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1. General information

Reactions were monitored by thin layer chromatography using UV light to visualize the course
of reaction. Purification of reaction products was carried out by flash chromatography. 'H and
I3CNMR spectra were obtained using a Bruker DPX-400 spectrometer. 'H NMR chemical shifts
are reported in ppm (0) relative to tetramethylsilane (TMS) with the solvent resonance employed
as the internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet, t = triplet, m = multiplet), coupling constants (Hz) and integration. '*C NMR chemical
shifts are reported in ppm (J) from tetramethylsilane (TMS) with the solvent resonance as the
internal standard. Melting points were measured on an electrothermal digital melting point

apparatus.

2. General procedure for preparation of chiral Nar-2NO ligands L1
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General procedure A-In a sealed tube equipped with a magnetic stirring bar, naphthyridine-
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 (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 Nar-2NO ligand L1.

3. Characterization data of ligands L
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L1a: White solid, M.p. 247.1-247.9 °C, [a]p*® = +55.7 (¢ 0.52, CHCly); overall yield 51%,
>20:1 dr; '"H NMR (CD;0D, 400 MHz) ¢: 2.20-2.27 (m, 2H), 2.44-2.58 (m, 6H), 3.92-3.96 (m,
2H), 4.13-4.20 (m, 2H), 4.80-4.82 (m, 2H), 7.02 (s, 2H), 7.14-7.18 (m, 2H), 7.26-7.30 (m, 4H),
7.47-7.50 (m, 4H), 7.95 (d, J = 8.4 Hz, 2H), 8.54 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0D, 100
MHz) ¢: 22.3, 24.1, 70.8, 76.8, 87.3, 122.4, 124.1, 125.6, 126.6, 129.0, 135.6, 138.5, 154.4, 156.0,

168.8; HRMS (ESI-TOF) m/z: Calcd. for C3,H;30NgNaO4 [M+Na]*: 585.2221; Found: 585.2228.
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L1b: White solid, M.p. 248.2-249.0 °C, [a]p*°= -33.3 (c 0.49, CHCI3); overall yield 45%, >20:1
dr; '"H NMR (CD;0D, 400 MHz) §: 2.57-2.63 (m, 2H), 2.83-2.90 (m, 2H), 3.95 (d, J = 12.4 Hz,
2H), 4.41-4.45 (m, 2H), 4.66 (s, 2H), 5.02-5.05 (m, 2H), 7.02 (s, 2H), 7.14-7.17 (m, 2H), 7.26-
7.30 (m, 4H), 7.46-7.48 (m, 4H), 7.94 (d, J = 8.4 Hz, 2H), 8.52 (d, J = 8.4 Hz, 2H); '3C NMR
(CD;0D, 100 MHz) ¢: 35.1, 69.8, 76.5, 76.8, 87.9, 122.6, 124.2, 125.7, 126.7, 129.0, 135.4, 138.5,
154.3, 155.6, 168.0; HRMS (ESI-TOF) m/z: Calcd. for C5,H30NgNaOg [M+Na]*: 617.2119; Found:

617.2118.

L1c: White solid, M.p. 231.3-232.2 °C, [a]p?* = +164.7 (¢ 0.50, CHCl;); overall yield 46%,
19:1 dr; '"H NMR (CD;OD, 400 MHz) J: 1.08-1.12 (m, 6H), 2.22-2.27 (m, 2H), 2.45-2.59 (m,
10H), 3.93-3.97 (m, 2H), 4.13-4.20 (m, 2H), 4.80-4.83 (m, 2H), 6.99 (s, 2H), 7.11 (d, J = 8.8 Hz,
4H), 7.39 (d, J = 8.4 Hz, 4H), 7.94 (d, J = 8.4 Hz, 2H), 8.53 (d, J = 8.0 Hz, 2H); 3C NMR
(CD;0D, 100 MHz) ¢: 14.6, 22.3, 24.1, 27.9, 70.8, 76.9, 87.6, 122.7, 124.1, 125.6, 128.3, 133.1,
138.4, 143.2, 154.4, 156.0, 168.7, HRMS (ESI-TOF) m/z: Calcd. for C3sH33N¢NaO4 [M+Na]*:

641.2834; Found: 641.2826.
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L1d: White solid, M.p. 246.7-247.1 °C, [a]p?® = -309.7 (c 0.58, CHCIs); overall yield 41%,
>20:1 dr; '"H NMR (CD;0D, 400 MHz) ¢: 2.30-2.34 (m, 2H), 2.46-2.64 (m, 6H), 4.01-4.05 (m,
2H), 4.25-4.34 (m, 2H), 4.82-4.84 (m, 2H), 6.85 (s, 2H), 7.06-7.10 (m, 2H), 7.22-7.27 (m, 2H),
7.32-7.40 (m, 4H), 7.90 (d, J = 8.4 Hz, 2H), 8.52 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0D, 100
MHz) o: 22.4, 24.1, 71.1, 76.2, 87.7, 116.3 (d, Jcr = 19.4 Hz), 121.9 (d, Jcr = 12.1 Hz), 124.2,
124.8 (d, Jop = 3.3 Hz), 125.8, 129.5, 130.5(d, Jor = 8.2 Hz), 138.3, 154.2, 155.7, 157.8 (d, Jcr =
248.4 Hz), 169.4; HRMS (ESI-TOF) m/z: Calcd. for Cs,H 5F,NgNaO4 [M+Na]*: 621.2032; Found:

621.2037.

L1le: White solid, M.p. 247.3-248.3 °C, [a]p* = +21.0 (¢ 0.47, CHCl,); overall yield 51%, 18:1
dr; 'TH NMR (CDs;0D, 400 MHz) §: 2.22-2.27 (m, 2H), 2.46-2.58 (m, 6H), 3.93-3.97 (m, 2H),
4.14-4.21 (m, 2H), 4.75-4.78 (m, 2H), 7.05 (s, 2H), 7.41-7.47 (m, 8H), 7.97 (d, J = 8.0 Hz, 2H),
8.56 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0D, 100 MHz) J: 26.2, 28.1, 74.8, 80.6, 90.9, 123 .4,
127.9, 128.1, 129.7, 135.9, 138.7, 142.5, 158.3, 159.6, 172.6; HRMS (ESI-TOF) m/z: Calcd. for

C3,H,3BroNgNaO4 [M+Na]*: 741.0417; Found: 741.0405.

L1f: White solid, M.p. 260.4-260.9 °C, [a]p?’ = +10.3 (¢ 0.50, CHCly); overall yield 52%, 17:1
dr; 'TH NMR (CDs;0D, 400 MHz) §: 2.23-2.28 (m, 2H), 2.45-2.59 (m, 6H), 3.93-3.97 (m, 2H),
4.14-4.21 (m, 2H), 4.75-4.78 (m, 2H), 7.05 (s, 2H), 7.27-7.30 (m, 4H), 7.49-7.53 (m, 4H), 7.97 (d,
J= 8.4 Hz, 2H), 8.57 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0OD, 100 MHz) J: 22.3, 24.1, 70.8, 76.7,
87.0, 123.8, 124.2, 125.7, 128.9, 131.8, 134.3, 138.6, 154.4, 155.7, 168.7; HRMS (ESI-TOF) m/z:

Calcd. for C5,H,5CI,NgNaO4 [M+Na]*: 653.1434; Found: 653.1428.
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L1g: White solid, M.p. 241.6-242.3 °C, [a]p?*=-150.9 (c 0.45, CHCl;); overall yield 45%, 17:1
dr; 'TH NMR (CDs;0D, 400 MHz) §: 1.07-1.10 (m, 6H), 2.47-2.53 (m, 4H), 2.57-2.63 (m, 2H),
2.83-2.89 (m, 2H), 3.96 (d, J = 12.4 Hz, 2H), 4.41-4.45 (m, 2H), 4.66 (s, 2H), 5.03-5.06 (m, 2H),
6.99 (s, 2H), 7.10 (d, J = 8.8 Hz, 4H), 7.37 (d, /= 8.4 Hz, 4H), 7.93 (d, J = 8.4 Hz, 2H), 8.50 (d, J
= 8.4 Hz, 2H); 3C NMR (CD;OD, 100 MHz) J: 14.6, 27.9, 35.1, 69.9, 76.4, 76.8, 88.1, 122.8,
124.2, 125.7, 128.3, 132.9, 138.5, 143.3, 154.3, 155.6, 168.0; HRMS (ESI-TOF) m/z: Calcd. for

C36H3sNgNaOg [M+Na]*™: 673.2745; Found: 673.2745.

