2H), 4.02 (s, 2H), 4.27 (d, J = 9.6 Hz, 2H), 5.44 (s, 2H),
6.90-6.93 (m, 2H), 6.97-7.03 (m, 4H), 7.46-7.51 (m, 4H), 7.81-7.87 (m, 2H), 7.95-7.99 (m, 2H),
8.41-8.45 (m, 2H); *C NMR (CD50OD, 100 MHz) §: 22.1, 24.7, 71.1, 77.2, 87.7, 115.6 (d, Jcr =
23.0 Hz), 125.5 (d, Jcr = 9.3 Hz), 126.1, 127.3, 129.8, 131.6 (d, Jcr = 3.3 Hz), 137.3, 145.9, 151.6,
161.5 (d, Jcr = 244.1 Hz), 169.6; HRMS (ESI-TOF) m/z: Calcd. for CsH3oFNgNaO, [M+Na]":

671.2189; Found: 671.2177.

~Q S &
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L1c (Prepared according to general procedure A): Light yellow solid, M.p. 231.1-232.2 °C,
overall yield 35%, 15:1 dr; "H NMR (CD3OD, 400 MHz) §: 2.25-2.27 (m, 2H), 2.51-2.61 (m, 2H),
2.66-2.75 (m, 2H), 2.76-2.85 (m, 2H), 3.95-4.00 (m, 2H), 4.17-4.25 (m, 2H), 5.39 (d, J = 6.4 Hz,
2H), 6.83-6.88 (m, 2H), 6.99 (s, 2H), 7.17-7.26 (m, 4H), 7.49-7.53 (m, 2H), 7.87 (s, 2H), 8.04 (d,
J =8.0 Hz, 2H), 8.46 (d, J = 8.0 Hz, 2H); *C NMR (CD50D, 100 MHz) d: 22.0, 24.9, 71.1, 77.3,
86.8, 108.9 (d, Jcr = 26.3 Hz), 112.7 (d, Jcr = 21.4 Hz), 117.0, 126.0, 127.3, 129.8, 130.4 (d, JcF =
10.1 Hz), 137.3 (d, Jcr = 8.4 Hz), 145.8, 151.4, 162.6 (d, Jcr = 243.4 Hz), 169.4; HRMS

(ESI-TOF) m/z: Calcd. for C3gHaoF,NgNaO, [M+Na]": 671.2189; Found: 671.2186.

SRSty
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L1d (Prepared according to general procedure A): Light yellow solid, M.p. 263.1-264.0 °C,
overall yield 32%, 13:1 dr; "H NMR (CD3OD, 400 MHz) §: 2.25-2.31 (m, 2H), 2.50-2.62 (m, 4H),
2.67-2.73 (m, 2H), 4.03-4.07 (m, 2H), 4.32-4.39 (m, 2H), 5.43-5.45 (m, 2H), 6.73 (s, 2H),
6.91-6.95 (m, 2H), 7.00-7.10 (m, 2H), 7.19-7.29 (m, 4H), 7.89-7.94 (m, 4H), 8.43-8.46 (m, 2H);

3C NMR (CD50D, 100 MHz) §: 22.1, 24.7, 71.3, 76.7, 87.6, 116.1 (d, Jcr = 20.3 Hz), 121.9 (d,
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Jor = 12.1 Hz), 124.8 (d, Jer = 4.4 Hz), 126.1, 127.4, 129.5, 129.9, 130.2 (d, Jer = 8.5 Hz), 137.2,
146.0, 1515, 1584 (d, Jor = 248.2 Hz), 170.1; HRMS (ESI-TOF) m/z: Calcd. for

CagH30FNgNaO, [M+Na]+: 671.2184; Found: 671.2170.

Lle (Prepared according to general procedure A): Light yellow solid, M.p. 255.7-256.5 °C,
overall yield 36%, 13:1 dr; 'H NMR (CD30D, 400 MHz) ¢: 2.25-2.27 (m, 2H), 2.55-2.58 (m, 2H),
2.68-2.71 (m, 2H), 2.77-2.83 (m, 2H), 4.00-4.02 (m, 2H), 4.22-4.27 (m, 2H), 5.43 (s, 2H),
6.95-6.99 (m, 2H), 7.23-7.28 (m, 4H), 7.47-7.54 (m, 4H), 7.76-7.85 (m, 2H), 7.99-8.03 (m, 2H),
8.39-8.44 (m, 2H); *C NMR (CD;0D, 100 MHz) 6: 22.1, 24.8, 71.1, 77.3, 87.2, 124.1, 126.1,
127.3, 129.0, 129.8, 131.7, 134.4, 137.4, 145.8, 151.5, 169.5; HRMS (ESI-TOF) m/z: Calcd. for

CasH30Cl,NgNaO, [M+Na]™: 703.1578; Found: 703.1566.
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L1f (Prepared according to general procedure A): Light yellow solid, M.p. 257.1-258.3 °C,
overall yield 32%, 12:1 dr; '"H NMR (CD3OD, 400 MHz) §: 2.25-2.27 (m, 2H), 2.51-2.59 (m, 2H),
2.67-2.74 (m, 2H), 2.76-2.82 (m, 2H), 3.95-3.99 (m, 2H), 4.17-4.25 (m, 2H), 5.38 (d, J = 6.8 Hz,
2H), 6.99 (s, 2H), 7.11-7.13 (m, 2H), 7.17-7.21 (m, 2H), 7.31-7.33 (m, 2H), 7.68 (d, J = 2.0 Hz,
2H), 7.85 (s, 2H), 8.04 (d, J = 8.4 Hz, 2H), 8.45 (d, J = 8.4 Hz, 2H); *C NMR (CD30D, 100 MHz)
0:22.0,24.9,71.1, 77.3, 86.8, 120.0, 121.6, 126.0, 126.1, 127.4, 129.8, 130.2, 134.3, 137.1, 137.4,

145.8, 151.4, 169.5; HRMS (ESI-TOF) m/z: Calcd. for CssH3oCl,NsNaO, [M+Na]": 703.1589;

Br Br
DR 0
N—" N

L1g (Prepared according to general procedure A): Light yellow solid, M.p. 257.7-258.9 °C,

Found: 703.1577.

overall yield 35%, 15:1 dr; 'H NMR (CD30D, 400 MHz) ¢: 2.25-2.27 (m, 2H), 2.53-2.57 (m, 2H),
2.66-2.68 (m, 2H), 2.74-2.79 (m, 2H), 3.97-4.01 (m, 2H), 4.20-4.27 (m, 2H), 5.38 (d, J = 8.4 Hz,

S5



2H), 6.95 (s, 2H), 7.37-7.44 (m, 8H), 7.87-7.89 (m, 2H), 8.00 (d, J = 8.4 Hz, 2H), 8.44-8.47 (m,
2H); *C NMR (CD;OD, 100 MHz) §: 22.0, 24.8, 71.1, 77.2, 87.1, 119.4, 124.2, 126.1, 127.4,
129.8, 131.9, 1348, 137.4, 1458, 1514, 169.4; HRMS (ESI-TOF) m/z: Calcd. for

CasH30Br,NgNaO4 [M+Na]": 791.0569; Found: 791.0550.
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L1h (Prepared according to general procedure A): Light yellow solid, M.p. 264.9-265.5 °C,
overall yield 32%, 12:1 dr;'"H NMR (CD;OD, 400 MHz) &: 2.17 (s, 3H), 2.23-2.24 (m, 2H),
2.52-2.57 (m, 2H), 2.66-2.70 (m, 2H), 2.74-2.79 (m, 2H), 3.97-4.01 (m, 2H), 4.19-4.27 (m, 2H),
5.44 (d, J = 11.6 Hz, 2H), 6.88 (s, 2H), 7.05 (d, J = 8.4 Hz, 4H), 7.28-7.34 (m, 4H), 7.71 (s, 2H),
7.94 (d, J = 8.0 Hz, 2H), 8.31 (d, J = 8.0 Hz, 2H); *C NMR (CDs0OD, 100 MHz) §: 23.5, 25.9,
28.7,75.0, 81.3,91.6, 126.7, 129.9, 131.2, 133.3, 133.6, 137.0, 140.6, 141.1, 149.8, 155.7, 173.4;

HRMS (ESI-TOF) m/z: Calcd. for CasH3sNgNaO, [M+Na]": 663.2682; Found: 663.2675.

