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General Information

All the dry solvents were treated prior to use according to the standard methods. Unless otherwise
noted, all reactions sensitive to air or moisture were carried out under nitrogen using standard Schlenk
and vacuum line techniques. Diethylzinc (1.0 mol/L in hexane) was purchased from Aldrich and used as
received. Catl!, Cat2?, and substrates 13 were synthesized according to the literature. Other reagents

were obtained from commercial sources and used as received without further purification.

Melting points were determined using YRT-3 melting point apparatus and are uncorrected. Optical
rotations were measured with Perkin Elmer, model 341 Polarimeter at 20 °C in THF. 'H and 3C NMR
spectra were measured on a Bruker DPX 400 NMR instrument (400 MHz for "H NMR and 100 MHz for
BC NMR). Tetramethylsilane (TMS) served as the internal standard (0 ppm) for 'H NMR and *C NMR.
NMR data are represented as follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet, comp = complex), coupling constant in Hertz (Hz), integration. FT-IR
spectra were recorded on a Perkin Elmer Spectrum Two L600 and are reported in terms of frequency of
absorption (cm™!). High-resolution mass spectra (HRMS) were obtained using an Agilent LC-MSAD-
Trap-XCT instrument using electrospray ionization time-of-flight (ESI-TOF). High performance liquid
chromatography (HPLC) was performed on instrument consisted of JASCO model PU-1580 intelligent
HPLC pump and JASCO model UV-1575 intelligent UV-vis detector (254 nm) using Daicel Chiralpak

IA, IC, ID, IE or IF (4.6 mm x 250 mm) columns.
S1. Trost, B. M.; Ito, H. J. Am. Chem. Soc. 2000, 122, 12003—12004.

S2. Hua, Y.-Z.; Han, X.-W_; Yang, X.-C.; Song, X.-X.; Wang, M.-C.; Chang, J.-B. J. Org. Chem. 2014,

79, 11690-11699.

S3. Xing, S.-N.; Hua, Y.-Z.; Yang, X.-C.; Du, S.-S.; Jia, S.-K.; Mei, G.-J.; Wang, M.-C. Org. Lett. 2022,
24, 3909.

General Procedure for optimization of the reaction conditions

Under the nitrogen atmosphere, a solution of diethylzinc (20 pL, 1.0 M in hexane, 0.02 mmol) was
added dropwise to a solution of C (0.01 mmol) and additives in solvent (2 mL). After the mixture was
stirred for 30 min at room temperature. 1-tosylindoline-2,3-diol 1a and (E)-(2-nitrovinyl)benzene 2a (0.2
mmol, 29.83 mg) were added. The reaction mixture was stirred for corresponding time at the same
temperature. The reaction was quenched with NH4Cl solution (4 mL), and the organic layer was extracted

with CH2CI2 (3 x 5 mL). The combined organic layer was washed with brine and dried over Na2SO4.
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The solvent was removed under reduced pressure by using a rotary evaporator. The residue was purified
by flash chromatography (DCM/acetone = 50/1) to afford the desired product 3aa and 1a’.

General Procedure for enantioenriched 3 and 1a’°

R
- OH c1a o < OH
10 mol% NO
OH + pr\y NOp Mo, ° . OH
Ph DCE, 30 °C ’
N .5 OH N
Ts NHTsO Ts
1 2a 3aa-3ga 1

In a flame-dried Schlenk tube, a solution of diethylzinc (40 uL, 1.0 mol/L in hexane, 0.04 mmol)
was added to a solution of the chiral ligand (S,S)-La (0.02 mmol 14.1 mg) in dry DCE (2.0 mL)
under nitrogen. The mixture was stirred at room temperature for 30 min. Thus, the preparation of
Cla was finished. Then, 1a (0.5 mmol, 152.6 mg) and 2a (0.2 mmol, 29.83 mg) were added. The
reaction mixture was stirred for 8 h at 30 °C. The reaction was quenched with NH4Cl solution (4 mL),
and the aqueous layer was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was washed
with brine and dried over Na,SO,. The solvent was removed under reduced pressure by using a rotary
evaporator. The residue was purified by flash chromatography with petroleum DCM/acetone = 50/1 to
afford the desired product 3 and 1°.

N-(2-(2-hydroxy-4-nitro-3-phenylbutanoyl)phenyl)-4-methylbenzenesulfonamide (3aa):

Ph
NO,
“'OH
NHTsO
3aa

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (80 mg,
88% vyield, 3:1 dr); [a]p?® = 50.8 (¢ = 1.0, DCM, 92% ee); m.p. = 116.5-118.2 °C; "TH NMR (400 MHz,
CDCl;) 6 10.82 (s, 1H), 7.83-7.75 (m, 3H), 7.52-7.47 (m, 1H), 7.46-7.41 (m, 1H), 7.29-7.26 (m, 2H),
7.26-7.24 (m, 2H), 7.22-7.18 (m, 2H), 5.27 (d, J = 3.6 Hz, 1H), 4.66-4.54 (m, 2H), 3.89 (s, 1H), 3.77—
3.71 (m, 1H), 2.36 (s, 3H). 3C NMR (101 MHz, CDCl) 3 202.5, 144.6, 140.9, 137.2, 136.3, 136.2,
130.6, 129.9, 129.2, 128.5, 127.9, 127.4, 122.6, 119.3, 118.6, 75.3, 74.8, 48.1, 21.6.; HRMS (ESI): m/z
[M + Na]* caled for [Cy3HpNyOgS]™: 477.1091, found: 477.1089; HPLC: Daicel Chiralpak IE, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, ty,jor = 38.752 min and tyiner = 27.727 min.

N-(2-(2-hydroxy-4-nitro-3-phenylbutanoyl)-4-methylphenyl)-4-methylbenzenesulfonamide (3ba):

Me
Ph
“'OH
NHTsO
3ba
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Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (75
mg, 80% yield, 5:1 dr); [a]p® = 27.4 (¢ = 1.0, DCM, 85% ee); m.p. = 107.2-109.5 °C; 'TH NMR (400
MHz, CDCl;) 6 10.62 (s, 1H), 7.77 (d, J = 8.3 Hz, 2H), 7.70 (d, J = 8.6 Hz, 1H), 7.31-7.26 (m, 3H), 7.25
(t, J=3.3 Hz, 4H), 7.14-7.10 (m, 3H), 5.21 (s, 1H), 4.60 (d, J = 7.4 Hz, 2H), 3.84 (d, J = 6.4 Hz, 1H),
3.66 (d, J=4.5 Hz, 1H), 2.35 (s, 3H), 2.17 (s, 3H); ¥3C NMR (101 MHz, CDCl3) § 202.5, 144.4, 138 .4,
137.2,137.1, 136.4, 132.4, 130.9, 129.8, 129.2, 128.4, 127.9, 127.4, 119.8, 118.9, 75.3, 74.9, 48.4, 21.5,
20.5; HRMS (ESI): m/z [M + Na]* calcd for [C,4H,4N,O¢S]*: 491.1247, found: 491.1244; HPLC: Daicel
Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyujor = 36.05 min and tyiner
=24.68 min.

N-(2-(2-hydroxy-4-nitro-3-phenylbutanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(3ca):

OMe
Ph
NO,
“'OH
NHTsO
3ca

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (87 mg,
90% yield, 10:1 dr); [a]p?® = 48.3 (¢ = 1.0, DCM, 99% ee); m.p. = 92.5-93.2 °C; TH NMR (400 MHz,
CDCl;) 6 10.24 (s, 1H), 7.79-7.67 (m, 3H), 7.24 (t, J = 5.3 Hz, 5H), 7.19-7.13 (m, 2H), 7.11-7.06 (m,
1H), 6.83 (d, J = 2.8 Hz, 1H), 5.18 (s, 1H), 4.59 (dd, J = 13.8, 8.6 Hz, 1H), 4.47 (dd, J=13.8, 6.2 Hz,
1H), 3.81 (s, 1H), 3.67 (s, 3H), 2.34 (s, 3H); 3C NMR (101 MHz, CDCl;) 4 202.3, 155.0, 144.5, 137.1,
136.3, 133.7, 129.8, 129.3, 128.4, 127.9, 127.3, 122.4, 122.3, 120.6, 114.8, 75.2, 75.1, 55.9, 48.0, 21.5;
HRMS (ESI): m/z [M + Na]* calcd for [Cy,HN,0,S]": 507.1196, found: 507.1196; HPLC: Daicel
Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyajor = 25.07 min and tyiner
=23.21 min.

N-(4-fluoro-2-(2-hydroxy-4-nitro-3-phenylbutanoyl)phenyl)-4-methylbenzenesulfonamide (3da):

F
Ph
N02
“'OH
NHTsO
3da

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (78 mg,
83% yield, 10:1 dr); [a]p?® = 10.9 (c = 1.0, DCM, 99% ee); m.p. = 89.8-91.1 °C; 'H NMR (400 MHz,
CDCl;) 6 ppm: 6 10.47 (s, 1H), 7.81-7.73 (m, 3H), 7.28 (s, 1H), 7.26-7.22 (m, 3H), 7.22-7.18 (m, 1H),
7.14-7.09 (m, 2H), 7.03-6.98 (m, 1H), 5.12 (d, /= 4.7 Hz, 1H), 4.74-4.66 (m, 1H), 4.63—4.55 (m, 1H),
3.71-3.64 (m, 1H), 2.37 (s, 3H); '3C NMR (101 MHz, CDCl3)  201.9, 157.3 (d, J = 245.7 Hz), 144.8,
136.9, 136.6, 136.1, 129.9, 129.4, 128.7, 127.8, 127.4, 123.6, 123.4, 121.8 (d, /= 7.4 Hz), 120.2, 120.1,
116.6 (d, J=23.9 Hz), 75.2, 75.1, 48.2, 21.6; F NMR (376 MHz, CDCl;) & -117.77; HRMS (ESI):
m/z [M + H]" calcd for [Cy3H, 1 FN,O6S]*: 473.1177, found: 473.1171; HPLC: Daicel Chiralpak IE, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyajor = 26.59 min and tupine, = 21.20 min.