Ehete

L1h: White solid, M.p. 223.2-224.0 °C, [o]p2 = -110.9 (¢ 0.47, CHCL;); overall yield 41%, 15:1
dr; '"H NMR (CD;0D, 400 MHz) 6: 2.30-2.36 (m, 4H), 2.51 (s, 6H), 2.56-2.62 (m, 4H), 3.99-4.04
(m, 2H), 4.28-4.35 (m, 2H), 4.82-4.86 (m, 2H), 6.92 (s, 2H), 7.08-7.12 (m, 2H), 7.17-7.26 (m, 6H),
7.84 (d, J = 8.4 Hz, 2H), 8.46 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0OD, 100 MHz) 5: 17.8, 22.5,
23.8,70.9, 76.7, 88.7, 124.2, 125.8, 126.5, 126.8, 128.7, 131.4, 133.0, 136.6, 138.1, 153.9, 155.7,

168.6; HRMS (ESI-TOF) m/z: Calcd. for C34H34NgNaO4 [M+Na]*: 613.2517; Found: 613.2509.

St
SR

L1i: White solid, M.p. 236.0-237.1 °C, [a]p?® = +273.7 (c 0.50, CHCLy); overall yield 40%,
>20:1 dr; "H NMR (CD;0D, 400 MHz) ¢: 2.33 (s, 6H), 2.36-2.42 (m, 2H), 2.48 (s, 6H), 2.52-2.59
(m, 4H), 2.63-2.70 (m, 2H), 3.91-3.96 (m, 2H), 4.30-4.37 (m, 2H), 4.96-5.00 (m, 2H), 6.80 (s, 2H),
6.94-6.97 (m, 2H), 7.04-7.10 (m, 4H), 7.88 (d, J = 8.4 Hz, 2H), 8.36 (d, J= 8.4 Hz, 2H); '3C NMR
(CDs0D, 100 MHz) J: 18.4, 18.7, 22.8, 24.0, 70.6, 77.2, 88.2, 123.9, 125.7, 128.8, 129.0, 129.5,
131.0, 135.4, 137.6, 138.0, 153.0, 155.0, 168.1; HRMS (ESI-TOF) m/z: Caled. for C5sH3sNgNaOy

[M+Na]*: 641.2845; Found: 641.2836.

HaC CHg

P

N.‘//

O’%Q o-NfO

S5



L1j: White solid, M.p. 239.0-239.9 °C, [a]p?° = +71.5 (¢ 0.58, CHCl;); overall yield 51%, 18:1
dr; 'TH NMR (CD;0D, 400 MHz) d: 2.21 (s, 6H), 2.24-2.28 (m, 2H), 2.45-2.58 (m, 6H), 3.92-3.96
(m, 2H), 4.13-4.20 (m, 2H), 4.79-4.82 (m, 2H), 6.97 (s, 2H), 7.08 (d, J = 8.4 Hz, 4H), 7.35 (d, J =
8.8 Hz, 4H), 7.93 (d, J = 8.4 Hz, 2H), 8.53 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0D, 100 MHz) J:
19.6, 22.3, 24.1, 70.8, 76.9, 87.6, 122.6, 124.0, 125.6, 129.4, 132.9, 136.8, 138.4, 154.4, 156.0,

168.7; HRMS (ESI-TOF) m/z: Calcd. for C34H34NgNaO4 [M+Na]*: 613.2534; Found: 613.2529.
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L1k: White solid, M.p. 245.7-246.6 °C, [a]p*° = +31.4 (c 0.51, CHCI;); overall yield 48%, 17:1
dr; 'TH NMR (CDs;0D, 400 MHz) §: 2.26-2.29 (m, 2H), 2.46-2.60 (m, 6H), 3.95-3.99 (m, 2H),
4.18-4.25 (m, 2H), 4.78-4.81 (m, 2H), 7.01-7.07 (m, 6H), 7.50-7.53 (m, 4H), 7.95 (d, J = 8.4 Hz,
2H), 8.55 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0D, 100 MHz) §: 22.3, 24.1, 70.8, 76.7, 87.6, 115.6
(d, Jer=23.1 Hz), 124.2, 125.3 (d, Jor = 8.3 Hz), 125.8, 131.5, 138.5, 154.4, 155.8, 160.8 (d, Jcr
= 241.1 Hz), 168.9; HRMS (ESI-TOF) m/z: Calcd. for C;,HysFoNgNaO, [M+Na]*: 621.2032;

Found: 621.2036.
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L11: White solid, M.p. 232.9-233.2 °C; overall yield 44%, 12:1 dr; 'H NMR (CD;0D, 400 MHz)
0: 2.56-2.62 (m, 2H), 2.83-2.89 (m, 2H), 3.96 (d, J = 12.4 Hz, 2H), 4.41-4.45 (m, 2H), 4.65 (s,
2H), 4.95-4.98 (m, 2H), 7.09 (s, 2H), 7.14-7.18 (m, 2H), 7.28-7.30 (m, 2H), 7.36-7.39 (m, 2H),
7.87-7.88 (m, 2H), 7.98 (d, J = 8.4 Hz, 2H), 8.55 (d, J = 8.0 Hz, 2H); '3*C NMR (CD;0D, 100
MHz) 0: 35.2, 69.9, 76.4, 76.6, 87.3, 120.7, 122.1, 124.3, 125.5, 125.9, 129.4, 130.4, 136.8, 138.6,
154.2, 155.1, 168.1; HRMS (ESI-TOF) m/z: Calcd. for Cs;,HpsBr,NgNaOg [M+Na]*: 773.0308;

Found: 773.0299.
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L1m: White solid; overall yield 41%, >20:1 dr; 'H NMR (CD;0D, 400 MHz) §: 2.36-2.38 (m,
2H), 2.59-2.61 (m, 6H), 4.04-4.07 (m, 2H), 4.43-4.45 (m, 2H), 7.12 (s, 2H), 7.44-7.51 (m, 4H),
7.62-7.67 (m, 4H), 7.76-7.85 (m, 8H), 8.28 (d, J = 7.6 Hz, 2H); *C NMR (CD;OD, 100 MHz) J:
22.5,23.6, 70.6, 77.0, 89.3, 124.2, 125.1, 125.7, 126.3, 128.1, 129.2, 129.4, 134.7, 137.7, 153.7,
155.3, 169.0; HRMS (ESI-TOF) m/z: Calcd. for C4H34NgNaO, [M+Na]™: 685.2534; Found:

685.2531.