HacQ \7’\1 }\‘7/ QcHa
N—" N

L1i (Prepared according to general procedure A): Light yellow solid, M.p. 262.1-263.3 °C, overall
yield 31%, 11:1 dr; '"H NMR (CD;0OD, 400 MHz) &: 2.22-2.26 (m, 8H), 2.50-2.57 (m, 2H),
2.65-2.80 (m, 4H), 3.96-4.00 (m, 2H), 4.18-4.25 (m, 2H), 5.44 (s, 2H), 6.90-6.94 (m, 4H),
7.07-7.12 (m, 2H), 7.18-7.22 (m, 2H), 7.31-7.33 (m, 2H), 7.71-7.78 (m, 2H), 7.98 (d, J = 8.0 Hz,
2H), 8.32-8.38 (m, 2H); *C NMR (CD;0D, 100 MHz) §: 20.0, 22.0, 24.8, 71.0, 77.4, 87.4, 119.5,
122.6, 125.9, 127.1, 127.2, 128.7, 129.7, 135.7, 137.2, 139.1, 1458, 151.8, 169.4; HRMS

(ESI-TOF) m/z: Calcd. for CagH3sNgNaO, [M+Na]*: 663.2682; Found: 663.2679.

cYrasYe
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L1j (Prepared according to general procedure A): Light yellow solid, M.p. 238.4-239.5 °C,

overall yield 38%, 18:1 dr; 'H NMR (CD30D, 400 MHz) ¢: 1.03-1.06 (m, 6H), 2.23-2.25 (m, 2H),
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2.44-2.50 (m, 4H), 2.53-2.59 (m, 2H), 2.64-2.81 (M, 4H), 3.98-4.02 (m, 2H), 4.20-4.27 (m, 2H),
6.90 (s, 2H), 7.08 (d, J = 8.4 Hz, 4H), 7.37 (d, J = 8.4 Hz, 4H), 7.63 (s, 2H), 7.95 (d, J = 8.0 Hz,
2H), 8.26 (d, J = 8.0 Hz, 2H); **C NMR (CD50D, 100 MHz) §: 14.7, 22.0, 24.7, 27.9, 71.1, 77.4,
87.6, 122.8, 126.0, 127.2, 128.3, 129.6, 133.3, 137.1, 143.0, 145.8, 151.7, 169.4; HRMS

(ESI-TOF) m/z: Calcd. for C4oHaoNsNaO, [M+Na]": 691.2989; Found: 691.2975.
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L1k (Prepared according to general procedure A): Light yellow solid, M.p. 258.9-259.4 °C,
overall yield 35%, 13:1 dr; ‘H NMR (CD50D, 400 MHz) 6: 2.23-2.28 (m, 2H), 2.50-2.57 (m, 2H),
2.62-2.65 (m, 2H), 2.70-2.75 (m, 2H), 3.64 (s, 6H), 3.97-4.01 (m, 2H), 4.23-4.30 (m, 2H),
5.41-5.44 (m, 2H), 6.76-6.81 (m, 6H), 7.28-7.32 (m, 4H), 7.81-7.87 (m, 2H), 7.91 (d, J = 8.0 Hz,
2H), 8.37-8.43 (m, 2H); *C NMR (CDs0D, 100 MHz) 6: 22.0, 24.6, 54.5, 71.0, 77.3, 88.1, 114.1,
125.3, 126.0, 127.3, 128.0, 129.7, 137.1, 145.9, 151.8, 158.6, 169.6; HRMS (ESI-TOF) m/z:

Calcd. for CagH3sNgNaOg [M+Na]™: 695.2589; Found: 695.2589.

é} C N/Q\Q/ &
N—" N
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L11 (Prepared according to general procedure A): Light yellow solid, M.p. 248.8-249.7 °C, overall
yield 33%, 12:1 dr; '"H NMR (CD5OD, 400 MHz) &: 1.08-1.10 (m, 12H), 2.24-2.26 (m, 2H),
2.52-2.55 (m, 2H), 2.67-2.79 (m, 6H), 3.99 (s, 2H), 4.20-4.27 (m, 2H), 5.42 (s, 2H), 6.88 (d, J =
4.0 Hz, 2H), 7.11 (d, J = 6.8 Hz, 4H), 7.35-7.37 (m, 4H), 7.71-7.81 (m, 2H), 7.95 (d, J = 8.0 Hz,
2H), 8.32-8.39 (m, 2H); BC NMR (CD50D, 100 MHz) ¢: 22.0, 22.8, 24.7, 33.5, 71.0, 77.3, 87.6,
122.8, 126.0, 126.8, 127.2, 129.7, 133.3, 137.2, 145.8, 147.6, 151.8, 169.4; HRMS (ESI-TOF) m/z:

Calcd. for C4,H,NgNaO, [M+Na]": 719.3304; Found: 719.3290.

L6a (Prepared according to general procedure A): White solid, overall yield 35%, 10:1 dr; *H
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NMR (DMSO-ds, 400 MHz) §: 2.13-2.18 (m, 1H), 2.27-2.34 (m, 1H), 2.38-2.51 (m, 2H),
3.75-3.79 (m, 1H), 4.11-4.18 (m, 1H), 4.73-7.76 (m, 1H), 7.07 (s, 1H), 7.11-7.14 (m, 1H),
7.28-7.32 (m, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.75-7.78 (m, 1H), 7.94-8.05 (m, 3H), 8.45-8.50 (m,
2H), 9.14-9.16 (m, 1H); *C NMR (DMSO-ds, 100 MHz) &: 23.0, 24.8, 71.7, 77.8, 88.0, 123.2,
123.9, 126.0, 126.6, 126.7, 127.9, 129.1, 129.3, 129.4, 136.6, 136.7, 136.8, 145.2, 145.7, 150.8,
152.9, 169.8; HRMS (ESI-TOF) m/z: Calcd. for C,HxNsNaO, [M+Na]™: 419.1478; Found:

419.1470.

4. General procedure for preparation of chiral ligand L2a

Q\( (=

H HN-Ph — — Cr= )

\
1 o N\ { pn 1.0 eq m-CPBA P & N N Ph
+ EtOH, reflux \N N N\\ N\\
\_‘ —_—
— o jN N_ =0 R o= UNO N_ =0
I\ 12h Q DCM, 0 °C, 20 min Q
N/ L2a

o= 2 =0 3

In a sealed tube equipped with a magnetic stirring bar, phenanthroline-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.

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 L 2a.