S4



N-(4-chloro-2-(2-hydroxy-4-nitro-3-phenylbutanoyl)phenyl)-4-methylbenzenesulfonamide (3ea):

Cl
Ph
N02
“'OH
NHTsO
3ea

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (81 mg,
83% yield, 5:1 dr); [a]p? = 12.5 (¢ = 1.0, DCM, 99% ee); m.p. = 94.2-95.5 °C; "TH NMR (400 MHz,
CDCl;) 6 10.63 (s, 1H), 7.79 (d, J = 8.3 Hz, 2H), 7.73 (d, /= 9.0 Hz, 1H), 7.42-7.38 (m, 1H), 7.29 (d, J
= 8.2 Hz, 2H), 7.26-7.22 (m, 4H), 7.13-7.08 (m, 2H), 5.14 (s, 1H), 4.79 (dd, /= 14.0, 7.0 Hz, 1H), 4.59
(dd, J = 14.0, 7.6 Hz, 1H), 3.74 (d, J = 5.4 Hz, 1H), 3.71-3.63 (m, 1H), 2.38 (s, 3H). 3C NMR (101
MHz, CDCl;) 6 201.9, 144.8, 139.2, 136.6, 136.0, 135.8, 130.3, 130.0, 129.4, 128.7, 127.9, 127.7, 127.5,
120.6,119.9,75.2,75.0,48.4,21.6. HRMS (ESI): m/z [M + Na]* calcd for [Cp3H,;CIN,O¢S]*: 511.0701,
found: 511.0701; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254
nm, tpejor = 31.13 min and tyiner = 23.56 min.

N-(4-bromo-2-(2-hydroxy-4-nitro-3-phenylbutanoyl)phenyl)-4-methylbenzenesulfonamide (3fa):

Br
Ph
“'OH
NHTsO
3fa

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (83
mg, 78% yield, 8:1 dr); [a]p?° = 12.0 (¢ = 1.0, DCM, 99% ee); m.p. = 88.7-89.9 °C; '"H NMR (400 MHz,
CDCl;) 6 10.66 (s, 1H), 7.79 (d, J= 8.3 Hz, 2H), 7.66 (d, /= 9.0 Hz, 1H), 7.54 — 7.50 (m, 1H), 7.40 (d,
J=2.2Hz, 1H), 7.29 (d, J= 8.2 Hz, 2H), 7.26-7.22 (m, 3H), 7.13-7.08 (m, 2H), 5.14 (s, 1H), 4.82 (dd,
J=14.0,7.0 Hz, 1H), 4.59 (dd, /= 14.0, 7.6 Hz, 1H), 3.77 (s, 1H), 3.67 (dd, /= 12.4, 7.3 Hz, 1H), 2.38
(s, 3H); 3C NMR (101 MHz, CDCls) 6 201.9, 144.8, 139.6, 138.6, 136.6, 136.0, 133.3, 130.0, 129.4,
128.7,127.7, 127.5, 120.7, 120.3, 115.0, 75.2, 75.0, 48.5, 21.6; HRMS (ESI): m/z [M + Na]* calcd for
[Ca3H, BrN,O4S]*: 555.0202, found: 555.0207; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30,

flow rate = 1 mL/min, A = 254 nm, tyujor = 36.06 min and tyiner = 29.94 min.

N-(2-((2S,3S5)-2-hydroxy-4-nitro-3-phenylbutanoyl)-5-methoxyphenyl)-4-

methylbenzenesulfonamide (3ga):

MeO Ph
© NO,
“'OH
NHTsO
3ga

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (83 mg,
86% yield, 8:1 dr); [a]p? =24.0 (¢ = 1.0, DCM, 96% ee); m.p. = 108.5-109.9 °C; 'H NMR (400 MHz,
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DMSO0) 8 11.63 (s, 1H), 8.00 (d, J=9.1 Hz, 1H), 7.62 (d, J= 8.3 Hz, 2H), 7.35 (d, J= 8.1 Hz, 2H), 7.30-
7.26 (m, 2H), 7.20 (d, J= 6.4 Hz, 3H), 6.86 (d, J= 2.4 Hz, 1H), 6.68-6.63 (m, 1H), 6.34 (d, /= 7.3 Hz,
1H), 5.27 (s, 1H), 5.10 (dd, J = 13.3, 5.2 Hz, 1H), 5.01-4.92 (m, 1H), 3.76 (s, 3H), 2.53-2.49 (m, 2H),
2.34 (s, 3H); 3C NMR (101 MHz, CDCl;) 6 206.4, 169.4, 149.6, 147.5, 142.1, 140.5, 140.0, 135.3,
133.7, 133.6, 132.7, 132.2, 118.9, 113.6, 107.5, 82.9, 77.9, 61.0, 52.4, 26.2; HRMS (ESI): m/z [M +
Na]* calcd for [C4H24N,0,S]*: 507.1196, found: 507.1194; HPLC: Daicel Chiralpak IB, n-hexane/i-
PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tysjor = 21.986 min and tyiner = 15.614 min.

N-(2-(3-(4-fluorophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3¢b):

3cb

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (88
mg, 88% yield, 8:1 dr); [a]p?° = 10.4 (c = 1.0, DCM, 94% ee); m.p. = 83.2-84.5 °C; '"H NMR (400 MHz,
CDCl;) 6 10.17 (s, 1H), 7.79-7.69 (m, 3H), 7.24 (d, J= 8.1 Hz, 2H), 7.17-7.09 (m, 3H), 6.95 (t, J= 8.6
Hz, 2H), 6.83 (d, J= 2.8 Hz, 1H), 5.14 (t, J=4.5 Hz, 1H), 4.55 (dd, /= 13.7,9.1 Hz, 1H), 4.37 (dd, J =
13.8,5.9 Hz, 1H), 3.72 (s, 3H), 3.68 (dd, J= 8.5, 4.7 Hz, 1H), 2.34 (s, 3H); 3*C NMR (101 MHz, CDCl;)
8202.0, 162.6 (d, J = 248.1 Hz), 155.1, 144.5, 136.4, 133.6, 132.9, 132.9, 129.8, 129.6 (d, J = 8.2 Hz),
127.3, 122.7, 121.9, 120.6, 116.2 (d, J = 21.6 Hz), 115.1, 75.2, 75.1, 55.6, 47.3, 21.5; %F NMR (376
MHz, CDCl;) 6 -113.06; HRMS (ESI): m/z [M + Na]* calcd for [CyH,3FN,0,S]": 525.1102, found:
525.1111; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm,

tmajor = 31.76 min and tyjne = 26.73 min.

N-(2-(3-(4-chlorophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cc):

3cc

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (97 mg,
93% yield, 6:1 dr); [a]p?® = 41.7 (¢ = 1.0, DCM, 93% ee); m.p. = 90.2-92.3 °C; 'TH NMR (400 MHz,
CDCl;) 6 10.13 (s, 1H), 7.78 (d, J=9.2 Hz, 1H), 7.72 (d, J= 8.3 Hz, 2H), 7.26-7.20 (m, 4H), 7.14-7.10
(m, 1H), 7.08 (d, J = 8.5 Hz, 2H), 6.80 (d, J = 2.9 Hz, 1H), 5.14-5.10 (m, 1H), 4.56 (dd, J=13.8, 9.1
Hz, 1H), 4.37 (dd, J= 13.8, 5.9 Hz, 1H), 3.78 (d, J = 6.1 Hz, 1H), 3.72 (s, 3H), 2.34 (s, 3H); 3C NMR
(101 MHz, CDCl3) 8 201.8, 155.1, 144.6, 136.4, 135.5, 134.5, 133.6, 129.8, 129.4, 129.2, 127.3, 122.7,
121.8, 120.6, 115.2, 75.0, 74.9, 55.7, 47.5, 21.5; HRMS (ESI): m/z [M + Na]* caled for

S6



[C,4H»;CIN,O,S]*: 541.0806, found: 541.0801; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30,

flow rate = 1 mL/min, A = 254 nm, tysjor = 31.33 min and tyjner = 26.18 min.

N-(2-(3-(4-bromophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cd):

3cd

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid
(105 mg, 93% yield, 10:1 dr); [a]p®® = 72.7 (¢ = 1.0, DCM, 99% ee); m.p. = 98.2-99.5 °C; '"H NMR
(400 MHz, CDCl3) 6 10.16 (s, 1H), 7.85-7.66 (m, 3H), 7.36 (d, J= 8.4 Hz, 2H), 7.24 (d, J= 8.2 Hz, 2H),
7.13-7.08 (m, 1H), 7.00 (d, J = 8.4 Hz, 2H), 6.80 (d, /= 2.9 Hz, 1H), 5.13 (s, 1H), 4.57 (dd, J = 13.8,
9.2 Hz, 1H), 4.41 (dd, J=13.8, 5.8 Hz, 1H), 3.86 (s, 1H), 3.72 (s, 3H), 3.65-3.59 (m, 1H), 2.34 (s, 3H);
13C NMR (101 MHz, CDCl3) 8 201.9, 155.1, 144.6, 136.3, 136.0, 133.4, 132.3, 129.8, 129.6, 127.3,
122.6, 122.6, 121.8, 120.8, 115.3, 75.0, 74.8, 55.7, 47.5, 21.5; HRMS (ESI): m/z [M + Na]* calcd for
[C,4H23BrN,04S]": 585.0301, found: 585.0313; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30,

flow rate = 1 mL/min, A = 254 nm, tyujor = 33.21 min and tyjner = 27.32 min.

N-(2-(2-hydroxy-4-nitro-3-(p-tolyl)butanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(3ce):

3ce

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (89
mg, 90% yield, 10:1 dr); [a]p*® = 56.4 (¢ = 1.0, DCM, 99% ee); m.p. = 94.6-95.2 °C; 'H NMR (400
MHz, CDCl3) § 10.25 (s, 1H), 7.77-7.67 (m, 3H), 7.23 (d, J = 8.2 Hz, 2H), 7.10-6.98 (m, SH), 6.81 (d,
J =29 Hz, 1H), 5.15 (s, 1H), 4.57 (dd, J = 13.7, 8.7 Hz, 1H), 4.46 (dd, J = 13.7, 6.2 Hz, 1H), 3.81 (s,
1H), 3.66 (s, 3H), 2.33 (s, 3H), 2.27 (s, 3H); 3C NMR (101 MHz, CDCl;) 4 202.4, 155.0, 144.5, 138.3,
136.3, 134.0, 133.6, 129.9, 129.8, 127.7, 127.3, 122.4, 122.2, 120.7, 114.8, 75.4, 75.3, 55.6, 47.7, 21.5,
21.0; HRMS (ESI): m/z [M + Na]* calcd for [C,sH6N,07S]*: 521.1353, found: 521.1349; HPLC: Daicel
Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyajor = 49.59 min and tyinor
=37.89 min.