Ph (Yﬁ\( Ph
o= NN N

L2a: White solid; overall yield 31%, 12:1 dr; "H NMR (CD;0D, 400 MHz) J: 1.85-1.93 (m,
2H), 2.14-2.21 (m, 3H), 2.47-2.54 (m, 3H), 3.11-3.17 (m, 1H), 3.34-3.38 (m, 1H), 3.92-3.97 (m,
1H), 4.16-4.20 (m, 1H), 4.28-4.31 (m, 1H), 4.81-4.84 (m, 1H), 6.12 (s, 1H), 6.99 (s, 1H), 7.04-
7.08 (m, 1H), 7.13-7.16 (m, 1H), 7.20-7.28 (m, 4H), 7.46-7.49 (m, 4H), 7.73 (d, J = 8.4 Hz, 1H),
7.88 (d, J = 8.4 Hz, 1H), 8.44 (d, J = 8.4 Hz, 2H); 3C NMR (CD;0D, 100 MHz) J: 22.3, 24.1,
24.4,28.0, 56.1, 65.1, 70.8, 76.9, 85.0, 87.6, 120.9, 122.5, 122.7, 123.2, 125.7, 126.6, 128.7, 128.9,
135.5, 136.4, 138.3, 139.5, 154.2, 155.4, 163.3, 168.7, 175.0; HRMS (ESI-TOF) m/z: Calcd. for

C3,H30NgNaO; [M+Na]*: 569.2270; Found: 569.2265.

9 oy

OH
L3a: White solid, M.p. 203.4-204.7 °C; overall yield 47%, 13:1 dr; 'H NMR (CD;0D, 400
MHz) d: 2.62-2.69 (m, 1H), 2.87-2.93 (m, 1H), 3.99 (d, J = 8.4 Hz, 1H), 4.48-4.53 (m, 1H), 4.69-
4.72 (m, 1H), 5.08-5.11 (m, 1H), 7.07 (s, 1H), 7.13-7.17 (m, 1H), 7.26-7.30 (m, 2H), 7.50-7.53 (m,
2H), 7.64-7.67 (m, 1H), 7.91 (d, J = 8.0 Hz, 1H), 8.44-8.49 (m, 2H), 9.06-9.08 (m, 1H); *C NMR
(CD;0D, 100 MHz) ¢: 35.1, 69.9, 76.4, 76.8, 88.0, 123.0, 123.3, 123.7, 125.1, 126.8, 128.9, 135.3,
138.3, 138.5, 154.0, 154.4, 154.7, 168.1; HRMS (ESI-TOF) m/z: Calcd. for CyoH;sN4NaO;

[M+Na]*: 385.1271; Found: 385.1267.



L4a: White solid, M.p. 215.5-216.9 °C; overall yield 51%, 12:1 dr; 'H NMR (CD;0D, 400
MHz) ¢: 2.25-2.32 (m, 1H), 2.48-2.62 (m, 3H), 3.96-4.01 (m, 1H), 4.20-4.27 (m, 1H), 4.85-4.88
(m, 1H), 7.06 (s, 1H), 7.13-7.17 (m, 1H), 7.26-7.30 (m, 2H), 7.53-7.55 (m, 2H), 7.63-7.66 (m, 1H),
7.93 (d, J = 8.4 Hz, 1H), 8.44-8.47 (m, 1H), 8.49 (d, J= 8.0 Hz, 1H), 9.05-9.07 (m, 1H); 3C NMR
(CD;0D, 100 MHz) ¢: 22.3, 24.1, 70.8, 76.9, 87.5, 122.9, 123.3, 123.7, 125.1, 126.7, 128.9, 135.5,
138.3, 138.5, 153.9, 154.5, 155.1, 168.7; HRMS (ESI-TOF) m/z: Calcd. for C,yH;sN4NaO,

[M+Na]*: 369.1322; Found: 369.1316.

Ph @( Ph
L7a: White solid; overall yield 47%, 18:1 dr; '"H NMR (CD;0D, 400 MHz) ¢: 2.22-2.25 (m,
2H), 2.39-2.53 (m, 6H), 3.83-3.86 (m, 2H), 3.96-4.05 (m, 2H), 4.26-4.29 (m, 2H), 6.76 (s, 2H),
7.18-7.22 (m, 2H), 7.29-7.33 (m, 4H), 7.48-7.51 (m, 5H), 7.63-7.70 (m, 3H); 3C NMR (CD;0D,
100 MHz) ¢: 22.3, 24.0, 70.4, 76.1, 87.8, 122.6, 126.6, 128.8, 129.1, 131.0, 135.5, 167.8; HRMS
(ESI-TOF) m/z: Calcd. for C30H30N4NaO4 [M+Na]*: 533.2159; Found: 533.2152.

4. The gram scale synthesis of the Nar-2NO ligand L1a

O

N
H HN
1a (25) XX
Ph Ph
1.37 g, 7.2 mmol ol ¢ Pho Y Ph
379,7. EOH | My N__,| 22eqm-CPBA N, 2, AN
B R L O [_y=o| ZZamPE o MWW
reflux, 12 h _ N 1O O=N—~
m 3a DCM, tt, 30 min - O
L1a
Ox NN -0 intermediate
2 0.76 g, overall yield 45%,
>20:1 dr
0.56 g, 3.0 mmol

In a sealed tube equipped with a magnetic stirring bar, naphthyridine-dicarbaldehyde 2 (0.56 g,
3.0 mmol) and optically pure prolinamide 1a (1.37 g, 7.2 mmol) were added. Then, 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.

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 rt for 30 min. After completion
of the reaction, as indicated by TLC, the aftertreatment residue was purified by flash column

chromatography to furnish the Nar-2NO ligand L1a (0.76 g, overall yield 45%, >20:1 dr).
S8



5. Catalytic asymmetric synthesis of compounds 6

X
= N .
N Ni(OTf), (6.5 mol%)
4 L1a (3.0 mol%)
+

Qe ®
" S

5 : 1a

DCM, rt. 48 h

79
a,\/
Iz

A X NO2

In a sealed tube equipped with a magnetic stirring bar, to the mixture of Ni(OTf), (6.5 mol %),
L1a (3.0 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 48 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.

6. Characterization data of compounds 6

QO

" No,
A

N
H

6a: Product in accordance with literature characterization data’. Light yellow oil, [a]p?° = +20.3
(c 0.8, CHCls), 90% yield, 93% 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; T4 0, = 8.38 min; Tpiner =
10.39 min); '"H NMR (CDCl;, 400 MHz) ¢: 4.82-4.87 (m, 1H), 4.94-4.99 (m, 1H), 5.08-5.12 (m,
1H), 6.91 (d, /J=2.4 Hz, 1H), 6.97-7.01 (m, 1H), 7.09-7.26 (m, 7H), 7.36 (d, /= 8.0 Hz, 1H), 7.99
(br s, 1H); 13C NMR (CDCl;, 100 MHz) d: 40.5, 78.5, 110.4, 113.3, 117.9, 118.9, 120.6, 121.6,

125.0, 126.5, 126.7, 127.9, 135.4, 138.2.

E

[ o,
A\
N

H

6b: Product in accordance with literature characterization data’. Light yellow oil, [a]p?’ = +30.7
(c 1.01, CHCly), 91% yield, 90% ee; The ee was determined by HPLC analysis using a Chiralpak
IC column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 13.83 min; Tpiner =
18.89 min); 'H NMR (CDCl;, 400 MHz) o: 4.78-4.83 (m, 1H), 4.93-4.98 (m, 1H), 5.06-5.10 (m,
1H), 6.89-6.93 (m, 3H), 6.97-7.01 (m, 1H), 7.10-7.14 (m, 1H), 7.18-7.22 (m, 2H), 7.25 (d, J = 8.0
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Hz, 1H), 7.30-7.32 (m, 1H), 8.06 (br s, 1H); 1*C NMR (CDCl;, 100 MHz) J: 39.8, 78.5, 110.4,
113.1, 114.8 (d, Jor = 21.3 Hz), 117.8, 119.0, 120.4, 121.7, 124.9, 128.3 (d, Jcr = 8.4 Hz), 133.9

(d, Jor=3.3 Hz), 135.5, 161.7 (d, Jcp = 245.3 Hz).