5. Characterization data of chiral ligand L2a

L2a: White solid; yield 37%, >20:1 dr; 'H NMR (CD;OD, 400 MHz) ¢: 1.82-1.87 (m, 1H),
1.92-1.95 (m, 1H), 2.22-2.31 (m, 2H), 2.40-2.48 (m, 1H), 2.53-2.60 (m, 1H), 2.68-2.78 (m, 2H),

3.08-3.14 (m, 1H), 3.45-3.50 (m, 1H), 3.97-4.02 (m, 1H), 4.22-4.30 (m, 1H), 4.99 (d, J = 4.4 Hz,
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1H), 5.40 (d, J = 6.8 Hz, 1H), 6.23 (s, 1H), 6.94 (s, 1H), 7.00-7.04 (m, 1H), 7.08-7.12 (m, 1H),
7.17-7.24 (m, 4H), 7.45-7.52 (m, 4H), 7.64-7.76 (m, 3H), 7.92 (d, J = 8.0 Hz, 1H), 8.19-8.35 (m,
2H): *C NMR (CD;0OD, 100 MHz) 6: 22.1, 24.3, 24.4, 27.5, 56.0, 65.5, 70.9, 77.2, 84.2, 87.8,
122.0, 122.5, 123.0, 125.4, 125.7, 126.4, 126.6, 127.2, 128.6, 128.8, 128.9, 129.5, 137.0, 137.1,
137.3, 145.7, 145.9, 151.2, 158.3, 169.4, 175.8; HRMS (ESI-TOF) m/z: Calcd. for CasHz,NgNaOs

[M+Na]": 619.2420; Found: 619.2428.

6. The gram scale synthesis of the Phen-2NO ligand L1a

O\(o I \_(~ Q L) Q
N HN@ + = 4 EtOH NN
o= =0 N— N
o’\/\N7 N_ =0
3a Q

1a (29) 2 reflux, 12 h
1.37 g, 7.2 mmol 0.71 g, 3.0 mmol
intermediate

£ = =
P R0
3 y N 2.2 eq m-CPBA
TNy LT

| o N—"
'fﬁ:» X T\N“‘ ) O=N_ ~—0
4 - 20N
N & DCM, rt, 30 min

L1a

Esa o
2 3 7 0.77 g, overall yield 42%,
¥ oy

>20:1dr

In a sealed tube equipped with a magnetic stirring bar, phenanthroline-dicarbaldehyde 2 (0.71 g,
3.0 mmol) and optically pure prolinamide la (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 Phen-2NO ligand L1a (0.77 g, 42% overall yield, >20:1 dr).

7. Catalytic asymmetric synthesis of compounds 6

Ar,

. o !
Ni(OTf), (2.0 mol%) : L)
L1a (2.4 mol%) | N N
X OEt
_ > R‘% (0] | N—" N
z : o 0-N_ =0

o DCM, t. 24 h
ArT Y 6

Iz
o]
Q@
o

S9



In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (2.0 mol %),
L1a (2.4 mol %) in 2.0 mL of CH,CI, was added 4 (0.30 mmol), and 5 (0.20 mmol). The reaction
mixture was stirred at room temperature for 24 h and was directly loaded onto a silica gel and
purified by flash chromatography to give the desired product 6, using hexane/EtOAc (10/1, v/v) as

the eluent.

8. Characterization data of compounds 6

L,
®

OEt

IZ_

6a: Product in accordance with literature characterization data'®*. 91% vyield, 99% ee, [a]p? =
-27.2 (c 0.70, CHCI3); 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; Tmajor = 33.63 min; Tminor = 42.85 min);
'H NMR (CDCl;, 400 MHz) &: 1.16-1.19 (m, 3H), 3.48-3.62 (m, 2H), 4.09-4.15 (m, 2H),
4.81-4.85 (m, 1H), 6.90-6.95 (m, 2H), 7.04-7.11 (m, 2H), 7.15-7.25 (m, 5H), 7.34 (d, J = 8.0 Hz,
1H), 7.96 (br s, 1H); *C NMR (CDCls, 100 MHz) &: 12.9, 36.8, 44.6, 61.5, 110.2, 118.4, 120.6,

121.2, 1255, 126.7, 127.5, 135.5, 142.2, 159.9, 192.1.

L,
»

OEt

IZ__

6b: Product in accordance with literature characterization data'®. 89% yield, 93% ee, [a]p?’ =
-22.7 (c 0.45, CHCI3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tyajor = 15.26 min; Tmingr = 22.01 min);
'H NMR (CDCl;, 400 MHz) 6: 1.18-1.22 (m, 3H), 3.45-3.60 (m, 2H), 4.11-4.17 (m, 1H),
4.80-4.83 (m, 1H), 6.83-6.88 (m, 2H), 6.92-6.96 (m, 2H), 7.05-7.09 (m, 1H), 7.18-7.24 (m, 3H),
7.29 (d, J = 7.6 Hz, 1H), 8.00 (br s, 1H); *C NMR (CDCls, 100 MHz) &: 13.9, 37.1, 45.7, 62.6,
111.3, 115.3 (d, Jcr = 22.3 Hz), 118.2, 119.5 (d, Jcr = 29.1 Hz), 121.5, 122.4, 126.3, 129.3 (d, Jcr
= 8.4 Hz), 136.6, 139.0, 161.0, 161.5 (d, Jcr = 243.3 Hz), 193.0; HRMS (ESI-TOF) m/z: Calcd.

for C,oH1sFNNaO; [M+Na]": 362.1163; Found: 362.1168.
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L,
®

IS OEt

IZ__

6¢: Product in accordance with literature characterization data'®. 87% yield, 90% ee; The ee
was determined by HPLC analysis using a Chiralpak 1A column (95/5 hexane/i-PrOH; flow rate:
1.0 mL/min; A = 254 nm; Tpajor = 20.86 min; Tmingr = 24.62 min); 'H NMR (CDCl3, 400 MHz) ¢:
1.16-1.20 (m, 3H), 3.45-3.61 (m, 2H), 4.10-4.16 (m, 2H), 4.80-4.84 (m, 1H), 6.74-6.79 (m, 1H),
6.90-6.96 (m, 3H), 7.02-7.15 (m, 3H), 7.20 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 7.6 Hz, 1H), 8.02 (br s,
1H); *C NMR (CDCls, 100 MHz) 6: 12.8, 36.4, 44.4, 61.6, 110.3, 112.5 (d, Jcr = 21.2 Hz), 113.7
(d, Jcr = 22.3 Hz), 116.5, 118.1, 118.5, 120.6, 121.3, 122.6 (d, Jcr = 2.4 Hz), 125.2, 128.9 (d, Jcr

=8.1Hz),129.1, 135.5, 145.0 (d, Jcr = 6.4 Hz), 159.8, 161.8 (d, Jcr = 247.3 Hz), 191.8.

L,
C

I OEt

Iz

6d: Product in accordance with literature characterization data’®. 92% yield, 99% ee; The ee
was determined by HPLC analysis using a Chiralpak 1A column (95/5 hexane/i-PrOH; flow rate:
1.0 mL/min; A = 254 nm; Tpajor = 20.18 min; Tminer = 25.48 min); 'H NMR (CDCl3, 400 MHz) 6:
1.18-1.21 (m, 3H), 3.45-3.60 (m, 2H), 4.11-4.17 (m, 2H), 4.78-4.82 (m, 1H), 6.91-6.96 (m, 2H),
7.05-7.09 (m, 1H), 7.12-7.18 (m, 4H), 7.23 (d, J = 8.0 Hz, 1H), 7.28 (d, J = 8.0 H, 1H), 8.00 (br s,
1H); BC NMR (CDCls, 100 MHz) ¢: 12.9, 36.1, 44.4, 61.6, 110.3, 116.7, 118.2, 118.6, 120.5,

121.4,125.2, 127.6, 128.2, 131.2, 135.6, 140.8, 159.8, 191.8.