N-(2-(2-hydroxy-3-(4-methoxyphenyl)-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cf):
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3cf

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (98 mg,
95% yield, 6:1 dr); [a]p?® = 54.0 (c = 1.0, DCM, 95% ee); m.p. = 113.6-115.3 °C; '"H NMR (400 MHz,
CDCl;) 6 10.23 (s, 1H), 7.78-7.69 (m, 3H), 7.24 (d, /= 8.1 Hz, 2H), 7.11-7.03 (m, 3H), 6.82 (d, J=2.8
Hz, 1H), 6.76 (d, J = 8.6 Hz, 2H), 5.13 (s, 1H), 4.55 (dd, J = 13.6, 8.9 Hz, 1H), 4.42 (dd, J = 13.6, 6.1
Hz, 1H), 3.75 (s, 3H), 3.69 (s, 3H), 3.62 (s, 1H), 2.34 (s, 3H); 3C NMR (101 MHz, CDCls) & 202.4,
159.6, 155.0, 144.5, 136.4, 133.6, 129.8, 129.0, 128.9, 127.3, 122.4, 122.1, 120.6, 115.0, 114.6, 75.5,
75.3, 55.6, 55.3, 47.4, 21.5; HRMS (ESI): m/z [M + Na]* caled for [C,sH6N,OgS]*: 537.1302, found:
537.1302; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm,

tmajor = 46.05 min and tyine = 39.01 min.

N-(2-(3-(4-(benzyloxy)phenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cg):

3cg

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid
(106 mg, 90% yield, 8:1 dr); [a]p® = 36.0 (¢ = 1.0, DCM, 93% ee); m.p. = 108.5-110.2 °C; 'H NMR
(400 MHz, CDCl;) 6 10.25 (s, 1H), 7.77-7.68 (m, 3H), 7.42—7.32 (m, SH), 7.22 (d, J= 8.1 Hz, 2H), 7.10—
7.01 (m, 3H), 6.82 (d, /= 8.7 Hz, 3H), 5.14 (s, 1H), 4.99 (s, 2H), 4.55 (dd, J = 13.7, 8.9 Hz, 1H), 4.42
(dd, J=13.7, 6.1 Hz, 1H), 3.79 (d, J= 6.3 Hz, 1H), 3.66 (s, 3H), 3.62 (dd, J=4.3, 3.1 Hz, 1H), 2.32 (s,
3H); 3C NMR (101 MHz, CDCl;) § 202.4, 158.8, 155.0, 144.5, 136.7, 136.3, 133.6, 129.8, 129.1, 129.0,
128.7, 128.1, 127.5, 127.3, 122.4, 122.2, 120.7, 115.5, 114.9, 75.5, 75.3, 70.0, 55.6, 47.4, 21.5; HRMS
(ESI): m/z [M + Na]* calcd for [C3;H30N,05S]*: 613.1615, found: 613.1615; HPLC: Daicel Chiralpak
IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, ty,jor = 55.210 min and tyiner = 43.414

min.

N-(2-(2-hydroxy-4-nitro-3-(4-(trifluoromethyl)phenyl)butanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3ch):
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Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (92
mg, 83% yield, 6:1 dr); [a]p?° = 83.7 (¢ = 1.0, DCM, 90% ee); m.p. = 68.2-69.5 °C; '"H NMR (400 MHz,
CDCl;) 6 10.10 (s, 1H), 7.80-7.70 (m, 3H), 7.50 (d, J= 8.1 Hz, 2H), 7.29 (s, 2H), 7.24 (s, 1H), 7.13-7.08
(m, 1H), 6.79 (d, J = 2.8 Hz, 1H), 5.15 (s, 1H), 4.62 (dd, J = 14.0, 9.2 Hz, 1H), 4.42 (dd, J = 14.0, 5.7
Hz, 1H), 3.84 (d, J = 5.9 Hz, 1H), 3.71 (s, 3H), 2.35 (s, 3H); 3C NMR (101 MHz, CDCl;) & 201.6,
155.1, 144.6, 141.0, 136.4, 133.5, 129.8, 128.4, 127.3, 126.2, 126.1, 122.8, 121.7, 120.7, 115.3, 74.8,
74.6, 55.6, 47.8, 21.5; F NMR (376 MHz, CDCI3) 3 -62.87; HRMS (ESI): m/z [M + Na]" calcd for
[C55H23F3N,0,S]*: 575.1070, found: 575.1074; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30,

flow rate = 1 mL/min, A = 254 nm, tyujor = 24.15 min and tyjner = 21.58 min.

N-(2-(3-(3-chlorophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3ci):

3ci

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (88 mg,
85% yield, 4:1 dr); [a]p? = 36.4 (c = 1.0, DCM, 96% e¢); m.p. = 79.5-81.3 °C; "TH NMR (400 MHz,
DMSO) 6 10.23 (s, 1H), 7.50 (d, J = 7.9 Hz, 2H), 7.44 (s, 1H), 7.34-7.22 (m, 5H), 7.18 (s, 1H), 7.07—
6.96 (m, 2H), 6.20 (s, 1H), 5.34 (s, 1H), 5.08-4.89 (m, 2H), 3.85 (s, 1H), 3.73 (s, 3H), 2.51 (s, 3H), 2.34
(s, 3H); 3C NMR (101 MHz, DMSO) 8 202.6, 156.4, 144.1, 140.6, 136.2, 133.5, 130.7, 130.2, 129.5,
128.6, 128.,127.8,127.4, 124.3, 120.3, 115.8, 77.1, 74.6, 56.0, 46.7, 21.5; HRMS (ESI): m/z [M + Na]*
calcd for [C,4H,3CIN,O,S]*: 541.0806, found: 541.0817; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH
=70/30, flow rate = 1 mL/min, A = 254 nm, tpajor = 21.26 min and tmin = 19.47 min.

N-(2-(3-(3-bromophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3c¢j):




Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (99 mg,
88% yield, 4:1 dr); [a]p?® = 37.6 (c = 1.0, DCM, 85% ee); m.p. = 113.7-115.1 °C; 'TH NMR (400 MHz,
CDCl;) 0 10.13 (s, 1H), 7.77 (d, J=9.2 Hz, 1H), 7.72 (d, /= 8.2 Hz, 2H), 7.40 (d, /= 7.3 Hz, 1H), 7.32
(s, 1H), 7.24 (d, J = 8.2 Hz, 2H), 7.17-7.10 (m, 3H), 6.82 (d, J=2.8 Hz, 1H), 5.15 (s, 1H), 4.55 (dd, /=
14.0, 8.8 Hz, 1H), 4.40 (dd, J = 14.0, 6.0 Hz, 1H), 3.83 (s, 1H), 3.72 (s, 3H), 3.63 (dd, /= 9.0, 3.8 Hz,
1H), 2.34 (s, 3H); BC NMR (101 MHz, CDCl;) 4 201.7, 155.1, 144.5, 139.5, 136.3, 133.6, 131.7, 131.0,
130.8, 129.8, 127.3, 126.6, 123.2, 122.8, 122.4, 120.6, 114.6, 74.9, 55.6, 47.5, 21.5; HRMS (ESI): m/z
[M + Na]* caled for [C,4H,3BrN,0,S]7:585.0301, found: 585.0300; HPLC: Daicel Chiralpak IB, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyujor = 15.07 min and tuine, = 12.87 min.

N-(2-(2-hydroxy-4-nitro-3-(m-tolyl)butanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(3ck):

3ck

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (95 mg,
95% yield, 7:1 dr); [a]p?® = 49.0 (c = 1.0, DCM, 90% ee); m.p. = 128.8-129.7 °C; "TH NMR (400 MHz,
CDCl;) 6 10.24 (s, 1H), 7.79-7.70 (m, 3H), 7.24 (d, /= 8.1 Hz, 2H), 7.14 (t, J= 7.9 Hz, 1H), 7.11-7.03
(m, 2H), 6.95 (s, 2H), 6.81 (d, J = 2.8 Hz, 1H), 5.16 (s, 1H), 4.57 (dd, /= 13.8, 8.5 Hz, 1H), 4.48 (dd, J
=13.8, 6.4 Hz, 1H), 3.79 (d, J = 6.1 Hz, 1H), 3.66 (s, 3H), 2.34 (s, 3H), 2.27 (s, 3H); 3C NMR (101
MHz, CDCl;) 6 202.3, 154.9, 144.4, 139.0, 137.1, 136.3, 133.7, 129.8, 129.2, 129.1, 128.6, 127.3, 124.8,
122.3, 120.5, 114.7, 75.2, 75.2, 55.5, 47.9, 21.5, 21.4; HRMS (ESI): m/z [M + Na]* calcd for
[CasHeN,O4S]*: 521.1353, found: 521.1348; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30,

flow rate = 1 mL/min, A = 254 nm, tysjor = 12.51 min and tyjner = 11.03 min.

N-(2-(2-hydroxy-3-(3-methoxyphenyl)-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cl):

3cl

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (88
mg, 86% yield, 3:1 dr); [a]p?® = 44.4 (c = 1.0, DCM, 98% ee); m.p. = 119.1-120.3 °C; 'H NMR (400
MHz, CDCl3) 6 10.26 (s, 1H), 7.75-7.68 (m, 3H), 7.23 (d, J=7.9 Hz, 2H), 7.15 (t, J=8.2 Hz, 1H), 7.11-
7.05 (m, 1H), 6.86 (d, J=2.0 Hz, 1H), 6.78 (s, 2H), 6.71 (d, J=7.5 Hz, 1H), 5.19 (s, 1H), 4.58 (dd, J =
13.8, 8.4 Hz, 1H), 4.49 (dd, /= 13.8, 6.3 Hz, 1H), 3.85 (s, 1H), 3.75 (s, 3H), 3.68 (s, 3H), 2.34 (s, 3H);
3C NMR (101 MHz, CDCls) § 202.3, 160.1, 155.0, 144.5, 138.7, 136.2, 133.6, 130.3, 129.8, 127.3,
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122.4,122.3,120.6, 120.1, 114.7, 113.8, 113.6, 75.2, 75.1, 55.6, 55.3, 47.9, 21.5; HRMS (ESI): m/z [M
+ Na]* calcd for [CysHysN,OgS]™: 537.1302, found: 537.1302; HPLC: Daicel Chiralpak IE, n-hexane/i-
PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyajor = 56.56 min and tpin, = 47.95 min.