[~ No,
A\
N
H

6¢: Product in accordance with literature characterization data’. Light yellow oil, [a]p**=-1.5 (¢
0.91, CHCls), 92% yield, 92% ee; The ee was determined by HPLC analysis using a Chiralpak I1C
column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4, = 15.10 min; T, = 20.24
min); 'H NMR (CDCl;, 400 MHz) §: 4.78-4.83 (m, 1H), 4.93-4.98 (m, 1H), 5.04-5.08 (m, 1H),
6.90-6.91 (m, 1H), 6.98-7.02 (m, 1H), 7.10-7.14 (m, 3H), 7.26-7.37 (m, 4H), 8.04 (br s, 1H); 3C
NMR (CDCl;, 100 MHz) 6: 40.0, 78.2, 110.5, 112.8, 117.7, 119.1, 120.5, 120.6, 121.8, 124.8,

128.5,131.0, 135.5, 137.2.

HsC.

O

N
H

6d: Product in accordance with literature characterization data’. Light yellow oil, [a]p?° = +16.0
(c 1.01, CHCIly), 90% yield, 92% ee; The ee was determined by HPLC analysis using a Chiralpak
IC column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 14.11 ming Tpiner =
18.90 min); 'H NMR (CDCl;, 400 MHz) d: 2.22 (s, 3H), 4.80-4.85 (m, 1H), 4.93-4.98 (m, 1H),
5.04-5.08 (m, 1H), 6.90-6.91 (m, 1H), 6.97-7.04 (m, 3H), 7.08-7.14 (m, 3H), 7.23-7.26 (m, 1H),
7.35-7.37 (m, 1H), 7.99 (br s, 1H); 3C NMR (CDCls, 100 MHz) ¢: 20.0, 40.2, 78.6, 110.3, 113.5,

117.9, 118.9, 120.5, 121.6, 125.1, 126.6, 128.6, 135.1, 135.4, 136.2.

F. NO,
A
N
H

6e: Product in accordance with literature characterization data’. Light yellow oil, 83% yield, 92%
ee; The ee was determined by HPLC analysis using a Chiralpak IB column (60/40 hexane/i-PrOH,;

flow rate: 1.0 mL/min; A = 254 nm; Tyg0r = 6.54 min; Tpine = 7.43 min); 'H NMR (CDCl;, 400
S10



MHz) J: 4.78-4.83 (m, 1H), 4.91-4.96 (m, 1H), 5.00-5.03 (m, 1H), 6.84-6.95 (m, 4H), 7.09 (d, J =
2.4 Hz, 1H), 7.17-7.21 (m, 3H), 8.10 (br s, IH); 3C NMR (CDCls, 100 MHz) J: 39.7, 78.4, 102.8
(d, Jep=22.1 Hz), 110.2 (d, Jor = 26.3 Hz), 111.1 (d, Jor = 9.3 Hz), 113.5 (d, Jor = 5.1 Hz), 114.9
(d, Jop = 22.3 Hz), 122.0, 125.3 (d, Jop = 10.0 Hz), 128.3 (d, Jer = 8.4 Hz), 132.0, 133.6 (d, Jor =

3.1 Hz), 157.1 (d, Jor =235.3 Hz), 161.2 (d, Jor = 245.0 Hz).

NO,
A\
N
Cl H

6f: Light yellow oil, 89% yield, 91% ee; The ee was determined by HPLC analysis using a
Chiralpak IB column (60/40 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T4 0= 7.17 min;
Tminor = 6.26 min); "H NMR (CDCl;, 400 MHz) J: 4.77-4.82 (m, 1H), 4.91-4.96 (m, 1H), 5.02-5.06
(m, 1H), 6.90-6.96 (m, 4H), 7.16-7.19 (m, 3H), 7.24-7.25 (m, 1H), 8.08 (br s, 1H); 3C NMR
(CDCl;, 100 MHz) ¢: 39.7, 78.4, 110.4, 113.3, 114.9 (d, Jor = 22.3 Hz), 118.7, 119.8, 121.0,
123.5, 127.7, 128.3 (d, Jcr = 8.2 Hz), 133.6 (d, Jor = 4.4 Hz), 135.8, 161.6 (d, Jor = 245.1 Hz);

HRMS (ESI-TOF) m/z: Calcd. for CigH;,CIFN,NaO, [M+Na]*: 341.0464; Found: 341.0458.

NO,
A
Br H

6g: Light yellow oil, 87% yield, 92% ee; The ee was determined by HPLC analysis using a
Chiralpak IC column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; 40, = 12.50 min;
Tminor = 14.88 min); 'H NMR (CDCl;, 400 MHz) J: 4.77-4.82 (m, 1H), 4.91-4.96 (m, 1H), 5.03-
5.07 (m, 1H), 6.90-6.95 (m, 3H), 7.06-7.20 (m, 4H), 7.42 (d, /= 1.2 Hz, 1H), 8.10 (br s, 1H); 3C
NMR (CDCl;, 100 MHz) 6: 39.7, 78.4, 113.4, 114.9 (d, Jor=22.4 Hz), 115.4, 119.1, 120.9, 122.3,
123.8, 128.3 (d, Jor = 8.4 Hz), 133.6 (d, Jor = 3.2 Hz), 136.3, 161.7 (d, Jcr = 245.2 Hz); HRMS

(ESI-TOF) m/z: Calcd. for C{H;,BrFN,NaO, [M+Na]": 384.9958; Found: 384.9963.

/ NO,
N
Br H

6h: Light yellow oil, 88% yield, 94% ee; The ee was determined by HPLC analysis using a
S11
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Chiralpak IC column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,qj0,= 13.52 min;
Tminor = 15.83 min); 'TH NMR (CDCl;, 400 MHz) J: 4.77-4.82 (m, 1H), 4.90-4.95 (m, 1H), 5.00-
5.03 (m, 1H), 6.92-6.93 (m, 1H), 7.06-7.11 (m, 4H), 7.34-7.37 (m, 2H), 7.42 (d, J = 1.2 Hz, 1H),
8.16 (br s, 1H); 3C NMR (CDCls;, 100 MHz) 4: 38.5, 76.8, 111.7, 112.1, 114.1, 117.7, 119.4,
119.7, 121.1, 122.5, 127.1, 129.8, 1349, 135.6; HRMS (ESI-TOF) m/z: Calcd. for

C16H12Br2N2NaOZ [M+Na]+: 444 915 8, Found: 444.9163.

Br NO,
N\
N
H

6i: Product in accordance with literature characterization data’. Light yellow oil, [a]p?® = -20.0
(c 0.91, CHCly), 84% yield, 91% ee; The ee was determined by HPLC analysis using a Chiralpak
IB column (60/40 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygor = 8.24 Min; Tyiner =
6.33 min); 'H NMR (CDCl;, 400 MHz) ¢: 4.76-4.81 (m, 1H), 4.89-4.94 (m, 1H), 5.00-5.04 (m,
1H), 6.90-6.96 (m, 3H), 7.12-7.20 (m, 4H), 7.42 (d, J = 1.2 Hz, 1H), 8.15 (br s, 1H); 3C NMR
(CDCl;, 100 MHz) §: 39.6, 78.4, 111.9, 112.2, 112.7, 114.9 (d, Jcr = 21.4 Hz), 120.3, 121.6,

124.7,126.7, 128.2 (d, Jor = 9.0 Hz), 133.4 (d, Jor = 3.3 Hz), 134.1, 161.5 (d, Jor = 245.0 Hz).