C

o OEt

Iz

6e: Product in accordance with literature characterization data™®*. 89% vyield, 97% ee, [a]p? =
-22.1 (c 0.43, CHCI3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tyajor = 27.09 min; Tminor = 33.78 min);
'H NMR (CDCls, 400 MHz) &: 1.18-1.21 (m, 3H), 3.36-3.42 (m, 1H), 3.59-3.66 (m, 1H),
4.13-4.18 (m, 2H), 5.34-5.38 (m, 1H), 6.92-6.96 (m, 2H), 7.00-7.06 (m, 3H), 7.10-7.12 (m, 1H),
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7.21 (d, J = 8.4 Hz, 1H), 7.28-7.30 (m, 1H), 7.35 (d, J = 8.0 Hz, 1H), 8.03 (br s, 1H); *C NMR
(CDCls, 100 MHz) 8: 12.9, 33.2, 43.6, 61.5, 110.2, 115.8, 118.3, 118.5, 121.1, 121.3, 125.4, 126.0,

126.9, 128.0, 128.7, 132.4, 135.5, 139.5, 159.9, 191.7.

Cl
e
[o}

6f: 87% yield, 98% ee; The ee was determined by HPLC analysis using a Chiralpak 1A column

I OEt

Iz

(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tpajor = 30.33 min; Tminer = 38.88 min);
'H NMR (CDCls, 400 MHz) ¢: 1.19-1.22 (m, 3H), 3.34-3.40 (m, 1H), 3.59-3.66 (m, 1H),
4.14-4.19 (m, 2H), 5.37-5.40 (m, 1H), 6.92-6.97 (m, 3H), 7.00-7.03 (m, 1H), 7.05-7.09 (m, 1H),
7.20-7.22 (m, 2H), 7.31 (d, J = 7.6 Hz, 1H), 8.05 (br s, 1H); *C NMR (CDCls, 100 MHz) 5: 12.2,
33.4,42.6,60.9, 109.5, 114.8, 117.5, 118.0, 120.4, 120.8, 124.6, 125.4, 125.6, 127.0, 130.1, 131.6,
134.8, 141.3, 159.1, 190.6; HRMS (ESI-TOF) m/z: Calcd. for CyH;;Cl,NNaO; [M+Na]":

412.0478; Found: 412.0484.

Br.

L,
\OOEt
N
H

6g: Product in accordance with literature characterization data*®<. 90% yield, 95% ee, [o]p>° =
-27.9 (c 0.50, CHCI3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 16.04 min; Tminor = 25.17 min);
'H NMR (CDCls, 400 MHz) &: 1.18-1.21 (m, 3H), 3.44-3.60 (m, 2H), 4.11-4.17 (m, 2H),
4.76-4.80 (m, 1H), 6.90-6.96 (M, 2H), 7.05-7.12 (m, 3H), 7.21 (d, J = 8.0 Hz, 1H), 7.27-7.29 (m,
3H), 8.01 (br s, 1H); BC NMR (CDCl3, 100 MHz) 6: 11.7, 35.0, 43.1, 60.4, 109.1, 115.4, 117.0,

117.4,118.1, 119.3, 120.2, 124.0, 127.4, 129.4, 134.3, 140.1, 158.6, 190.6.
O Br
o)

6h: Product in accordance with literature characterization data'®. 88% yield, 98% ee, [a]p® =

I OEt

IZ

-28.2 (c 0.43, CHCI3); The ee was determined by HPLC analysis using a Chiralpak 1A column
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(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tpajor = 15.51 min; Tminer = 18.78 min);
'H NMR (CDCl;, 400 MHz) ¢: 1.18-1.22 (m, 3H), 3.34-3.39 (m, 1H), 3.58-3.65 (m, 1H),
4.13-4.19 (m, 2H), 5.32-5.35 (m, 1H), 6.93-6.97 (m, 3H), 7.03-7.11 (m, 3H), 7.21 (d, J = 8.4 Hz,
1H), 7.35 (d, J = 8.0 Hz, 1H), 7.48-7.50 (m, 1H), 8.03 (br s, 1H); **C NMR (CDCls, 100 MHz) &:
14.0, 37.1, 44.8, 62.6, 111.3, 117.0, 119.5, 119.6, 122.2, 122.4, 124.3, 126.5, 127.8, 128.3, 129.2,
133.1, 136.6, 142.2, 161.0, 192.7; HRMS (ESI-TOF) m/z: Calcd. for CyH1sBrNNaO; [M+Na]':

422.0362; Found: 422.0365.

vy
(o]
O \ 4 OEt
N
Cl H

6i: 82% yield, 95% ee; The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 15.40 min; Tminer = 13.50 min);
'H NMR (DMSO-dg, 400 MHz) 6: 1.21-1.24 (m, 3H), 3.35-3.41 (m, 1H), 3.58-3.64 (m, 1H),
4.16-4.21 (m, 2H), 5.29-5.33 (m, 1H), 6.90-6.96 (m, 2H), 7.03-7.09 (m, 3H), 7.21-7.24 (m, 2H),
7.29-7.32 (m, 1H), 8.05 (br s, 1H); *C NMR (DMSO-dgs, 100 MHz) &: 14.2, 33.6, 44.7, 62.3,
111.6, 116.6, 119.4, 120.1, 124.6, 125.4, 126.5, 127.9, 128.5, 129.7, 129.8, 132.9, 137.2, 141.5,
160.8, 192.6; HRMS (ESI-TOF) m/z: Calcd. for CyHi7CI,NNaO; [M+Na]™: 412.0478; Found:

412.0479.

Br.

L,
\O OEt
N

cl N

6j: 85% yield, 91% ee; The ee was determined by HPLC analysis using a Chiralpak IA column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 19.42 min; Tminor = 16.17 min);
'H NMR (CDCl;, 400 MHz) ¢: 1.20-1.23 (m, 3H), 3.43-3.58 (m, 2H), 4.14-4.19 (m, 2H),
4.73-4.76 (m, 1H), 6.89-6.94 (m, 2H), 7.08-7.10 (m, 2H), 7.15 (d, J = 8.4 Hz, 1H), 7.22 (d, J = 1.6
Hz, 1H), 7.29-7.31 (m, 2H), 8.04 (br s, 1H); *C NMR (CDCls, 100 MHz) &: 12.9, 36.0, 44.2, 61.7,
110.2, 116.9, 119.1, 119.4, 1195, 121.1, 123.8, 127.4, 128.5, 130.7, 135.9, 141.0, 159.8, 191.6;

HRMS (ESI-TOF) m/z: Calcd. for CyH17;BrCINNaO; [M+Na]*: 455.9973; Found: 455.9977.
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H3C

L,
O \ o OEt
N
Cl H

6k: 83% vyield, 91% ee; The ee was determined by HPLC analysis using a Chiralpak IA column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tpajor = 17.61 min; Tminer = 15.15 min);
'H NMR (CDCl3, 400 MHz) §: 1.18-1.22 (m, 3H), 2.20 (s, 3H), 3.44-3.59 (m, 2H), 4.12-4.17 (m,
2H), 4.74-4.77 (m, 1H), 6.88-6.94 (m, 2H), 6.99 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H),
7.20-7.22 (m, 2H), 7.97 (br s, 1H); **C NMR (CDCl;, 100 MHz) &: 12.9, 36.0, 44.2, 61.7, 110.2,
116.9, 119.1, 119.4, 119.5, 121.1, 123.8, 127.4, 128.5, 130.7, 135.9, 141.0, 159.8, 191.6; HRMS

(ESI-TOF) m/z: Calcd. for C,;H2oCINNaO; [M+Na]™: 392.1024; Found: 392.1024.