N-(2-(3-(2-chlorophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cm):

3cm

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (93 mg,
90% yield, 5:1 dr); [a]p?® = 49.3 (¢ = 1.0, DCM, 98% ee); m.p. = 98.2-99.6 °C; 'TH NMR (400 MHz,
CDCl;) 6 10.16 (s, 1H), 7.71 (d, J= 9.0 Hz, 1H), 7.62 (t,J = 16.3 Hz, 2H), 7.35 (s, 1H), 7.29 (d, J=9.2
Hz, 1H), 7.19 (s, 1H), 7.16 (s, 2H), 7.14 (s, 1H), 7.11-7.04 (m, 2H), 5.17 (s, 1H), 4.50 (dd, /J=13.8, 8.4
Hz, 1H), 4.34 (s, 1H), 4.14 (dd, J = 13.5, 5.6 Hz, 1H), 3.81 (s, 1H), 3.67 (s, 3H), 2.26 (s, 3H); 3C NMR
(101 MHz, CDCl3) § 201.9, 155.1, 144.5, 136.3, 134.4, 133.7, 133.5, 130.1, 129.8, 129.6, 127.7, 127.3,
122.7, 122.3, 120.4, 115.0, 73.4, 55.7, 43.6, 21.5; HRMS (ESI): m/z [M + Na]* caled for
[C54H2;CIN,O,S]*: 541.0806, found:541.0809; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30,
flow rate = 1 mL/min, A = 254 nm, tyujor = 49.03 min and tyiner = 41.04 min.

N-(2-(3-(2-bromophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cn):

3cn

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (98
mg, 87% yield, 3:1 dr); [a]p?° = 48.3 (¢ = 1.0, DCM, 94% ee); m.p. = 95.2-93.0 °C; '"H NMR (400 MHz,
DMSO0) 6 10.11 (s, 1H), 7.55 (t, J= 8.4 Hz, 2H), 7.49 (d, /= 8.1 Hz, 2H), 7.31 (d, J = 8.0 Hz, 3H), 7.22
(s, IH), 7.14 (t, J= 7.3 Hz, 1H), 7.00 (d, J = 8.9 Hz, 1H), 6.93 (d, /= 8.9 Hz, 1H), 6.11 (s, 1H), 5.34 (s,
1H), 5.03-4.92 (m, 2H), 4.38 (dd, J= 14.2, 6.5 Hz, 1H), 3.73 (s, 3H), 2.34 (s, 3H); *C NMR (101 MHz,
DMSO0) $202.9,156.4,144.1,137.1, 136.2,133.3,130.1, 130.0, 129.8, 128.3, 127.4, 124.9, 124.6, 120.1,
115.6,76.6, 74.6, 56.0, 45.3, 21.4; HRMS (ESI): m/z [M + Na]* calcd for [Cy4H,3BrN,0,S]*: 585.0301,
found: 585.0304; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254

nm, tpeor = 30.96 min and tyiner = 23.51 min.
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N-(2-(2-hydroxy-4-nitro-3-(o-tolyl)butanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(3co):

3co

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (83 mg,
83% yield, 10:1 dr); [a]p?® = 22.7 (¢ = 1.0, DCM, 99% ee); m.p. = 89.9-91.3 °C; 'H NMR (400 MHz,
CDCl;) 6 10.25 (s, 1H), 7.71 (t,J = 9.1 Hz, 3H), 7.46 (d, /= 7.7 Hz, 1H), 7.22 (d, J= 8.0 Hz, 3H), 7.13
(t,J=7.4 Hz, 1H), 7.08-7.03 (m, 2H), 6.77 (d, J=2.9 Hz, 1H), 5.17 (s, 1H), 4.62 (dd, /= 13.9, 7.1 Hz,
1H), 4.48 (dd, J=13.9, 7.7 Hz, 1H), 4.05 (dd, J = 12.3, 7.4 Hz, 1H), 3.79 (s, 1H), 3.59 (s, 3H), 2.35 (s,
3H), 2.08 (s, 3H); 13C NMR (101 MHz, CDCls) 8 202.5, 154.7, 144.3, 136.3, 136.1, 135.4, 133.8, 131.1,
129.8, 128.2, 127.3, 127.2, 127.1, 122.1, 121.8, 120.4, 115.1, 75.4, 74.7, 55.5, 42.7, 21.5, 19.4; HRMS
(ESI): m/z [M + NaJ* calcd for [C,5H,6N,0,S]*: 521.1353, found: 521.1350; HPLC: Daicel Chiralpak
IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tp,jer = 33.82 min and tyiner = 27.24

min.

N-(2-(2-hydroxy-3-(2-methoxyphenyl)-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cp):

3cp

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (90 mg,
88% yield, 10:1 dr); [a]p?® = 29.6 (c = 1.0, DCM, 94% ee); m.p. = 95.3-96.8 °C; 'H NMR (400 MHz,
CDCl;) 6 10.31 (s, 1H), 7.71 (t, J= 8.9 Hz, 3H), 7.28 (d, J= 2.8 Hz, 1H), 7.24-7.18 (m, 3H), 7.08-7.04
(m, 1H), 6.94 (d, J="7.5 Hz, 1H), 6.84-6.77 (m, 2H), 5.24 (s, 1H), 4.73 (dd, /= 13.8, 8.7 Hz, 1H), 4.38
(d, J= 6.1 Hz, 1H), 4.16 (s, 1H), 3.89 (s, 3H), 3.73 (s, 3H), 3.66 (d, J = 6.4 Hz, 1H), 2.33 (s, 3H); 13C
NMR (101 MHz, CDCl;) 6 203.1, 156.5, 154.8, 144.4, 136.5 133.3, 129.8, 129.3, 128.6, 127.3, 124.4,
121.8,121.1, 121.0, 120.6, 117.4, 110.9, 73.7, 73.3, 55.7, 55.4, 42.9, 21.5; HRMS (ESI): m/z [M + Na]*
calcd for [CysHp¢N,04S]:537.1302, found: 537.1306; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH =
70/30, flow rate = 1 mL/min, A = 254 nm, tmajor = 14.19 min and tyiner = 13.02 min.

N-(2-(3-(3,4-dichlorophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3¢q):
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Obtained after purification by column chromatography (DCM/acetone = 50/1) as a orange solid (92 mg,
83% yield, 5:1 dr); [a]p?® =49.7 (¢ = 1.0, DCM, 93% ee); m.p. = 84.9-86.5 °C; 'H NMR (400 MHz,
CDCl;) 6 10.05 (s, 1H), 7.77 (d, J=9.2 Hz, 1H), 7.72 (d, /= 8.2 Hz, 2H), 7.33 (d, /= 8.3 Hz, 1H), 7.26—
7.19 (m, 3H), 7.16-7.10 (m, 1H), 7.03—6.99 (m, 1H), 6.79 (d, J=2.8 Hz, 1H), 5.12 (s, 1H), 4.55 (dd, J
=13.9,9.3 Hz, 1H), 4.36 (dd, J=13.9, 5.7 Hz, 1H), 3.86 (s, 1H), 3.74 (s, 3H), 3.63-3.55 (m, 1H), 2.34
(s, 3H); 3C NMR (101 MHz, CDCl;)  201.5, 155.2, 144.6, 137.3, 136.3, 133.4, 133.3, 132.9, 131.2,
130.0, 129.9, 127.3, 127.2, 123.0, 121.8, 120.8, 115.1, 74.8, 74.7, 55.7, 47.1, 21.5; HRMS (ESI): m/z
[M + Na]* calcd for [CyH»CIboN,0O,S]*: 575.0417, found: 575.0420; HPLC: Daicel Chiralpak IE, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, ty,jor = 28.162 min and tyinor = 25.732 min.

N-(2-(3-(3-bromo-4-chlorophenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cr):

3cr

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (99 mg,
83% yield, 7:1 dr); [a]p? = 5.8 (¢ = 1.0, DCM, 80% ee); m.p. = 78.4-80.0 °C; 'TH NMR (400 MHz,
CDCl;) 0 10.04 (s, 1H), 7.78 (d, J=9.2 Hz, 1H), 7.72 (d, /= 8.3 Hz, 2H), 7.38 (d, /= 2.0 Hz, 1H), 7.33
(d, J=8.3 Hz, 1H), 7.23 (s, 2H), 7.15-7.10 (m, 1H), 7.08-7.04 (m, 1H), 6.77 (d, /= 2.8 Hz, 1H), 5.11
(s, 1H), 4.54 (dd, J=13.9,9.2 Hz, 1H), 4.36 (dd, /= 14.0, 5.7 Hz, 1H), 3.83 (d, /= 5.9 Hz, 1H), 3.74 (s,
3H), 3.60 — 3.54 (m, 1H), 2.34 (s, 3H); 3C NMR (101 MHz, CDCl;) § 201.4, 155.2, 144.6, 137.4, 136.3,
133.4,133.2,131.0,129.8,127.9, 127.3,123.0, 121.9, 120.7, 115.0, 74.8, 74.7,55.7,47.0, 21.5; HRMS
(ESI): m/z [M + Na]* calced for [Cy4H»,BrCIN,O;S]": 618.9912, found: 618.9909; HPLC: Daicel
Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyyjor = 24.404 min and tyiner
= 23.146 min.

N-(2-(3-(3,4-dimethylphenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cs):
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3cs

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid (82
mg, 80% yield, 7:1 dr); [a]p?® = 25.9 (¢ = 1.0, DCM, 90% ee); m.p. = 105.5-106.2 °C; 'TH NMR (400
MHz, CDCl3) § 10.24 (s, 1H), 7.78-7.70 (m, 3H), 7.23 (d, J = 8.0 Hz, 2H), 7.10-7.06 (m, 1H), 7.00 (d,
J=17.7Hz, 1H), 6.90-6.84 (m, 2H), 6.79 (d, J = 2.9 Hz, 1H), 5.16-5.10 (m, 1H), 4.56 (dd, J=13.8, 8.6
Hz, 1H), 4.45 (dd, J=13.8, 6.4 Hz, 1H), 3.75 (d, /= 6.2 Hz, 1H), 3.66 (s, 3H), 2.34 (s, 3H), 2.19 (s, 3H),
2.17 (s, 3H); 3C NMR (101 MHz, CDCl;) 6 202.4, 154.9, 144.4, 137.6, 137.0, 136.4, 134.5, 133.7,
130.4, 129.8, 129.0, 127.3, 125.1, 122.3, 122.27, 120.5, 114.7, 75.4, 75.3, 55.5, 47.7, 21.5, 19.7, 19.4;
HRMS (ESI): m/z [M + NaJ* calcd for [CysHpN,O4S]": 535.1509, found: 535.1516; HPLC: Daicel
Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, ty,jor = 12.65 min and tyiner
=11.63 min.