Br. NO,
A\
N
H

6j: Product in accordance with literature characterization data’. Light yellow oil, 83% yield, 93%
ee; The ee was determined by HPLC analysis using a Chiralpak IB column (60/40 hexane/i-PrOH,;
flow rate: 1.0 mL/min; A = 254 nm; Tygj0r = 9.65 Min; Tyyinor = 7.99 min); 'H NMR (DMSO-dy;, 400
MHz) 4: 5.07-5.12 (m, 1H), 5.28-5.38 (m, 2H), 7.18-7.20 (m, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.44-
7.52 (m, 5H), 7.74 (d, J = 1.6 Hz, 1H), 11.31 (br s, 1H); 13C NMR (DMSO-ds, 100 MHz) &: 40.6,

79.1,112.0,113.4, 114.1, 120.6, 121.1, 124.5, 124.6, 128.2, 130.6, 131.9, 135.3, 140.5.

F

[~ No,
N—cH,
N

H

6k: Product in accordance with literature characterization data’. Light yellow oil, 90% yield, 91%
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ee; The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tyg0r = 20.60 min; Ty, = 13.93 min); 'H NMR (CDCls, 400
MHz) J: 2.29 (s, 3H), 4.97-5.01 (m, 1H), 5.06-5.14 (m, 2H), 6.87-6.97 (m, 3H), 7.02-7.06 (m, 1H),
7.17-7.21 (m, 3H), 7.25 (d, J= 7.6 Hz, 1H), 7.83 (br s, 1H); 13C NMR (CDCl;, 100 MHz) ¢: 10.9,
38.8, 77.6, 107.6, 109.8, 114.6 (d, Jor = 22.3 Hz), 117.4, 118.8, 120.4, 125.6, 127.8 (d, Jor = 8.4

Hz), 131.8, 134.2 (d, Jor = 3.3 Hz), 134.4, 160.5 (d, Jor = 244.3 Hz).

Br.
NO,
S—cH,
N

H

61: Product in accordance with literature characterization data’. Light yellow oil, 91% yield, 90%
ee; The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Ty40- = 19.29 min; Ty, = 13.02 min); 'H NMR (CDCl;, 400
MHz) ¢: 2.31 (s, 3H), 4.96-5.14 (m, 3H), 6.94-6.98 (m, 1H), 7.02-7.06 (m, 1H), 7.10 (d, J = 8.4
Hz, 2H), 7.18-7.25 (m, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.85 (br s, 1H); 3*C NMR (CDCl;, 100 MHz)
o: 11.0, 38.9, 77.3, 107.3, 109.8, 117.4, 118.9, 120.0, 120.5, 125.6, 128.0, 130.8, 131.9, 134.4,

137.5.

NO,
N\

N
N
CH,

6m: Product in accordance with literature characterization data’. Light yellow oil, 86% yield, 90%
ee; The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-PrOH;
flow rate: 1.0 mL/min; A = 254 nm; Tyg0-= 11.11 min; Ty = 12.70 min); 'H NMR (CDCls, 400
MHz) J: 2.37 (s, 3H), 4.78-4.83 (m, 1H), 4.93-4.98 (m, 1H), 5.05-5.09 (m, 1H), 6.88-6.93 (m, 5H),
7.16-7.22 (m, 3H), 7.98 (br s, 1H); 3C NMR (CDCl;, 100 MHz) ¢: 15.5, 39.9, 78.5, 113.7, 114.7
(d, Jor=22.1 Hz), 115.5, 119.2, 119.7, 120.1, 122.3, 124.5, 128.3 (d, Jcr = 8.4 Hz), 134.0 (d, JcF

=3.1 Hz), 135.1, 160.7 (d, Jor = 244.4 Hz).



6n: Light yellow oil, 85% yield, 90% ee; The ee was determined by HPLC analysis using a
Chiralpak IC column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; 1,40 = 12.08 min;
Tminor = 13.53 min); 'H NMR (CDCl;, 400 MHz) d: 2.37 (s, 3H), 4.78-4.83 (m, 1H), 4.93-4.98 (m,
1H), 5.03-5.07 (m, 1H), 6.91-6.93 (m, 3H), 7.10-7.13 (m, 2H), 7.15-7.17 (m, 1H), 7.33-7.36 (m,
2H), 7.99 (br s, 1H); 3C NMR (CDCl;, 100 MHz) ¢: 15.5, 40.1, 78.2, 113.2, 115.4, 119.3, 119.7,
120.2, 120.4, 122.3, 124.4, 128.5, 131.0, 135.1, 137.3; HRMS (ESI-TOF) m/z: Calcd. for

Ci7H;sBrN,NaO, [M+Na]*: 381.0209; Found: 381.0204.

H3CO,

9

60: Light yellow oil, 84% yield, 91% ee; The ee was determined by HPLC analysis using a
Chiralpak IC column (95/5 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,4j0,= 19.60 min;
Tminor = 22.08 min); 'H NMR (DMSO-ds, 400 MHz) J: 2.42 (s, 3H), 3.68 (s, 3H), 4.95-5.00 (m,
1H), 5.20-5.33 (m, 2H), 6.82-6.85 (m, 4H), 7.28-7.39 (m, 4H), 10.98 (br s, 1H); 3C NMR
(DMSO-ds, 100 MHz) 0: 17.2, 39.4, 55.4, 79.9, 114.3, 114.7, 116.5, 119.3, 121.1, 122.3, 126.2,
129.3, 133.1, 136.2, 158.6; HRMS (ESI-TOF) m/z: Calcd. for C;gH;sN,NaO; [M+Na]*: 333.1210;

Found: 333.1213.

)

H5CO. NO,
A\

N
H

6p: Product in accordance with literature characterization data’. Light yellow oil, [a]p?’ = -20.7
(c 1.21, CHCly), 92% yield, 90% 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; Tygjor = 13.04 min; Tpiner =
14.86 min); 'H NMR (CDCl;, 400 MHz) J: 3.67 (s, 3H), 4.80-4.85 (m, 1H), 4.91-4.96 (m, 1H),
5.02-5.06 (m, 1H), 6.74-6.77 (m, 2H), 6.86 (d, J= 2.4 Hz, 1H), 7.10-7.23 (m, 6H), 7.96 (br s, 1H);
3C NMR (CDCl;, 100 MHz) d: 40.5, 54.8, 78.4, 99.8, 111.1, 111.6, 112.9, 121.3, 125.5, 126.5,

126.7,127.9, 130.6, 138.2, 153.1.
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HSCO\@?C\ NO,
N\

N
H

6q: Product in accordance with literature characterization data’. Light yellow oil, 91% yield, 90%
ee; The ee was determined by HPLC analysis using a Chiralpak IB column (60/40 hexane/i-PrOH,;
flow rate: 1.0 mL/min; A = 254 nm; Tyg0r = 25.57 Min; Tyyiner = 31.41 min); 'H NMR (CDCls, 400
MHz) ¢: 3.69 (s, 3H), 4.77-4.83 (m, 1H), 4.92-4.97 (m, 1H), 5.01-5.05 (m, 1H), 6.72 (d, J = 2.4
Hz, 1H), 6.76-6.79 (m, 1H), 6.89-6.94 (m, 3H), 7.14-7.23 (m, 3H), 8.01 (br s, 1H); 3C NMR
(CDCls, 100 MHz) 6: 39.8, 54.8, 78.5,99.8, 111.2, 111.7, 112.8, 114.8 (d, Jor = 22.4 Hz), 121.1,

125.4, 128.3 (d, Jor = 8.3 Hz), 130.6, 133.9 (d, Jor= 3.2 Hz) , 153.2, 161.6 (d, Jor = 245.1 Hz).