L,
HsCO
O \ & OEt
N
H

6l: Product in accordance with literature characterization data'®<. 91% vyield, 93% ee, [a]p?’ =
-55.2 (c 0.57, CHCI3); 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; Tmajor = 31.16 min; Tminer = 36.82 min);
'H NMR (CDCls, 400 MHz) &: 1.23-1.27 (m, 3H), 3.54-3.68 (m, 2H), 3.73 (s, 3H), 4.17-4.22 (m,
2H), 4.83-4.87 (m, 1H), 6.77-6.83 (m, 2H), 6.94 (d, J = 2.4 Hz, 1H), 7.14-7.18 (m, 2H), 7.22-7.27
(m, 2H), 7.31-7.33 (m, 2H), 7.99 (br s, 1H); BC NMR (CDCls, 100 MHz) 6: 13.9, 37.8, 45.6, 55.9,
62.6, 101.4, 112.0, 112.3, 117.9, 122.4, 126.6, 126.9, 127.8, 128.6, 131.8, 143.3, 153.9, 161.0,

193.3.

Cl

L,
H5CO.
O \ 6 OEt
N

H

6m: Product in accordance with literature characterization data’®. 92% vyield, 95% ee, [o]p?° =
-34.4 (c 0.37, CHCI3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tyajor = 13.75 min; Tminor = 19.70 min);
'H NMR (CDCl3, 400 MHz) §: 1.19-1.23 (m, 3H), 3.44-3.57 (m, 2H), 3.67 (s, 3H), 4.13-4.18 (m,
2H), 4.73-4.77 (m, 1H), 6.70-6.76 (m, 2H), 6.91 (d, J = 2.4 Hz, 1H), 7.11-7.19 (m, 5H), 7.91 (br s,

1H); **C NMR (CDCl;, 100 MHz) 6: 13.9, 37.1, 45.4, 55.9, 62.6, 101.3, 111.9, 112.4, 117.6, 122.2,
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126.7, 128.7, 129.2, 131.7, 132.3, 141.8, 154.0, 160.9, 192.8; HRMS (ESI-TOF) m/z: Calcd. for

C,1H2CINNaO, [M+Na]": 408.0973; Found: 408.0969.
e
[¢]
H3CO O \ ¢ OEt
N

6n: Product in accordance with literature characterization data'®. 92% yield, 97% ee, [a]p? =
-37.2 (c 0.36, CHCI3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 9.40 min; Tminor = 16.28 min); H
NMR (DMSO-dg, 400 MHz) ¢: 1.21-1.25 (m, 3H), 3.49-3.55 (m, 1H), 3.68 (s, 3H), 3.76-3.83 (m,
1H), 4.17-4.23 (m, 2H), 5.16-5.19 (m, 1H), 6.71-6.74 (m, 1H), 6.88 (d, J = 2.4 Hz, 1H), 7.17-7.25
(m, 4H), 7.38-7.44 (m, 2H), 10.81 (br s, 1H); *C NMR (DMSO-dg, 100 MHz) 6: 14.2, 33.7, 44.7,
55.7, 62.3, 100.9, 111.5, 112.7, 116.2, 123.8, 127.8, 128.3, 129.7, 129.8, 132.0, 141.7, 153.5,
160.8, 192.8; HRMS (ESI-TOF) m/z: Calcd. for C,HCINNaO, [M+Na]": 408.0973; Found:

408.0974.

Br.

O o
H3CO
O \ o OEt
N
H

60: Product in accordance with literature characterization data'®. 93% yield, 96% ee, [a]p>’ =
-45.0 (c 0.24, CHCIl3); 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; Tmajor = 36.32 min; Tminor = 53.68 min);
'H NMR (CDCls, 400 MHz) 6 1.16-1.20 (m, 3H), 3.42-3.57 (m, 2H), 3.65 (s, 3H), 4.10-4.16 (m,
2H), 4.70-4.74 (m, 1H), 6.69-6.73 (m, 2H), 6.85 (s, 1H), 7.06-7.10 (m, 3H), 7.26 (d, J = 8.8 Hz,
2H), 7.99 (br s, 1H): *C NMR (CDCls, 100 MHz) &: 12.2, 35.4, 43.5, 54.1, 60.9, 99.5, 110.2,
110.6, 115.7, 118.6, 120.5, 124.9, 127.8, 129.8, 130.0, 140.5, 152.2, 159.1, 191.0; HRMS

(ESI-TOF) m/z: Calcd. for C,;H,0BrNNaO, [M+Na]*: 452.0468; Found: 452.0474.

O Br
0]
H4CO
O \ & OEt
N
H

6p: Product in accordance with literature characterization data'®. 91% yield, 97% ee, [a]p?’ =
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-42.5 (c 0.37, CHCIl3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 9.64 min; Tminer = 15.29 min); H
NMR (CDCl3, 400 MHz) ¢: 1.90-1.23 (m, 3H), 3.34-3.39 (m, 1H), 3.57-3.64 (m, 1H), 3.68 (s, 3H),
4.14-4.19 (m, 2H), 5.27-5.31 (m, 1H), 6.71-6.74 (m, 1H), 6.82 (d, J = 2.4 Hz, 1H), 6.92-6.97 (m,
2H), 7.05-7.13 (m, 3H), 7.48-7.50 (m, 1H), 7.95 (br s, 1H); *C NMR (CDCl;, 100 MHz) &: 12.9,
35.9, 43.7, 54.8, 61.5, 100.3, 110.8, 111.5, 121.6, 123.2, 125.9, 126.7, 127.2, 128.2, 130.6, 132.0,
141.1, 152.9, 159.9, 191.6; HRMS (ESI-TOF) m/z: Calcd. for C,H,BrNNaO, [M+Na]*:

452.0468; Found: 452.0462.

H;C

O O
H;CO
O \ & OEt
N
H

6q: 88% yield, 95% ee; The ee was determined by HPLC analysis using a Chiralpak 1A column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 21.54 min; Tyinor = 18.18 min);
'H NMR (CDCls, 400 MHz) §: 1.14-1.18 (m, 3H), 2.18 (s, 3H), 3.44-3.58 (m, 2H), 3.65 (s, 3H),
4.08-4.13 (m, 2H), 4.71-4.75 (m, 1H), 6.68-6.71 (m, 1H), 6.76 (d, J = 2.4 Hz, 1H), 6.84 (d, J = 2.4
Hz, 1H), 6.97 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.8 Hz, 1H), 7.12 (d, J = 8.8 Hz, 2H), 7.91 (br s,
1H); *C NMR (CDCls, 100 MHz) 6: 12.4, 19.5, 35.9, 44.1, 54.3, 60.9, 99.9, 110.3, 110.7, 116.7,
120.7, 125.3, 126.1, 127.7, 130.2, 134.5, 138.6, 152.3, 159.5, 191.8; HRMS (ESI-TOF) m/z:

Calcd. for C,,H,3NNaO, [M+Na]': 388.1519; Found: 388.1527.