N-(2-(3-(2,4-dimethoxyphenyl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3ct):

3ct

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a deep yellow solid (93
mg, 85% yield, 5:1 dr); [a]p?° = 46.8 (¢ = 1.0, DCM, 99% ee); m.p. = 76.9-78.2 °C; '"H NMR (400 MHz,
CDCl;) 6 10.28 (s, 1H), 7.75-7.68 (m, 3H), 7.22 (d, /= 7.6 Hz, 3H), 7.08-7.03 (m, 1H), 6.81 (d, /= 8.4
Hz, 1H), 6.37 (d, /= 2.3 Hz, 1H), 6.29 (d, J = 8.4 Hz, 1H), 5.20 (s, 1H), 4.71 (dd, J=13.6, 8.9 Hz, 1H),
4.35 (dd, J=13.6, 6.0 Hz, 1H), 4.04 (s, 1H), 3.85 (s, 3H), 3.74 (d, /= 0.7 Hz, 6H), 3.60 (d, /= 6.5 Hz,
1H), 2.33 (s, 3H); 3C NMR (101 MHz, CDCl;) 4 203.3, 160.7, 157.6, 154.8, 144.3, 136.5, 133.2, 129.7,
129.3, 127.3, 121.7, 121.1, 120.4, 117.5, 116.5, 104.6, 99.0, 74.0, 73.5, 55.7, 55.4, 42.9, 21.5; HRMS
(ESI): m/z [M + NaJ* calcd for [C,sH2sN,00S]*: 567.1408, found: 567.1419; HPLC: Daicel Chiralpak
IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyajor = 59.23 min.

N-(2-(3-(benzo[d][1,3]dioxol-5-yl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cu):
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3cu

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (95 mg,
90% yield, 6:1 dr); [a]p?® = 33.6 (¢ = 1.0, DCM, 91% ee); m.p. = 95.4-96.5 °C; 'TH NMR (400 MHz,
CDCl;) 6 10.21 (s, 1H), 7.76 (d, J=9.2 Hz, 1H), 7.71 (d, /= 8.3 Hz, 2H), 7.23 (d, /= 8.1 Hz, 2H), 7.13—
7.08 (m, 1H), 6.85 (d, J=2.8 Hz, 1H), 6.70 (d, J = 1.5 Hz, 1H), 6.61 (d, J = 8.0 Hz, 1H), 6.52—6.48 (m,
1H), 5.92 (s, 2H), 5.13 (d, J = 1.3 Hz, 1H), 4.53 (dd, J = 13.6, 9.0 Hz, 1H), 4.39 (dd, /= 13.7, 6.0 Hz,
1H), 3.79 (s, 1H), 3.71 (s, 3H), 3.60-3.54 (m, 1H), 2.34 (s, 3H); ¥C NMR (101 MHz, CDCl;) § 202.2,
155.0, 148.3, 147.7, 144.5, 136.3, 133.6, 130.6, 129.8, 127.3, 122.5, 122.2, 121.5, 120.7, 114.9, 108.7,
107.9, 101.4, 75.5, 75.3, 55.6, 47.8, 21.5; HRMS (ESI): m/z [M + Na]* calcd for [CysHpN,OsS]*:
551.1095, found: 551.1092; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1

mL/min, A = 254 nm, ty,jer = 51.47 min and tyine: = 43.07 min.

N-(2-(2-hydroxy-3-(naphthalen-2-yl)-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cv):

3cv

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale orange solid (99
mg, 93% yield, 8:1 dr); [a]p?® = 74.5 (¢ = 1.0, DCM, 92% ee); m.p. = 110.2-111.9 °C; 'TH NMR (400
MHz, CDCly) 6 10.22 (s, 1H), 7.78-7.68 (m, 6H), 7.54 (s, 1H), 7.50-7.45 (m, 2H), 7.32-7.27 (m, 1H),
7.24 (d, J = 8.2 Hz, 2H), 7.01-6.95 (m, 1H), 6.78 (d, J = 2.7 Hz, 1H), 5.25 (s, 1H), 4.70 (dd, J = 13.8,
8.7 Hz, 1H), 4.58 (dd, J=13.9, 6.2 Hz, 1H), 3.89 (s, 1H), 3.85-3.79 (m, 1H), 3.50 (s, 3H), 2.33 (s, 3H);
13C NMR (101 MHz, CDCl3) 8 202.2, 154.9, 144.5, 136.3, 134.5, 133.5, 133.3, 133.0, 129.8, 129.3,
127.8, 127.7, 127.4, 127.3, 126.7, 126.6, 125.1, 122.4, 122.1, 120.7, 114.9, 75., 75.2, 55.4, 48.1, 21.5;
HRMS (ESI): m/z [M + Na]" calcd for [CygHpsN,O4S]": 557.1353, found: 557.1356; HPLC: Daicel
Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, tyyjor = 47.440 min and tyiner
=39.195 min.

N-(2-(2-hydroxy-3-(naphthalen-1-yl)-4-nitrobutanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cw):
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3cw

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a pale yellow solid
(102 mg, 96% yield, 10:1 dr); [a]p?® = 8.0 (c = 1.0, DCM, 89% ee); m.p. = 102.7-103.4 °C; '"H NMR
(400 MHz, CDCl;) 6 10.24 (s, 1H), 7.92-7.74 (m, 6H), 7.68 (d, J=9.2 Hz, 1H), 7.51 (s, 3H), 7.29-7.24
(m, 2H), 7.04 (d, /= 8.1 Hz, 1H), 6.83 (s, 1H), 5.34 (s, 1H), 4.80 (s, 1H), 4.65 (s, 2H), 4.01 (s, 1H), 3.39
(s, 3H), 2.36 (s, 3H); 3C NMR (101 MHz, CDCl;) § 202.2, 154.8, 144.3, 136.3, 130.8, 129.8, 129.4,
127.4, 127.2, 126.2, 125.6, 122.8, 121.8, 114.1, 77.3, 74.8, 55.2, 21.5; HRMS (ESI): m/z [M + Na]*
calcd for [C,3H,6N,0,S]": 557.1353, found: 557.1351; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH =
70/30, flow rate = 1 mL/min, A = 254 nm, tmajor = 34.87 min and tyiner = 16.90 min.

N-(2-(3-(furan-2-yl)-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(3cx):

OMe

3cx

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (79 mg,
83% yield, 2:1 dr); [a]p? = 22.3 (¢ = 1.0, DCM, 92% ee); m.p. = 86.9-87.5 °C; "TH NMR (400 MHz,
CDCl;) 6 10.22 (s, 1H), 7.76-7.68 (m, 3H), 7.26-7.17 (m, 3H), 7.09-7.05 (m, 1H), 6.95 (d, /=2.9 Hz,
1H), 6.10 (d, J=3.2 Hz, 1H), 5.85 (d, /= 3.3 Hz, 1H), 5.28 (s, 1H), 4.70 (dd, /= 13.8, 8.8 Hz, 1H), 4.58
(dd, J=13.8, 5.5 Hz, 1H), 3.83-3.77 (m, 1H), 3.75 (s, 3H), 2.35 (s, 3H); *C NMR (101 MHz, CDCl;)
5202.2,155.1, 148.7, 144.4, 142.7, 136.4, 133.3, 129.8, 127.3, 122.3, 122.3, 121.0, 114.7, 110.7, 108.6,
73.6, 72.5, 55.6, 42.7, 21.5; HRMS (ESI): m/z [M + Na]* calcd for [C,,H,,N,OST*: 497.0989, found:
495.0987;, HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm,

tmajor = 35.56 min and tyiner = 26.75 min.

N-(2-(2-hydroxy-4-nitro-3-(thiophen-2-yl)butanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3cy):

OMe
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Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (78 mg,
80% yield, 6:1 dr); [a]p? = 15.9 (c = 1.0, DCM, 93% ee); m.p. = 92.9-93.7 °C; "TH NMR (400 MHz,
CDCl;) 6 10.23 (s, 1H), 7.77 (d, J=9.2 Hz, 1H), 7.69 (d, J= 8.4 Hz, 2H), 7.23-7.17 (m, 3H), 7.16-7.10
(m, 1H), 6.98 (d, J=2.9 Hz, 1H), 6.89-6.82 (m, 2H), 5.23 (s, 1H), 4.56 (dd, J = 13.8, 8.7 Hz, 1H), 4.35
(dd,J=13.8,5.7 Hz, 1H), 4.07 (dd, J= 8.1, 4.5 Hz, 1H), 3.75 (s, 3H), 2.33 (s, 3H); ¥*C NMR (101 MHz,
CDCl;) 6 201.7, 155.2, 144.5, 138.5, 136.3, 133.7, 129.8, 127.3, 126.7, 125.9, 122.7, 120.6, 114.4, 75.5,
75.0, 55.7, 43.5, 21.5; HRMS (ESI): m/z [M + Na]* calcd for [C,H;N,0,S,]": 513.0760, found:
513.0757; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm,
tmajor = 42.390 min and tyiner = 32.131 min.

N-(2-(3-cyclohexyl-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(Bcz):
NO,

10H

TsHN OMe

3cz

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (68 mg,
70% yield, 5:1 dr); [a]p?® = 18.9 (¢ = 1.0, DCM, 94% ee); m.p. = 81.5-82.7 °C; '"H NMR (400 MHz,
CDCl;) 6 10.30 (s, 1H), 7.78 (d, /=9.1 Hz, 1H), 7.69 (d, /= 8.3 Hz, 2H), 7.19 (d, /= 8.1 Hz, 2H), 7.16—
7.11 (m, 1H), 7.09 (d, J = 2.8 Hz, 1H), 5.22 (s, 1H), 4.24 (dd, /= 14.3, 6.5 Hz, 1H), 4.01 (dd, J = 14.3,
5.5 Hz, 1H), 3.80 (s, 3H), 3.63 (d, /= 5.0 Hz, 1H), 2.52 (d, /= 5.9 Hz, 1H), 2.34 (s, 3H), 1.93 (d, /=9.5
Hz, 1H), 1.80 (d, J = 9.4 Hz, 3H), 1.71 (d, J = 11.6 Hz, 1H), 1.28-1.13 (m, 5H); *C NMR (101 MHz,
CDCl;) 6 203.6, 154.8, 144.3, 136.2, 134.1, 129.7, 127.3, 122.1, 119.7, 114.7, 72.7, 72.0, 55.7, 46.6,
40.2, 30.9, 30.1, 26.4, 26.1, 21.5; HRMS (ESI): m/z [M + Na]" calcd for [C4H;30N,O,S]*: 513.1666,
found: 513.1670; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254

nm, tpejor = 35.34 min and tyiner = 33.23 min.