O

NO,
A\
H,CO' H

6r: Product in accordance with literature characterization data’. Light yellow oil, 92% yield, 99%
ee; The ee was determined by HPLC analysis using a Chiralpak IB column (60/40 hexane/i-PrOH,;
flow rate: 1.0 mL/min; A = 254 nm; T,40- = 7.84 min; Tpin = 10.24 min); 'H NMR (CDCls, 400
MHz) ¢: 3.70 (s, 3H), 4.78-4.83 (m, 1H), 4.90-4.95 (m, 1H), 5.01-5.05 (m, 1H), 6.62-6.65 (m, 1H),
6.71 (d, J = 2.0 Hz, 1H), 6.77 (d, J = 1.6 Hz, 1H), 7.14-7.22 (m, 6H), 7.90 (br s, 1H); *C NMR
(CDCl3, 100 MHz) ¢: 40.5, 54.5, 78.6, 93.7, 93.8, 108.9, 113.2, 113.3, 118.5, 119.3, 119.4, 119.5,

126.5, 126.7, 127.8, 136.3, 138.2, 138.3, 155.7.

O

NO,
A\
HsC N

R
6s: Product in accordance with literature characterization data’. Light yellow oil, 91% yield, 92%
ee; The ee was determined by HPLC analysis using a Chiralpak IC column (95/5 hexane/i-PrOH,;
flow rate: 1.0 mL/min; A = 254 nm; Tyg0r = 35.16 mMin; Tyiner = 39.26 min); 'H NMR (CDCls, 400
MHz) J: 2.33 (s, 3H), 4.78-4.83 (m, 1H), 4.90-4.95 (m, 1H), 5.02-5.06 (m, 1H), 6.78-6.82 (m, 2H),
7.01 (s, 1H), 7.13-7.23 (m, 6H), 7.88 (br s, 1H); *C NMR (CDCl;, 100 MHz) J: 20.6, 40.6, 78.5,

110.3, 123.0, 117.5, 120.0, 120.6, 122.9, 126.4, 126.7, 127.8, 131.4, 135.9, 138.3.
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HiC” Y
6t: Light yellow oil, 81% yield, 80% ee; The ee was determined by HPLC analysis using a
Chiralpak IA column (85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; T,,40-= 7.50 min;
Tminor = 10.34 min); 'H NMR (CD;0D, 400 MHz) §: 2.05 (s, 3H), 2.11 (s, 3H), 4.62-4.66 (m, 1H),
4.74-4.79 (m, 1H), 4.82-4.87 (m, 1H), 5.66 (s, 1H), 7.12-7.16 (m, 1H), 7.20-7.26 (m, 4H), 9.53 (br
s, 1H); 3C NMR (CD;0D, 100 MHz) ¢: 9.4, 11.5, 41.5, 79.9, 103.2, 116.1, 122.2, 125.2, 126.3,
127.4,128.1, 141.5; HRMS (ESI-TOF) m/z: Calcd. for C;4H;sN,NaO, [M+Na]*: 267.1104; Found:

267.1107.

Q

[~ No,
A\
N

\
CHs

6u: Product in accordance with literature characterization data’. Light yellow oil, [a]p?’=+17.1
(c 1.12, CHCly), 68% yield, 83% ee; The ee was determined by HPLC analysis using a Chiralpak
IB column (85/15 hexane/i-PrOH; flow rate: 1.0 mL/min; A = 254 nm; Tygjor = 28.57 min; Tyiner =
31.67 min); '"H NMR (CDCl;, 400 MHz) d: 3.74 (s, 3H), 5.03-5.07 (m, 1H), 5.25-5.35 (m, 2H),
6.96-7.00 (m, 1H), 7.11-7.15 (m, 1H), 7.18-7.22 (m, 1H), 7.27-7.31 (m, 2H), 7..36-7.41 (m, 3H),
7.45 (d, J = 7.6 Hz, 2H); 3C NMR (CDCl3, 100 MHz) ¢: 32.9, 41.0, 79.5, 110.3, 113.3, 119.1,

119.3, 122.0, 127.1, 127.4, 127.8, 128.3, 129.0, 137.0, 141.1.
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8. X-ray crystal data for compounds 6a
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CCDC 2336676

Table S1 Crystal data and structure refinement for 6a

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

a/A, b/A, c/A

a/°, B/°, y/°,
Volume/A3

Z

Pealcg/cm’

wmm-!

F(000)

Radiation

Crystal size/mm?

6a
Ci7H15C1N 0,
385.66

293.15
monoclinic

P2;

12.7168(2), 5.91860(8), 13.1408(2)

90, 114.224(2), 90
901.97(3)

2

1.420

4.704

396.0

Cu Ko (A= 1.54184)
0.15 % 0.13 x 0.12

20 range for data collection/® 7.376 to 153.066

Index ranges -15<h<15,-5<k<7,-16<1<15
Reflections collected 7626

Independent reflections 3022 [Rine = 0.0197, Rgigma = 0.0170]
Data/restraints/parameters 3022/1/218

Goodness-of-fit on F2 1.038

Final R indexes [I>=26 (T)] R, = 0.0685, R, = 0.2019
Final R indexes [all data] R; =0.0695, wR, =0.2034
Largest diff. peak/hole / e A3 0.61/-0.47

Flack parameter 0.033(8)/0.045(4)

Crystal Data for C;;H;5C15N,0, (M =385.66 g/mol): monoclinic, space group P2 (no. 4),a=
12.7168(2) A, b= 5.91860(8) A, c = 13.1408(2) A, f = 114.224(2)°, V=901.97(3) A3, Z=2,T=
293.15 K, uw(Cu Ka)) = 4.704 mm!, Dcalc = 1.420 g/cm?, 7626 reflections measured (7.376° < 20
< 153.066°), 3022 unique (Rine = 0.0197, Ryigma = 0.0170) which were used in all calculations. The
final R, was 0.0685 (I > 25(I)) and wR, was 0.2034 (all data).

9. The copies of "TH NMR, 3C NMR and HPLC spectra for compounds L and 6
H and 3C NMR of L1a
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VI A, W avelength=254 nm (L-CYL-C-21.00

1
1.0265

700
6005
500
400 =
300
200 =
100=

B 5 75 10 125 15

min

# Time Area Height Width Area% Symmetry

1 9.082 146327 G29.7 0.2668 49,744 0.611

2 11.026 14753.3 06,7 0.3161 50,256 0.601

VWD A, Wavelength=254 nm (L-HP-NS-25.00

# Time Area Height Width Area% Symmetry
8,383 30226.4 1576.1 0.3523 96,541 0,435
2 10,385 1262 53.2 0.3579 3.459 0.662

—_

'H and 3C NMR of 6b
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WG A, Wavelength=254 nm (L-HP-MNX-2.0)

=
=
=
o

T TRTI RTYR1 PRI FRTTN CRRTH YR RTRTI KVTRIL)