H3CO,

o

H4CO
O \ o OEt

N

H

6r: 90% yield, 98% ee; The ee was determined by HPLC analysis using a Chiralpak IA column
(95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 58.96 min; Tminor = 73.92 min);
'H NMR (CDCls, 400 MHz) §: 1.17-1.20 (m, 3H), 3.43-3.57 (m, 2H), 3.66 (s, 3H), 3.67 (s, 3H),
4.10-4.16 (m, 2H), 4.71-4.75 (m, 1H), 6.70-6.76 (m, 4H), 6.87 (d, J = 2.0 Hz, 1H), 7.08 (d, J = 8.8
Hz, 1H), 7.15 (d, J = 9.6 Hz, 2H), 7.91 (br s, 1H); *C NMR (CDCl;, 100 MHz) §: 12.9, 36.0, 44.7,
54.2,54.8, 61.5,100.4, 110.8, 111.2, 112.9, 117.2, 121.2, 125.8, 127.7, 130.7, 134.3, 152.8, 157.1,

160.0, 192.3; HRMS (ESI-TOF) m/z: Calcd. for CxH3sNNaOs [M+Na]™: 404.1468; Found:
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404.1474.

6s: Product in accordance with literature characterization data'®°. 71% yield, 50% ee, [a]p?’ =
-12.4 (c 0.38, CHCIl3); The ee was determined by HPLC analysis using a Chiralpak 1A column
(85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tmajor = 16.07 min; Tyinor = 15.24 min);
'H NMR (DMSO-dg, 400 MHz) &: 1.20-1.23 (m, 3H), 3.55-3.62 (m, 1H), 3.68-3.74 (m, 4H),
4.15-4.21 (m, 2H), 4.70-4.74 (m, 1H), 6.92-6.95 (m, 1H), 7.08-7.14 (m, 2H), 7.22-7.25 (m, 3H),
7.33-7.36 (m, 3H), 7.42 (d, J = 7.6 Hz, 1H); *C NMR (DMSO-dg, 100 MHz) J: 14.2, 32.8, 37.4,
455, 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,

161.0, 193.0.

9. Control experiments and HPLC spectra for compound 6a

0
° Ni(OT), (2.0 mol%) O °

@ x L (2.4 mol%)

. ) A

o) — s
H O \ ¢ OEt
DCM, rt. 24 h
5a N

\ N/ Van\
Ph NN Ph \ /" \_¢ Ph \ N -
N ph &N N Ph N
o= o o =0 N N N =0
) o N0 N_~=0 Om G
W
L1a L3a 3a
6a, 91% yield, +99% ee 6a, 37% yield, +66% ee 6a, 65% yield, +50% ee

Q R S
L6a

6a, 67% yield, <5% ee 6a, 62% yield, -6% ee 6a, 71% yield, +31% ee

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (2.0 mol %),
L (2.4 mol %) in 2.0 mL of CH,Cl, was added 4 (0.30 mmol), and 5 (0.20 mmol). The reaction
mixture was stirred at room temperature for 24 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.
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WVIND AL Wavelength=254 nm (L-CYL-B-312.07)

250

200

100—5
50-
o
T
10
[T [+]
# Time Area Height Width Area% Symmetry
1 29,425 35596.6 297.3 1.7585 53.048 0.329
2 37.715 7578.2 547 20231 16,952 0.412

WD A Wavelength=254 nm (L-CYL-B-211.00

2

b
h
(=]

= xR
=] th O
(=] L= =]
Lol 1

h
(=]
Liny

(=]

[

# Time

Area

Height

Width

Area% Symmektry

1 31.607

47765.8

313.8

20586

74.7683 0.311

2 40,937

16102.6

0.7

2.9585

25.212 0.391

WD AL iravelength=254 nm (L-C'L-B243.00

[+]

[+]

i Time

Area

Height

Width

Areao

Symmetry

—

29,475

15182.1

110.7

1.8463

48,548

0.447

2 37541

16090.1

929

2.8879

ol.452

0.428
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WD A, Wavelength=254 nm (L-CvL-B342.0)
mell
140 =
120 —E
100 —E
0=
g0-=
a0 =
20-= L
o’
T T T T
10 20 30 40 i
[ [+]
[ Time Area Height Width Area% Symmetry
1 28.736 21961.8 158.2 1.9227 47.251 0.434
2 36.77 24517 137 2.9532 52.749 0.437

I VD1 A, Wavelength=254 nm (L-HP-P-4.D)

250 —
200
150 - R W W
3 N
100 - o *\\N‘ 0.
= L6a
50 -
- 6a, 71% yield, +31% ee
0 —:—F‘L——n—f— L
T T —t]
10 20 30 40 &0 min
[ [+]
# Time Area Height Width Area% Symmetry
1 32.018 43843.5 264 2.7683 65.661 0.389
2 40,778 22928.8 128.8 2,9664 34,339 0,389
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Org. Chem., 2023, 88, 3046-3053; (C) Y. H. Wang, P. Hu, X. R. Wang, K. L. Xu, Q. L. Wang, H. J.
Wang and X. L. Liu, Org. Chem. Front., 2024, DOI: 10.1039/D3Q001748F.
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11. X-ray crystal data for compounds 3i

CCDC 2297366

Table S1 Crystal data and structure refinement for 3i

Identification code 3i

Empirical formula C3gH1gNgO4
Formula weight 644.76
Temperature/K 99.97(13)

Crystal system orthorhombic

Space group P21212;

alA, bIA, clA 9.32674(13), 13.9964(2), 25.3147(3)
a/°, B/°, v/°, 90, 90, 90
Volume/A® 3304.59(8)

Z 4

Peaicg/cm® 1.296

wmm™ 0.690

F(000) 1368.0

Radiation CuKa (A =1.54184)

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

0.15 x0.13 x0.12
6.984 to 148.426
8<h<l11,-17<k<13,-31<1<30
16596

6509 [Rin = 0.0389, Ryjgrma = 0.0407]
6509/3/446

1.026

R: = 0.0446, WR, = 0.1248

R: = 0.0463, WR, = 0.1264
0.39/-0.36

0.01(13)/0.01(10)

Crystal Data for CgzgH4oNeO4 (M =644.76 g/mol): orthorhombic, space group P2;2,2; (no.
19),a= 9.32674(13) A, b= 13.9964(2) A, c = 25.3147(3) A, V= 3304598) A% z= 4,T=
99.97(13) K, u(Cu Ko)) = 0.690 mm™, Dcalc = 1.296 g/cm?, 16596 reflections measured (6.984° <
20 < 148.426°), 6509 unique (Rin: = 0.0389, Rgigma = 0.0407) which were used in all calculations.
The final Ry was 0.0446 (1> 26(I)) and WR, was 0.1264 (all data).
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12. The copies of 'H NMR, **C NMR and HPLC spectra for compounds 3, L and 6

'H and *C NMR of 3a
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'H and *C NMR of 3i
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'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 L1j
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'H and *C NMR of L1k
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'H and C NMR of L1l
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'H and C NMR of L2a
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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

WD A, Wiavelength=254 nm (L-CYL-B-128-A-05-5.07

mdd ] =
50-
40—
30—2
20-
1D—§
o _E_HJ\M__H_
T T
10 20
[+ v
L] Time Area Height Width Area%s Symmetry
1 33.216 9787.6 61.2 Z2.66AY 50,483 0.408
2 42,26 6004 46,4 3.4449 49,517 0,318
WD A, W avelength=254 nm (L-CYL-B-127-A-95-5.0)
il = o
120 -
100 =
a0 -
B —
a0 = -
E 0
20 o
E b
o _'_rl»L—\_,-r-\_r-\_,- [— e
: T T T T T T
10 20 30 40 il min
[+ [+]
o Time Area Height Width Area% Symmetry
1 33,625 232816 136.7 2.3493 99,203 0,387
2 42,851 187.1 1.8 1.23% 0,797 0.451
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'H and C NMR of 6b
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HPLC of 6b