N-(2-(3-cyclopropyl-2-hydroxy-4-nitrobutanoyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide
(3cza):
NO,

+1OH

TsHN OMe

3cza

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (65 mg,
73% yield, 6:1 dr); [a]p?® = 8.2 (¢ = 1.0, DCM, 98% ee); m.p. = 76.4-77.9 °C; 'H NMR (400 MHz,
CDCl;) 6 10.32 (s, 1H), 7.81 (d, /=9.1 Hz, 1H), 7.69 (d, /= 8.3 Hz, 2H), 7.20 (d, /= 8.1 Hz, 2H), 7.17—
7.10 (m, 2H), 5.26 (s, 1H), 4.37 (dd, J=12.9, 7.3 Hz, 1H), 3.98 (dd, /= 12.9, 5.5 Hz, 1H), 3.80 (s, 3H),
3.53 (d, J= 6.2 Hz, 1H), 2.33 (s, 3H), 1.06-0.97 (m, 1H), 0.64-0.55 (m, 1H), 0.50-0.41 (m, 1H), 0.19
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(dd, J=9.7, 4.8 Hz, 1H), 0.15-0.08 (m, 1H); ¥*C NMR (101 MHz, CDCI;) 6 203.0, 155.0, 144.4, 136.4,
133.8,129.7,127.2, 122.3,122.0, 120.6, 114.9, 74.9, 74.0, 55.7, 48.2, 21.5, 12.6, 5.0, 4.1; HRMS (ESI):
m/z [M + Na]* calcd for [C,;H4N,O,S]*: 471.1196, found: 471.1198; HPLC: Daicel Chiralpak IE, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, A = 254 nm, ty,jor = 49.943 min and tyino: = 37.109 min.

N-(2-((2S,35)-2-hydroxy-4-nitro-3-phenylpentanoyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (3czb):

3czb

Obtained after purification by column chromatography (DCM/acetone = 60/1) as a yellow solid (87 mg,
88% yield, 6:1 dr); [a]p?® = 6.2 (¢ = 1.0, DCM, 52% ee); m.p. = 96.3-97.9 °C; 'H NMR (400 MHz,
CDCl3) 6 10.19 (s, 1H), 7.80 (d, /= 8.3 Hz, 2H), 7.73 (d, /= 9.2 Hz, 1H), 7.34 (d, /= 7.4 Hz, 3H), 7.26—
7.20 (m, 4H), 7.08-7.04 (m, 1H), 6.76 (d, J=2.9 Hz, 1H), 5.16 (dd, J= 5.7, 3.3 Hz, 1H), 5.08 (dd, J =
10.0, 6.9 Hz, 1H), 3.91 (d, J = 5.7 Hz, 1H), 3.62 (s, 3H), 3.55 (dd, J = 10.0, 3.2 Hz, 1H), 2.35 (s, 3H),
1.19(d, J= 6.9 Hz, 3H); 3C NMR (101 MHz, CDCls) 6 201.7, 154.5, 144.0, 138.1, 136.3, 134.0, 129.7,
129.5, 128.5, 128.4, 127.7, 122.1, 121.2, 119.7, 114.5, 82.2, 76.1, 55.5, 52.9, 21.6, 19.4; HRMS (ESI):
m/z [M + Na]* caled for [C,sH6N,O4S]*: 521.1353, found: 521.1350; HPLC: Daicel Chiralpak IA, n-
hexane/i-PrOH = 85/15, flow rate = 1 mL/min, A = 254 nm, ty,jor = 35.064 min and tyino: = 27.734 min.
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General Procedure for 4

OH c1a OH
X (5 mol%) N = OH
R OH — = R_ OH + « |
N toluene N A
! \ NHTs
Ts rt, 24 h Ts R
1a-1f 1 4

In a flame-dried Schlenk tube, a solution of diethylzinc (40 uL, 1.0 mol/L in hexane, 0.04 mmol)
was added to a solution of the chiral ligand (S,S)-La (0.02 mmol 14.1 mg) in dry toluene (2.0 mL)
under nitrogen. The mixture was stirred at room temperature for 30 min. Thus, the preparation of
C2a was finished. Then, 1a (0.2 mmol, 61.2 mg) were added. The reaction mixture was stirred for 24 h
at room temperature. The reaction was quenched with NH4Cl solution (4 mL), and the aqueous layer
was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was washed with brine and dried
over Na,SO,. The solvent was removed under reduced pressure by using a rotary evaporator. The residue
was purified by flash chromatography with petroleum DCM/acetone = 50/1 to afford the desired product
4and 1°.

N-(2-(2-hydroxyacetyl)phenyl)-4-methylbenzenesulfonamide (4a):

O
OH

NHTs
4a

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (29 mg,
48% yield); m.p. = 112.4-113.9 °C; 'H NMR (400 MHz, CDCl;) 6 11.02 (s, 1H), 7.75 (d, J= 8.2 Hz,
3H), 7.60 (d, J=7.9 Hz, 1H), 7.52 (t, J= 7.5 Hz, 1H), 7.24 (d, J = 8.1 Hz, 2H), 7.09 (t, J= 7.5 Hz, 1H),
4.78 (s, 2H), 3.38 (s, 1H), 2.37 (s, 3H); BC NMR (101 MHz, CDCl;) 6 201.2, 144.2, 140.3, 136.3, 135.9,
129.8,129.4,127.3,122.9, 119.3, 119.0, 65.4, 21.6; HRMS (ESI): m/z [M - H]- calcd for [C;5H;sNO4S]-
: 304.0649, found: 304.0647.

N-(2-(2-hydroxyacetyl)-4-methylphenyl)-4-methylbenzenesulfonamide (4b):

0
OH
NHTs
4b

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (29 mg,
45% yield); m.p. = 98.3-99.6 °C; TH NMR (400 MHz, CDCl;) & 10.73 (s, 1H), 7.62 (d, J= 8.2 Hz, 2H),
7.57 (d, J=8.5 Hz, 1H), 7.28 (s, 1H), 7.22 (d, J = 20.3 Hz, 1H), 7.14 (d, J = 8.1 Hz, 2H), 4.66 (s, 2H),
3.32 (s, 1H), 2.29 (s, 3H), 2.23 (s, 3H); ®*C NMR (101 MHz, CDCl;) 6 201.2, 144.1, 137.7, 136.8, 136.3,
132.9, 130.2, 129.7, 129.5, 127.3, 119.8, 119.3, 65.4, 21.6, 20.7; HRMS (ESI): m/z [M - H] calcd for
[Ci6H17NO,4S]: 318.0805, found: 318.0810;
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N-(2-(2-hydroxyacetyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (4c):

O

MeO OH
NHTs
4c

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (31 mg,
46% yield); m.p. = 103.4-105.9 °C; 'H NMR (400 MHz, CDCl;) & 10.20 (s, 1H), 7.66 (d, J = 9.1 Hz,
1H), 7.54 (d, J= 7.8 Hz, 2H), 7.19 (s, 1H), 7.12 (d, J = 7.8 Hz, 2H), 7.04 (d, J = 9.1 Hz, 1H), 6.93 (s,
1H), 4.54 (s, 2H), 3.72 (s, 3H), 3.20 (s, 1H), 2.29 (s, 3H); ¥*C NMR (101 MHz, CDCl3) 8 201.0, 155.6,
144.0, 136.0, 132.7, 130.2, 129.6, 127.4, 127.2, 123.2, 121.6, 121.1, 114.0, 65.4, 55.8, 21.6; HRMS
(ESI): m/z [M - H]- calcd for [CsH{7;NOsS]: 334.0754, found: 334.0756;

N-(4-fluoro-2-(2-hydroxyacetyl)phenyl)-4-methylbenzenesulfonamide (4d):

O
F OH
NHTs
4d

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (30 mg,
47% yield); m.p. = 112.5-113.9 °C; 'H NMR (400 MHz, CDCl3) § 10.62 (s, 1H), 7.81—7.76 (m, 1H),
7.67 (d, J= 8.3 Hz, 2H), 7.28 (d, J = 4.7 Hz, 1H), 7.23 (d, J = 8.2 Hz, 3H), 4.68 (s, 2H), 3.25 (s, 1H),
2.38 (s, 3H); *C NMR (101 MHz, CDCl;) 6 200.5, 157.7 (d, J = 245.7 Hz), 144.4, 136.3, 135.9, 129.8,
127.25, 123.4, 123.1, 122.4 (d, J = 8.1 Hz), 115.3 (d, J = 23.3 Hz), 65.5, 21.6; F NMR (376 MHz,
CDCl3) 8 -117.31; HRMS (ESI): m/z [M - H]- caled for [C1sH,FNO,4S]: 322.0555, found: 322.0546;

N-(4-chloro-2-(2-hydroxyacetyl)phenyl)-4-methylbenzenesulfonamide (4e):

(0]
Cl OH
NHTs
4e

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (33 mg,
48% yield); m.p. = 105.4-106.9 °C; 'H NMR (400 MHz, CDCl;) & 10.86 (s, 1H), 7.75-7.70 (m, 3H),
7.53 (d, J = 2.3 Hz, 1H), 7.50-7.45 (m, 1H), 7.24 (s, 1H), 4.75 (s, 2H), 3.28 (s, 1H), 2.38 (s, 3H); 3C
NMR (101 MHz, CDCl3) 6 200.6, 144.5, 138.7, 136.0, 135.8, 129.9, 129.0, 128.4, 127.3, 121.0, 120.1,
65.5,21.6; HRMS (ESI): m/z [M - H] calcd for [C;5H4,CINO,4S]: 338.0259, found: 338.0257,

N-(4-bromo-2-(2-hydroxyacetyl)phenyl)-4-methylbenzenesulfonamide (4f):

(0]
Br OH
NHTs
4f
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Obtained after purification by column chromatography (DCM/acetone = 50/1) as a yellow solid (33 mg,
43% yield); m.p. = 75.4-76.9 °C; TH NMR (400 MHz, CDCl;) 6 10.79 (s, 1H), 7.67-7.63 (m, 3H), 7.46
(d, J=2.4 Hz, 1H), 7.42-7.38 (m, 1H), 7.18 (d, J= 8.9 Hz, 2H), 4.67 (s, 2H), 3.24 (s, 1H), 2.31 (s, 3H);
13C NMR (101 MHz, CDCls) 8 200.6, 144.6, 138.7, 135.8, 130.3, 129.9, 129.0, 127.3, 121.0, 120.1,
65.5,21.6; HRMS (ESI): m/z [M - H] caled for [CsH4BrNO,S]: 381.9754, found: 381.9752;

N-(2-(2-hydroxyacetyl)-4-methoxyphenyl)-4-methylbenzenesulfonamide (4g):