17821

# Time

Area

Height

Width

Area% Symmetry

1 13.454

53045.1

1964.2

0.4151

50.094 0.633

2 17.921

52546.5

1491.3

0.5494

49,906 0673

WD A, Wavelength=254 nm (LLHP-N3-2.I0

2,593

25

# Time

Area

Height

Width

Area Symmetry

1 13.526

42134.5

1441.1

0.4573

95.053 0.543

2 15,593

2193

00.4

0.6053

4.947 0.669

'H and 3C NMR of 6¢
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WD A, Wavelength=254 nm (L-HP-Hx-0.0)

mél - k} o
7 o
800 - @
600
400 -
200
o .
- T T T
& 10 15 20 min
[+ [+]
E ] Time Area Height Width Area% Symmekry
1 14.474 28851.3 9429 0.464 49,835 0.53
2 18915 200425 740.6 05955 | 50165 | 0,598
|
WD A, Wiavelength=254 nm (L-HP-KN5-8.00
maALl= 2
1750 -
1500
1250 =
1000
760 =
500 = 5
E ™
250—5 2
0= } T
B T I T T N
4] 10 15 20 min
[ [+]
# Time Area Height Width Area% Symmetry
1 15,103 A5503.4 19944 0.4962 95,590 0.515
2 20,237 2807.5 69,1 0.6158 4,110 0.625
H and 3C NMR of 6d
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WD A Wavelength=254 nm (L-HP-NX-7 [0

mall | o
1200 = =
- o
1000 = o
200 -
500 —
400 -
200 —
0- L
T T T T
5 10 15 20 min
[+ [+]
# Time Area Height Width Area% Symmetry
1 13,944 35940.4 1304.1 0.4175 o0, 264 0,599
2 18,178 35563.2 085.2 0.5479 49,736 0.615
WD A, W awelength=284 nm (L-HP-WE-7.[1)
] - ]
1000 -
00—
600 —
400 -
P
: @
200—: i
] - 1 1
: T T U I T T T '
25 5 75 10 125 15 175 20 min
[+ [v]
# Time Area Height Width Area% Symmetry
1 14,108 33957.0 1192,9 0.4331 95,993 0,603
2 18,897 14175 38,6 0.5566 4,007 0,645
IH and 3C NMR of 6e
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HPLC of 6e

WD A, W avelength=254 nm (L-HP-NX-59.00

1000 <
7850 =
500
260 =
0 : ;
T I I I T
2 4 G g 10 min
[+ [+]
# Time Area Height Width Area% Symmekry
1 6,481 337633 1921.3 0,2529 49,557 0,752
2 7602 34325.1 1748.1 0,3273 50,413 0,598
|
VWD A, Wavelength=254 nm (L-HP-NS-59.0)
mALl =] o]
2500—5
2DDD—E
1500—5
1000—5
B @
500 a
] ['n]
o —— e .
T T T T
2 4 6 ] 10 min
[+] [+]
-] Time Area Height Width Area% Symmetry
1 65,539 2451.2 151.6 0.2416 4,145 0,959
2 7432 56639.5 28922 0,2995 95.852 0,504
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H and 13C NMR of 6f
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HPLC of 6f

WD A, i avelength=254 nm (L-HP-N2-15.0)

mil = o
15005
1280
1000 =
740 =
500
250
D_E —— e 1
T T T T
2 4 £ min
[« [+]
# Time Area Height Width Area% Symmebry
1 6,122 29257 .6 17377 0.2464 49,683 0,737
2 7.063 29530.9 1600.5 0,275 50,317 0.549
WD A, Wavelength=254 nm (L-HP-N5-15.01
mall— 7]
1000 -
£00 -
B0 —
E h
400 = ]
3 o
200 o ot
3 o
o _:—,_\_,_A_,—\.--\_\_,_\_L_A-I 1
L A L S S e B A T T T T Y
25 4 75 10 126 15 175 mn
[4 [+]
# Time Area Height Width Area% Symmetry
1 6,256 1006.6 65,3 0.257 4,370 1.066
2 7173 220262 1191.2 0.2767 95.A30 0.621

S46




'H and 3C NMR of 6g
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HPLC of 6g

WD A, Wavelength=254 nm (L-HP-N2-47 D)

2

=

el
(]
=]

L]
o
o

-
o
o

o

14103

# Time

Area Height

Width

Area® Symmelry

—

12,102

15931.2 514

0.4546 49,664

0.407

z 14.103

16146.9 404

0.5833 50,336

0,349

WD AL Wiavelength=254 nm (L-HP-N5-47 .[)

245

7.0 10

& Time

Area Height

Width Area%o

Symmekry

1 12,499

216833.3 675.3

0.5339 95,779

0.425

2 14,578

9533 271

0.5871 4,221

0.465
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H and 3C NMR of 6h

[
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HPLC of 6h

WD A, W avelength=254 nm (L-HP-Nx-48 00

maL - o o
E o
J w
400 =
SDD—f
zuu—f
1DD—f
0- .
T T T T T T
25 5 75 10 125 15 175 min
[+] [+]
# Time Area Height Width Area%o Symmetry
1 13,322 17407 .8 S526,2 0,491 49,557 0,445
2 15.216 17697 .6 439,9 0.5914 S0.413 0,386
WD AL Wavelength=254 nm (L-HP-NS-49.09
médl
200 o
£00-
00 3 ﬁ\q
d I %@‘
200 0o
E Ly
i ,.?s &
n- . ; :
T T T T T T T T K
4 g g 10 12 14 16 18 min
[ | I
# Time Area Height Width Area% Symmetry
1 13,519 30356.3 865.5 0.5845 Q6,827 0,425
2 15,832 994,9 28.2 0.5573 3173 0.44
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'H and 13C NMR of 6i

NO,

Br.

n - b) Woo,m
181 == ﬂl %E”v
sol'L — Hsoo b
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PELLL
YeziL
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1 (ppn)

170

S51



HPLC of 6i

WD A, Wavelength=254 nm (L-HP-NX-51.07

2

om

o

(=]
Liaaliaalag

[=1]
o
o

24

min

Time

Area

Height

Width

Area%o

Symmelry

6,255

15306

1044.4

0.2595

50,134

0,933

g.24

18208.4

915.4

0.3031

49,866

0.642

WD A, Wavelength=254 nm (L-HP-NS-514.00

200

# Time

Area

Height

Width

Area% Symmetry

—_

£.331

1339.4

731

0.30%4

4.539

0.836

5.239

26168.5

1342.3

0.3495

95,461

0.365
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'H and 3C NMR of 6]

LoseT
L1872
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NO,
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HPLC of 6j

WD A, Wawelength=254 nm (L-HP-Nx-53.0)

4 s .

# Time Area Height Width Area% Symmetry

—

7.903 14306.1 700 03054 50,293 0,794

2 9,654 14139.4 £21.8 0.3453 49,707 0,605

W AL W avelength=254 nm (L-HP-N5-534.00

=
=
=
(=]

[ W FRRRY ATERN FR] ARUTNRTRUY ARUTHN]

248 ] 7a 10 12.4

# Time Area Height Width Area%e Symmetry

1 7.994 1453.3 70.4 0.3443 3.406 0.816

2 9.647 412106 1717.9 0.3669 96,594 0.492
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H and 3C NMR of 6k

EOTT—

996
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HPLC of 6k

VD A, Wavelength=234 nm (L-HP-Hx-37.00

3000—; 8 S
2500 = 9_0'?3@“‘"
2000
1500 =
1000
500
0= . .
B T T T T
5 0 15 20 min
[ [+]
# Time Area Height Width Area% Symmekry
1 12,371 1089373 3458.7 0,5249 49,411 0,811
2 18,153 111534.9 21829 0.8516 50,559 0,328
WU A, Mavelength=254 nm (L-HP-NS-37 .00
Ml | o
g00 -
B00—
400
n w0
] =
200 -
0-| - FAN .
T T T T I~
5 10 15 20 25  min
[+] [+]
# Time Area Height Width Area% Symmelry
1 13,925 2536.8 86,6 0.4439 4,366 0.623
2 20,599 55566 978.9 0.8313 95.634 0,325
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H and 3C NMR of 61
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HPLC of 61

WD A, Wavelength=254 nm (L-HP-NX-232.00

mal - o
1200 = -
3 fu]
1000 - P
E =
800
600 —
400 -
200 -
0{4-”—';“-“] o L . ,
L e B T T " T '
5 10 15 20 25 min
[ D
# Time Area Height Width Area% Symmetry
1 12,322 398221 1333.6 0.4044 49,795 0,597
2 17,783 361171 8024 0.6741 50,205 0,371
VWD A, Wavelength=254 nm (L-HP-NS-41 .0
Ml o
1750 =
1500 =
1250 =
1000 =
750 o
500 = o
E o
250 = )‘{'\_
0= . : . :
T T T T
5 10 15 20 i
[+] [+]
# Time Area Height Width Area® Symmetry
1 13,019 S946.5 2254 00,3995 4,945 0621
2 19,202 114307.7 19581.2 0.8341 05,055 0,293
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H and 3C NMR of 6m
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HPLC of 6m