WD AL W avelength=254 nm (L-CWL-B-15.D)

] [n] r,
8
= 4 ﬁ"
E| ™ -
E a
25
0= — "
T T T T T
5 10 15 20 25
[+
& Time Area Height Width Area®e Symmetry
1 16,132 21926.7 190,58 1.5435 50,210 0,332
2 23,062 217431 141.4 2.5637 49,790 0,309
VI A, Wavelength=254 nm (L-C7L-B-141.0)
|| o
600 =
500
400 =
300 =
200 = o
E Z
100 = o
= (]
0= : ==
T T T T T
5 10 15 20 25
[+
E] Time Area Height Width Area%s Symmetry
1 15,7256 51859.6 668, 7 1.0687 96,737 0,386
2 Z2.01 1749 227 1,1044 3.263 0,538
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'H and *C NMR of 6¢
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HPLC of 6¢

WD A, Wavelength=254 nm (L-Cv'L-B-162.0)

madl - ja] o
120 = =
100 -
20 -
B0 —
40~
20—
oL WM
B T = u I~ T T T T L= T
10 16 20 25 a0 25 a0 min
[+] [+]
E] Time Area Height Width Area% Symmetry
1 25.482 6130.3 125.4 0.7202 49,063 0,503
2 29,183 6364.5 109.8 10,8924 o0,937 0,455
WD A, Wavelength=254 nm (L-CYL-B-156-0-97-3.00
Ml - °
800
500 -
400~
200 - i
] o
: o]
0 .
M T T [ [ T
15 20 25 20 36 40 min
[« [¥]
# Time Area Height Width Area% Symmetry
1 20,863 S0834.4 894,53 0.8312 95,058 0.433
2 24,621 2644 49 0,7983 4,944 0,938
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'H and *C NMR of 6d
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HPLC of 6d

VWD A, Wavelength=254 nm (L-CYL-B-42-2.0)

E

]

25.180

Time

Area

Height

Width

Area% Symmetry

—_

19,539

163253

406.3

0.6351

49,492

0.644

25,15

17170.7

3205

0.5251

20,505

0.65

WD A, W avelength=254 nm (L-C'L-B-132-C-90-10.0)

:

th o
[
[ R
[YRTH [RTH] RRTEY AVET]

254931

Time

Area

Height

Width

Area®s Symmetry

20,153

29519.1

7.8

n.allz 29,771

0,726

Z5.451

6.5

1.3

0.5415 0,229

0.647
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'H and *C NMR of 6e
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HPLC of 6e

VD A, Wavelangth=254 nm (L-CvL-B-161.0)

maLl = 2] =]
E o
120 - T
100 -
20—
60—
40 -
20
0- +
T T T
10 20 20 min
[o] [+]
# Time Area Height Width Area%e Symmekry
1 28,323 9313.7 138.5 1.0186 50,654 0.489
2 34,43 073l 115.7 1.1732 49,346 0.627
WD A, Wavelength=264 nm (L-CvL-B-16.0)
mdLl = [}
500
an0 -
300-
ZDD—E
- o
2 k-
100 =
= m
I m
0= o
I I T r ’
10 20 30 min
[+ [+]
& Time Area Height Width Area%  Symmetry
1 27,058 43406.6 A01.7 1.1146 95,659 0,355
2 33,778 572.2 8.8 0,93587 1,301 0,717
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'H and C NMR of 6f

OEt

7 “zT

e [0l

201

91Tl—

Ipee—
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ozl
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HPLC of 6f

WD AL Wavelength=254 nm (L-CYL-B-184-2-2 1)

madl - o o
E g g
200 g &
250
200
150 =
100
50-=
o b !
10 20 30 a0 50 =
[T [+]
& Time Area Height Width Area% Symmetry
1 35.845 30706.5 369.4 1.3853 50,216 0.449
2 45,095 304423 265.9 1,9053 49,754 0.582
WD A, Wawelength=254 nm (L-C'L-B-184-1.00
mN_I_; i
£00-=
400
200
200
= )
100 = &
: ]
1 S : — —
T T T T T
10 20 30 40 a0 min
[4] [+]
] Time firea Height Width Area% Symmetry
1 30,331 424604 565.7 1.129 99,151 0,445
2 38,882 3507 4.7 0.9753 0.a19 0,811
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'H and *C NMR of 6g

mhf—./
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HPLC of 6g

WD AW avelength=254 nm (L-CY'L-B-173.00

140

25521
7
%

min

Time Area Height Width Area® Symmetry

16,359 11935.3 150.7 1.07358 50,192 0.5365

25.521 11844.1 108 1.8253 49,808 0.47

WD A, Wavelength=254 nm (L-Cv'L-B-166.0

(o]
8 %
(=)

300
250
200
150
100

&0

25172

—
35 min

Time Area Height Width Area% Symmetry

16,039 3368532 399.7 1.1722 97.641 0.371

25,172 7471 7.3 1.4004 2,159 0,439
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'H and ¥C NMR of 6h
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HPLC of 6h

WD A, Wavelenath=254 nm (L-CvL-B-17-4.00

T
50 min

Time

Area

Height

Width

Area% Symmekry

15,594

424117

6.5

0.5193

50,382

0412

22,618

41801.3

732.4

0.9513

49,635

0,439

WD A, Wavelength=2584 nm (L-CvL-B-1682.1)

4000

200

GO0

400

200

18776

11t

Time

Area

Height

Width

Area% Symmekry

—

15,505

45373.2

1077.5

0.63581

99,343

0.442

18,776

300

7

0.659

0.657

0,94
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'H and *C NMR of 6i
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HPLC of 6i

WD A, Wavelength=254 nm (L-CYL-B-20-Da7-2.0)

mall - o
200 -
150—3
100—5
50—5
02 — . .
5 10 15 20 25 min
[ | 2
& Time Area Height Width Area% Symmelry
1 14,515 6515.5 233.9 0.4369 50,171 0.565
z 16.491 67693 216 0,4776 49,529 0,654
WD A, Wavelength=254 nm (L-CvL-B-136.0)
mél S
1000
800
BO0 -
400 -
P
200 — @
] o
0- ey
- T T l l T T T L
5 10 15 20 25 min
[4] [+]
[ Time Area Height Width Area% Symmetry
1 13.497 o04.7 33.6 0.4086 2.312 0,738
2 15.404 382245 1118.2 0.5258 97,658 0,59
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'H and *C NMR of 6j
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HPLC of 6j

WL A, Wavelength=254 nm (L-CYL-B-159.0)

aE
250 o
E p
200—; a
150—2
100=
50—;
. A
T T T T T -
5 10 15 20 25 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 15.546 9328 2834 0.491 50,741 0,412
2 18.722 90556 171.8 0.742 49,759 0.226
WG A, Wiavelength=2549 nm (L-CvL-B-148.00
mAll - )
100 =
80—
B0 -
] -
40 - r‘,_" "ég}
20- ' g
o=
L L L L L T T '
10 15 20 25 30 min
Kl ]
# Time Area Height Width Area% Symmetry
1 16,171 3E5.5 11.9 0.4995 4,599 0,675
2 19,424 7341 1256 08331 95,401 0.23
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'H and C NMR of 6k
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HPLC of 6k