0
OH
MeO NHTs
49

Obtained after purification by column chromatography (DCM/acetone = 50/1) as a white solid (33 mg,
43% yield); m.p. = 95.6-96.3 °C; 'H NMR (400 MHz, CDCl3) 6 11.41 (s, 1H), 7.77 (d, J= 8.3 Hz, 2H),
7.51 (d, J=9.0 Hz, 1H), 7.27 (s, 1H), 7.25 (s, 1H), 7.22 (d, J = 2.4 Hz, 1H), 6.58-6.54 (m, 1H), 4.73 (d,
J =4.5 Hz, 2H), 3.84 (s, 3H), 3.48 (t, J = 4.6 Hz, 1H), 2.38 (s, 3H); 13*C NMR (101 MHz, CDCl;) §
199.1, 165.3, 144.3, 143.1, 136.3, 131.5, 129.8, 127.3, 112.1, 109.7, 102.8, 64.8, 55.7, 21.6; HRMS
(ESI): m/z [M - H]- calcd for [CsH{7;NOsS]: 334.0754, found: 334.0753;
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Gram-Scale Reaction

OH Cla Ph
(5 mol%) NO,
OH + Ph/\/NOZ > ‘y
N DCE, 30°C, 20 h 'OH
\Ts NHTsO
1a (2.5 mmol) 2a (1 mmol) 3aa

In a flame-dried Schlenk tube, a solution of diethylzinc (0.2 mL, 1.0 mol/L in hexane, 0.2 mmol) was
added to a solution of the chiral ligand (S,S)-La (0.1 mmol 64 mg) in dry DCE (10 mL) under nitrogen.
The mixture was stirred at room temperature for 30 min. Thus, the preparation of Cla was finished.
Then, 1a (2.5 mmol, 762 mg) and 2a (1.0 mmol, 149 mg) were added. The reaction mixture was stirred
for 20 h at 30 °C. The reaction was quenched with NH,Cl solution (4 mL), and the aqueous layer was
extracted with CH,Cl, (3 x 20 mL). The combined organic layer was washed with brine and dried over
Na,S0O,. The solvent was removed under reduced pressure by using a rotary evaporator. The residue was
purified by flash chromatography with petroleum DCM/acetone = 50/1 to afford the desired product 3 in
75 yield ( 341mg, 92% ee).

Derivatization of Product

Ph OH Ph
NO NaBH, (1.2 eq.
2 4 ( q ) N02
“OH CH30H, r.t,, 24 h SH
NHTsO NHCf'S
3aa (92% ee) 5: 82% yield, 89% ee

The mixture of 3aa (45.4 mg, 0.1 mmol, 1.0 eq) and NaBH, (4.3 mg, 0.12 mmol, 1.2 eq) were add
to the CH;0H (3 mL) at 0 °C. Then, the resulting reaction mixture was stirred at room temperature for
24 h. Upon completion as shown by TLC, saturated aqueous NH4Cl (3 mL) was then added to quench
the reaction. The organic layer was extracted with DCM (3 x 5 mL), then washed with brine, dried over
Na,SO,4 and concentrated under reduced pressure. The crude reaction mixture was purified via column
chromatography (petroleum ether/ethyl acetate = 1/1) on silica gel to afford pure product 5 as a white
solid in 82% yield.
N-(2-((2S,35)-1,2-dihydroxy-4-nitro-3-phenylbutyl)phenyl)-4-methylbenzenesulfonamide (5):

OH Ph
NO,

NHTS
5

White solid in 82% isolated yield (37.4 mg); [a]p?® =-21.3 (¢ = 1.0, DCM, 89% e¢); m.p. = 50.2-51.4
°C; 'TH NMR (400 MHz, DMSO) 6 9.48 (s, 1H), 7.65 (d, J = 8.3 Hz, 2H), 7.35-7.29 (m, 4H), 7.27 (d, J
=7.0 Hz, 1H), 7.24-7.20 (m, 2H), 7.17 (d, J = 7.6 Hz, 1H), 7.15-7.08 (m, 2H), 7.04 (t,J = 7.2 Hz, 1H),
6.03 (s, 1H), 5.93 (s, 1H), 5.06 (dd, J=13.3, 4.5 Hz, 1H), 4.88 (dd, /= 13.3, 10.9 Hz, 1H), 4.55 (d, J =
6.3 Hz, 1H), 3.90-3.82 (m, 1H), 3.60 (dd, J = 10.6, 4.7 Hz, 1H), 2.35 (s, 3H); 3C NMR (101 MHz,

DMSO0) 6 143.8, 139.4,137.5,135.9, 134.4,130.2,129.3, 128.9, 128.8, 128.2, 127.6, 127.4, 124.6, 121 4,
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77.6, 76.8, 72.2, 46.3, 21.5; HRMS (ESI): m/z [M - HJ calcd for [Cy3H,4N,O6S]*: 455.1282 found:
455.1283; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, A = 254 nm,

tmajor = 14.93 min and tyine = 12.03 min.

Ph
NO, (HCHO), (2.5 eq.), TFA
“OH DCM, rt., 5h
NHTsO
3aa (92% ee) 6: 76% vyield, 90% ee

The mixture of 3aa (45.4 mg, 0.1 mmol, 1.0 eq), (HCHO)n (25.2 mg ,0.25 mmol, 2.5 eq) and TFA
(25.5 mg ,0.25mmol, 2.5 eq) were add to the DCM (2 mL) . Then, the resulting reaction mixture was
stirred at room temperature for 24 h. Upon completion as shown by TLC, the solvent was evaporated
and the mixture was directly purified by column chromatography on silica gel eluting with petroleum
PE/EA = 4/1 to afford product 6 as a white solid in 76% yield.

(3'R,4'S)-5"-nitro-4'-phenyl-1-tosyl-1,2,3',4',5',6'-hexahydrospiro[benzo[d][1,3]oxazine-4,2'-
pyran]-3'-ol (6):

N
0 O

“'Ph
~© oH

TsN
yellow solid in 76% isolated yield (36.5 mg,); [a]p?® =-42.7 (¢ = 1.0, DCM, 90% ee); m.p. = 45.2-46.4
°C; 'TH NMR (400 MHz, DMSO) 4 7.79 (d, J = 8.3 Hz, 2H), 7.43 (d, J= 8.5 Hz, 3H), 7.24 — 7.17 (m,
2H), 7.06 — 7.01 (m, 3H), 6.99 (t, J = 7.6 Hz, 1H), 6.90 — 6.85 (m, 2H), 5.81 (d, /= 10.8 Hz, 1H), 5.22
(d, J=14.3 Hz, 2H), 5.11 (dd, /= 13.4, 5.2 Hz, 1H), 4.99 — 4.88 (m, 2H), 4.44 (d, /= 6.3 Hz, 1H), 2.36
(s, 3H); 3C NMR (101 MHz, DMSO) é 145.0, 137.2, 136.9, 135.8, 130.7, 129.9, 128.8, 128.1, 128.0,
127.8,127.6, 125.1, 123.7, 121.0, 101.7, 95.1, 85.5, 77.6, 72.3, 42.7, 21.5; HRMS (ESI): m/z [M + H]*
calcd for [C,5sH,4N,0,S]: 497.1382, found: 497.1390; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH =
90/10, flow rate = 1 mL/min, A = 254 nm, ty,jor = 12.13 min and tyine: = 13.90 min.

Ph 0
NO, TsCl (1.1 eq.), NEtg ‘ NG,
OH DCM, r.t, 0.5 h [ INs o
NHTsO Ts
3aa (92% ee) 7: 91% yield, 89% ee

The mixture of 3aa (45.4mg, 0.1 mmol, 1.0 eq) and NEt; (0.5 mL) were add to the DCM (2 mL)
under nitrogen. The mixture was stirred at room temperature for 30 min. Then, TsCl (42 mg, 0.11 mmol,
1.1 eq) were added. The reaction mixture was stirred for 0.5 h at room temperature. Upon completion as
shown by TLC, saturated aqueous NH4Cl (3 mL) was then added to quench the reaction. The organic

layer was extracted with DCM (3 x 5 mL), then washed with brine, dried over Na,SO, and concentrated

S23



under reduced pressure. The crude reaction mixture was purified via column chromatography (petroleum
ether/ethyl acetate = 1/1) on silica gel to afford pure product 7 as a yellow solid in 89% yield.
(R)-2-((S)-2-nitro-1-phenylethyl)-1-tosylindolin-3-one (7):

O
N -
Ts Ph
7

yellow solid in 91% isolated yield (39.7mg); [a]p*° =-38.9 (¢ = 1.0, DCM, 89% ee); m.p. = 67.9-69.3°C;
'H NMR (400 MHz, CDCl;) 6 8.11 (d, J = 6.5 Hz, 1H), 7.80 (d, J = 8.3 Hz, 2H), 7.55 (t, J = 6.8 Hz,
1H), 7.47 (d, J= 7.2 Hz, 1H), 7.39 (t, J=7.6 Hz, 1H), 7.25 (d, J = 8.1 Hz, 2H), 7.19 (s, 1H), 7.16-7.09
(m, 3H), 6.85-6.78 (m, 2H), 5.40-5.33 (m, 1H), 4.92 (d, /= 7.3 Hz, 1H), 3.48 (d, /= 6.0 Hz, 1H), 2.38
(s, 3H); 3C NMR (101 MHz, CDCls) 6 196.7, 147.3, 145.0, 139.3, 136.8, 135.3, 135.2, 131.0, 130.1,
129.8, 129.6, 128.4, 128.3, 128.6, 127.8, 127.6, 76.6, 53.7,29.7, 21.7; HRMS (ESI): m/z [M + H]* calcd
for [Cy3H,oN,O5S]*: 437.1166, found: 437.1170; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30,

flow rate = 1 mL/min, A = 254 nm, tyyjor = 26.49 min and tyiner = 34.79 min.