WD A, Wavelength=254 nm (L-HP-NX-56 .0

[
Laie]

# Time Area Height Width Area%e Symmetry
1 10,945 29825.8 12257 00,3649 49,552 0,572
2 12,469 30328.8 1097.6 0.4164 50,415 0.6158

WD A, W avelength=254 nm (L-HP-N5-55.00

2400

2000

1500

000

500

[+ [+]

# Time Area Height Width Area% Symmetry
1 11.112 71629.5 2882 0.4142 95,126 0.608
2 12,697 J669,9 163.3 0,3745 4,874 0,754
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H and 3C NMR of 6n
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HPLC of 6n

VD A, Wawelength=254 nm (L-HP-NX-57.00

2000

1500

1000

500

& Time

Area

Height

Width

Area% Symmetry

—

11.229

386577

22776

0.4292

49,241

0.613

2 12,544

A0465.3

2129.3

0.4733

50,759

0.767

WD A, Wavelength=254 nm (L-HP-N35-57 [0

3000
25600
2000
1500
4000

25

75

# Time

Area

Height

Width

Area® Symmelry

-

12.076

111369.8

5312

0.5256

95,133

0.544

z 13.531

S5697.1

235.4

0.4054

4.867

0.69
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'H and 13C NMR of 60
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HPLC of 60

WD A, W avelength=2584 nm (L-HP-NX-58.00

i~ o 2
120 - ¥
100 -
80—
60—
40—
20
o- .
- T T T T T
5 10 15 20 25 min
[ [v]
# Time Area Height Width Area% Symmekry
1 18.022 6221.1 1387 nesed | 49.275 [ oom
2 20,494 6404.2 1225 0.7767 50,725 0,562
i
WIND &, Wavelength=254 nm (L-HP-N5-52 .0
mN_I_:
2000
1500 -
1000 =
500—
o-
I T I T
5 10 15 20 min
[« [+]
# Time Area Height Width Area% Symmetry
1 19,599 112476.5 25205 0.7437 95,514 1.459
2 22,078 5282.7 134.4 0.6552 4,486 0.613
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H and 3C NMR of 6p
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HPLC of 6p

WD A, W avelength=254 nm (L-HP-N-7.00

mal - » o
1000 — o
00—
00—
400 -
200
a- - }
T L I T T T T ’
25 5 7.5 10 125 15 175 20 min
[« [+]
# Time Area Height Width Area% Symmekry
1 12,958 30713.5 1095.2 04273 49,90z 0,645
2 14.572 30834.6 931.2 0.5033 50,093 0.515
WD A, iavelength=254 nm (L-HP-M-7.00
e
3000 -
2000
1000 -
I:l 7 1
— I I T o
25 7.5 10 175 20 min
[+ [+]
# Time Area Height Width Area% Symmetry
1 13.04 142793.6 3735.4 0.6366 95,110 1,563
2 14.856 7341.4 263.6 0.4641 4,890 0.672
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H and 3C NMR of 6q
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HPLC of 6q

WD A Wiavelength=254 nm (L-HP-NX-20. 00

30672

10 15 20 25 20 35 min
[o] [+]
# Time Area Height Width Area% Symmetry
1 25,277 a04083,3 1371.9 0.9768 49,040 0,739
2 30672 83555.1 1087.6 1,2805 20,960 0,571
WD A, Wavelength=254 nm (L-HP-HS-204.09
mN_l—:
1200 =
1000 =
200 =
B00 = &
q00 = * .
: : F
200 - oS
0= L Pl
T T T T
10 15 20 25 20 min
[+ [+]
# Time Area Height Width Area% Symmekry
1 25.574 56525 1403.7 1.0173 95.074 0,704
2 31.414 4439.5 721 1.0263 4,926 0.576
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'H and 13C NMR of 6r
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HPLC of 6r

WD A, W avelength=254 nm (L-CYL-C-44-B.00

mddl I 2
E a
200 -
150 -
100 =
50—
a- : .
T T T ’ ’ T T f
10 15 25 20 35 min
[o] [+]
# Time Area Height Width Area% Symmetry
1 4,664 £S5, 1 2266 04197 | 49517 | 0.9%
2 11.859 6765 199.5 05018 | 50.483 | 0611
WD A, W avelength=254 nm (L-HP-H-3.0)
mﬁu_f
3000 =
2500 =
2000 =
1500 =
1000 < s
500 5 o
0= . - ,
— T L T ’ T T —r
25 5 75 10 125 15 175 mn
o D
# Time Area Height Width Area% Symmebry
1 7.544 114137 36316 0.4037 99,679 0,333
2 10,237 367.9 9.7 0.5249 0,321 1.456
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H and 13C NMR of 6s
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HPLC of 6s

WD A, Wavelength=254 nm (L-HP-N-11X.0

mal - )
g ;
250—E § r{ggj
200- 2
150—f
1Du—f
50—5
S I W . . ,
T T T T T
10 20 30 40 50 min
(4] [+]
# Time Area Height Width Area% Symmetry
1 35,444 20544.4 2763 1.1584 50,713 0,523
2 45.04 19966.6 203.8 1.6328 49,287 0,466

WD A Wavelength=254 nm (L-HP-N-11.10

2500
2000
1500
1000

h 20262

|

# Time Area Height Width Area% Symmetry
35,156 104515.7 3121.7 0.5097 95,952 0,472
z2 39,262 4387 .6 116.8 0.5773 4,018 0,606

—
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'H and 3C NMR of 6t
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HPLC of 6t

WD A, Wavelength=254 nm (L-HP-NX-82.00

mall - o o
300 E o
250 "
200 =
150—;
100-
50~
0= e I\ : —
h T T T T T T T
26 5 75 10 125 15 min
[4] | IO
# Time Area Height Width Area%e Symmetry
1 8.78 7201.3 322.4 0.3566 S0.423 0.885
2 11.866 7080.6 251.4 0.4356 49,577 0.541
VDA A Wavelength=254 nm (L-HP-NS-222.0)
m-OLI__
40m =
200-
- >
200— v
E m N.é"
_ o
100—; %@'}
] = — 1 " |/-\\. '
T T T T T
2 4 G 10 12 14 min
[« [¥]
# Time Area Height Width Area% Symmetry
1 7497 10944.8 503 0.3627 0,175 0,876
2 10,338 11924 45.6 04059 9,825 0.85
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H and 3C NMR of 6u
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HPLC of 6u

WD AL W avelength=254 nm (L-HP-NX-324. 10

mall - [
E ]
250
QDD—E
150
‘1DD—E
50—
i} _E—A,_,-"L_r'L.-\.,_,_...,_ L
i i T T T T T i
15 20 25 a0 a5 min
[ [+
# Time Area Height Width Area% Symmelry
1 28,963 20687.8 272 1.1484 49,984 2,227
2 31.772 207011 307.9 09733 50,016 0,325
WD A avelength=254 nm (L-HP-N5-52.00
miLl
GO0 —|
a00 E
400—5
300=
200 2o
100—5 m@““
0= - Waline -
T T T T T
16 20 28 20 36 min
[+] [+]
# Time Area Height Width Area% Symmetry
1 28.573 42724 43.2 1.6483 8.767 0.536
2 31.671 44458.6 645.2 0,9929 91,233 0,314
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