VD A, Wavelength=254 nm (L-CvL-B-144.0)

il - R
300 =
260 -
200 =
150
100=
so—i
. N .
5 10 15 20 25 min
(o] [+]
# Time Area Height Width Area®e Symmetry
1 15,415 10321.9 326.3 01,4851 50,046 0.621
z 17.117 103027 2646 0,58 49,954 0,932
WD A, Wavelength=254 nm (L CL-B-133.00
il & rb}-l‘
360 -
; &
300 = o
250
200
150 ;
100 ?E @@f‘k}“
50 s
0= A AN
] T i ——L T T = T i
43 10 15 20 25 30 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 15,149 T41.2 277 0.4467 4,551 0.804
2 17,608 195467 3827 06718 95,449 1.076
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'H and *C NMR of 6l
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HPLC of 6l

VD A, Wavelength=254 nm (L-CyL-B-160.0)

maLl |
150—5
100—5
50—5
L
r r I T T I .
10 20 20 40 rin
[+ [+]
# Time Area Height Width Area% Symmetry
1 31.474 13552.9 2092 1.0821 50.807 0,347
2 36,14 13151.4 175.3 1.2504 43,193 0,346
WD A, Wiavelength=254 nm (L-CY'L-B-160.0)
I'I'I.N.l_- P
250—;
200—;
150—;
100—3 ™
z 3
&0 - D
E 5]
1] : "'Jl . —
' ' | I I
10 20 a0 40 min
L] [+]
# Time Area Height Width Area% Symmetry
1 31157 20126 00,3 0.9 96,575 0,316
z 36,822 6492 8.9 1.0714 3125 01,599
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'H and C NMR of 6m
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HPLC of 6m

Wk A, Wavelength=254 nm (L-CY'L-B-T5-D.0)

mALl C =
- W
100 = b
] ix]
20— o
00—
40—
20
I} E _ﬂ-._.-h._ﬁnk._. Fa N M-\—._,—.'_
O w s o 25 30 min
[+] [*]
& Time Area Height Width Area% Symmekry
1 15,308 39549 1757 0,481 50,452 0,577
2 22,693 3879.4 77.5 0,7492 49,518 0,524
WD A, Wavelength=254 nm (L-CL-B-153.00
madl -
2000 = i
2800 =
2000
1500 =
1000 = i
500 < a
0= Lo
T [ f [ T T
10 18 20 24 30 min
[4] ]
# Time Area Height Width Area% Symmetry
1 13,745 1326603 7529 0.4724 a7.2e0 0462
2 19,696 KRETR: 00,3 0.644a 2,740 0.524
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'H and ¥C NMR of 6n
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HPLC of 6n

WD A, Wavelength=254 nm (L-C'L-B-09-2.0)

w

17.887

# Time

Area Height

Width

Area%e Symmekry

—

10,126

11195.3 415.5

0.4131

49,733 0.695

2 17,887

11315.5 133.8

0.8172

S0.267 0.273

YWD A, iavelength=254 nm (L-CvL-B-155.0)

mall -
1200 =
1000
800~
500 -
a0~
200~

]

16.281

# Time

Area Height

Width

Area% Symmetry

—_

9,402

31420.4 1337.6

0.3611

95,730 0,519

2 16,261

404.2 10.9

0.5815

1.270 0.657
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'H and *C NMR of 60
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HPLC of 60

WD A W avelength=254 nm (L-CvL-B-170-F-97-2.I0

[in}

& Time

Area

Height

Width

Area% Symmetry

—_

37.005

15435

120.3

1.733

49,955

0.372

Z 52,795

15462.9

119.2

21625

50.045

0,363

WD A, Wavelength=254 nm (L-CYL-B-175.0)

52677

# Time

Area

Height

Width

Area% Symmetry

—

36,321

723584

545.5

1.9295

98,271

0,327

g 53.677

1320.2

12.1

1.5435

1.729

0.605
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'H and *C NMR of 6p
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HPLC of 6p

WD A, Wavelength=254 nm (L-Cv'L-B-92-2.0)

maLl - [Mv]
800 -
M
B0 g 'e',?f}
o
400 — n
200
0- ' : .
T T T T T i
5 10 15 20 25 min
[4] [*]
# Time Area Height Width Area%s Symmetry
1 10,295 23461.3 586.6 0.4057 49,588 0.637
2 16,491 23851 405.5 0,973 S0.412 0.244
VDA A, Wavelength=284 nm (L-CY'L-B-154.00
maLl = =3
3000 -
2500 =
2000 ;
1500
1000 = o
: 8
500 E 0
o= —_
: T T T T i
5 10 14 20 min
[«] [+]
# Time Area Height Width Area% Symmetry
1 9,637 855956.5 3555.1 0,3731 93,818 0,605
2 15,285 10279 29 0.5472 1.182 0.63

S68




'H and *C NMR of 6q
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HPLC of 6q

WD A, Wavelength=254 nm (L-CvL-B-84-C.0)

mil - e @
3005 @
250
200
180
100
50—
e - AN . .
T T A T T T L T T
4 10 156 20 25 30 min
[« ]
# Time Area Height Width Area% Symmekry
1 19.415 142792 332.2 0.6555 49,932 0.557
2 23633 14315.4 251.2 0,775 50.065 0.64
WD A, Wawelength=254 nm (L-CvL-B-139.00
mal -
800 -
G00 -
400 o
1 ]
200~ &
] o
o : P, — : L
T T T T T T
10 20 30 40 &0 G0 min
[+ [
& Time Area Height Width Area%  Symmetry
1 18,18 1439.4 35,9 0.5772 2930 0,51
2 21,54 47688 1009.1 07163 07,070 0.615
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'H and *C NMR of 6r
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HPLC of 6r

WD AL W avelenath=254 nm (L-CYL-B-172.0

# Time Area Height Width Area% Symmetry
1 60,113 12367.2 719 2,868 50,769 0.716
4 71.547 11992 .4 535 37154 49,231 0.43

WD A, W avelength=254 nm (L-Cv'L-B-165.00

mAl -
20 3
50—
a0 .
i o r?’fk
20 3 g e
] m ?@ﬁ"
o _-_lli“'L\_r\_nn .|"I\.. . 1
i f f ’ T T T ’ T
20 40 a1 20 min
[4] [+]
# Time Area Height Width Area% Symmetry
1 55,961 16561.4 5.2 3.1854 97,458 0,565
2 73,923 439.8 2.7 26909 2.542 0.853
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'H and C NMR of 6s
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HPLC of 6s

WD A, Wavelength=254 nm (L-Cv'L-B-280.00

mall~ 2
g =
1000 =
00—
00 —
400 -
200~
D : e
: I I T I T =
10 15 20 25 30 min
[« [+]
# Time Area Height Width Area% Symmetry
1 14,108 33980.9 1159.3 0,453 49,342 0,793
2 15.009 34886.6 1035.4 0.5131 B0.658 0.667
WD A, W avelength=254 nm (L-CYL-B-340.00
médl
2500—5
E o
2000 = o
E o
1500 = -
1000 =
500—;
0= ~ :
[ [ I I I r
4 10 15 20 25 min
[+ O
# Time Area Height Width Area% Symmekry
1 15,238 41252.6 1397 0.4645 24,124 0.732
z 16,072 1258749.1 3227 0.6141 79,676 0,35
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