Ph NO, AcCl (1.1 eq.), NEt3 o P
’ . = NO,
"'OH DCM, rt., 4 h
NHTsO NHTs
3aa (92% ee) 8: 91% yield

The mixture of 3aa (45.4 mg, 0.1 mmol, 1.0 eq) and NEt; (0.5 mL) were add to the DCM (2 mL)
under nitrogen. The mixture was stirred at room temperature for 30 min. Then, AcCl (9 mg, 0.11 mmol,
1.1eq) were added. The reaction mixture was stirred for 4 h at room temperature. Upon completion as
shown by TLC, saturated aqueous NH4Cl (3 mL) was then added to quench the reaction. The organic
layer was extracted with DCM (3 x 5 mL), then washed with brine, dried over Na,SO,4 and concentrated
under reduced pressure. The crude reaction mixture was purified via column chromatography (petroleum
ether/ethyl acetate = 1/1) on silica gel to afford pure product 7 as a white solid in 91% yield.
(E)-4-methyl-N-(2-(4-nitro-3-phenylbut-2-enoyl)phenyl)benzenesulfonamide (8):

O Ph
= NO,

NHTs
8
White solid in 91% isolated yield (39.7 mg,); m.p. = 32.2-33.4 °C; '"H NMR (400 MHz, CDCl3) 8 7.97
(d, J=17.9 Hz, 1H), 7.79-7.74 (m, 1H), 7.70 (d, J= 7.2 Hz, 3H), 7.54-7.48 (m, 2H), 7.46 (d, /= 7.8 Hz,
2H), 7.38 (t, /= 7.4 Hz, 1H), 7.24 (d, J = 8.3 Hz, 2H), 7.05 (d, J = 8.1 Hz, 2H), 6.90 (s, 1H), 2.32 (s,
3H); 3C NMR (101 MHz, CDCl;) 8 184.6, 145.5, 144.0, 139.1, 136.3, 135.6, 134.5, 134.3, 131.7, 130.3,
129.5, 129.2, 128.8, 128.7, 128.6, 127.3, 125.4, 53.0, 21.5; HRMS (ESI): m/z [M + H]" caled for
[C3HpN,O5S]*: 437.1166, found: 437.1168.
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Control Experiment

OH (RR)-C1a Ph, o
10 mol% - NO
N DCE, 30 °C OH N
Ts 4h NHTsO Ts
1a 2a enti-3aa 3S-1a’

90% vyield, 3/1 dr, -92% ee 47% yield, -98% ee

In a flame-dried Schlenk tube, a solution of diethylzinc (40 uL, 1.0 mol/L in hexane, 0.04 mmol)
was added to a solution of the chiral ligand (R,R)-La (0.02 mmol 14.1 mg) in dry DCE (2.0 mL)
under nitrogen. The mixture was stirred at room temperature for 30 min. Thus, the preparation of
Cla was finished. Then, 1a (0.5 mmol, 152.6 mg) and 2a (0.2 mmol, 29.83 mg) were added. The
reaction mixture was stirred for 4 h at 30 °C. The reaction was quenched with NH4Cl solution (4 mL),
and the aqueous layer was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was washed
with brine and dried over Na,SO,. The solvent was removed under reduced pressure by using a rotary
evaporator. The residue was purified by flash chromatography with petroleum DCM/acetone = 50/1 to
afford the desired product enti-3aa and 35-1a’.

P (R,R)-Cla Ph.. ~No
0 2
. N0, (10 mol%)
OH Ph o o
N DCE, 30 °C OH
Ts 8h NHTsO
3R-1a' (99% ee) 2a enti-3aa
0.2 mmol 0.2 mmol 78% yield, 3/1 dr, 99% ee

In a flame-dried Schlenk tube, a solution of diethylzinc (40 uL, 1.0 mol/L in hexane, 0.04 mmol)
was added to a solution of the chiral ligand (R,R)-La (0.02 mmol 14.1 mg) in dry DCE (2.0 mL)
under nitrogen. The mixture was stirred at room temperature for 30 min. Thus, the preparation of
Cla was finished. Then, 3R-1a’ (0.2 mmol, 61.5 mg) and 2a (0.2 mmol, 29.83 mg) were added. The
reaction mixture was stirred for 8 h at 30 °C. The reaction was quenched with NH4Cl solution (4 mL),
and the aqueous layer was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was washed
with brine and dried over Na,SO,. The solvent was removed under reduced pressure by using a rotary
evaporator. The residue was purified by flash chromatography with petroleum DCM/acetone = 50/1 to
afford the desired product enti-3aa.

OH 0

(RR)-C1a
©jg70H + H>0 (10 mol%) OH
N o
\ DCE, 30°C
’ NHT
Ts 4h S
3R-1a’' (99% ee) 0.2 mmol 4a: 93% yield
0.2 mmol

In a flame-dried Schlenk tube, a solution of diethylzinc (40 uL, 1.0 mol/L in hexane, 0.04 mmol)
was added to a solution of the chiral ligand (R,R)-La (0.02 mmol 14.1 mg) in dry DCE (2.0 mL)

under nitrogen. The mixture was stirred at room temperature for 30 min. Thus, the preparation of
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Cla was finished. Then, 3R-1a’ (0.2 mmol, 61.5 mg) and H,O (0.2 mmol, 3.6 mg) were added. The
reaction mixture was stirred for 4 h at 30 °C. The reaction was quenched with NH,Cl1 solution (4 mL),
and the aqueous layer was extracted with CH,Cl, (3 x 5 mL). The combined organic layer was washed
with brine and dried over Na,SO,. The solvent was removed under reduced pressure by using a rotary
evaporator. The residue was purified by flash chromatography with petroleum DCM/acetone = 50/1 to
afford the desired product 4a.
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NMR Spectra of compounds 3, 4,5, 6,7 and 8

'H NMR spectrum of compound 3aa (CDCls, 400 MHz)
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'H NMR spectrum of compound 3ba (CDCl3, 400 MHz)
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'"H NMR spectrum of compound 3¢a (CDCl3, 400 MHz)
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10.47

'H NMR spectrum of compound 3da (CDCl3, 400 MHz)
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19F NMR spectrum of compound 3da (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 3ea (CDCl3, 400 MHz)
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'"H NMR spectrum of compound 3fa (CDCl;, 400 MHz)
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'H NMR spectrum of compound 3ga (DMSO, 400 MHz)
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'H NMR spectrum of compound 3¢b (CDCl;, 400 MHz)
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I9F NMR spectrum of compound 3¢b (CDCls, 400 MHz)
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'"H NMR spectrum of compound 3ce (CDCls, 400 MHz)
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'H NMR spectrum of compound 3ed (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 3ce (CDCl;, 400 MHz)
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10,23

'"H NMR spectrum of compound 3e¢f (CDCl;, 400 MHz)

—234

JL,,J'“““JU@‘HJi

J L
by Uy pg L b AP Y
s o oddm L ga fen =
8 2 2280 =} S o A5 = =}
= 5 Ammao = EE SRS -
1.5 1L0 105 10.0 9.5 9.0 8.5 &80 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 Lo 0.5 0.0 0.5
£1 (ppm)
13C NMR spectrum of compound 3¢f (CDCl3, 400 MHz)
% Mﬁ % < e 00 - =3
o g o ] na 3 E
o now wy Ll st [ _
& —_ = - nown o
| el “ N
OMe
Iy I
i ! | 1
i [ | [ I ’ \
- _ -
MWQL-‘MML‘ e i v e
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 ) T0 60 50 40 30 20 10
£1 (ppm)

540



'"H NMR spectrum of compound 3¢g (CDCl3, 400 MHz)
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'H NMR spectrum of compound 3ch (CDCl;, 400 MHz)
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19F NMR spectrum of compound 3¢ch (CDCls, 400 MHz)

%

g
i

T
-90

T T T T T T T
-100 -110 -1200 -130 140 1500 160
£1 (ppm)

S43

T T T T T
-170  -180 190 -200 210



'H NMR spectrum of compound 3¢i (DMSO, 400 MHz)
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—10.13

'"H NMR spectrum of compound 3¢j (CDCl;, 400 MHz)
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'H NMR spectrum of compound 3¢k (CDCl;, 400 MHz)
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'H NMR spectrum of compound 3¢l (CDCl;, 400 MHz)
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'H NMR spectrum of compound 3em (CDCl;, 400 MHz)
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'H NMR spectrum of compound 3¢n (DMSO, 400 MHz)
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'"H NMR spectrum of compound 3co (CDCl3, 400 MHz)
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'H NMR spectrum of compound 3¢p (CDCls, 400 MHz)
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'H NMR spectrum of compound 3eq (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 3cr (CDCls, 400 MHz)
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'"H NMR spectrum of compound 3¢s (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 3¢t (CDCls, 400 MHz)

2 <
L2 i)
7 3 T
o
= 3 Fe
o
|2 o
4
=
-2 .
L 1g— i g
= B Lo
IE M N
L T
b | e S smw— =I5y
a5'E e
i - 8
o LESS
wLE “ < Ear —
: o 9955
SBE o A re
9 . p—
PO i O
34
el | = A T Fe
95 < @] _c.ﬁv || i
86 ~
2P | o - =

; < (2
%) 3
pL F2 ..m I
0Ts— = =

1S (m Q 10°66— — =
g o =
w m FORO1— e
8C9 L= . -
oy g 8 S
g0 - 4 %

xV 960 [ 1w rm AR —— o
% < CINTARS e Fs
89 - =050 | _ g wie’

g =101 m 98'LE1~— - — [
€T & - =67 = Sa iy =

o [&]

69¢ = 9] -
0L ¢ —————  ELGT o r M

17

4% Le T |- ]
b " a7 2
&

ke Z TBYS 1~ —
01— - L2
£L001-— -— £

<
- (=]
o e
o

| = F&
| = =
01— — roorf re
LS =
= =
= ra

~ £EE0T— ——

@ s
| = M=
|
| )

S55

£1 (ppm)



'H NMR spectrum of compound 3cu (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 3ev (CDCl3, 400 MHz)
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'H NMR spectrum of compound 3ew (CDCls, 400 MHz)
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'"H NMR spectrum of compound 3ex (CDCl3, 400 MHz)
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'"H NMR spectrum of compound 3¢y (CDCl3, 400 MHz)

EE0T—

o
=
@)

3cy

=F0'E

n

Lo0E
=01
rEO
gy

=01

ShoT
o1
i
oz

£l
801

=001

10.0

1L0 10.5

1.5

L0

£1 (ppm)

BC NMR spectrum of compound 3¢y (CDCl;, 400 MHz)

6F 12—

B er—

oLrss—

POSL~
wwsL

WA
0E1

8E'9El
mm.mm_.\1

o1

6185 1—

1L 100

o
=
@)

10

20

T T T
120 110 100 90 80

T
130

T
180

T
220

T
230

£1 (ppm)

S60



'"H NMR spectrum of compound 3¢z (CDCls, 400 MHz)
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'"H NMR spectrum of compound 3¢za (CDCls, 400 MHz)
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'"H NMR spectrum of compound 3¢zb (CDCl3, 400 MHz)
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'H NMR spectrum of compound 4a (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 4b (CDCl3, 400 MHz)
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'H NMR spectrum of compound 4¢ (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 4d (CDCl3, 400 MHz)
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I9F NMR spectrum of compound 4d (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 4f (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 4g (CDCl;, 400 MHz)
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'H NMR spectrum of compound 5 (DMSO, 400 MHz)
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'H NMR spectrum of compound 6 (DMSO, 400 MHz)
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'TH NMR spectrum of compound 7 (CDCl;, 400 MHz)
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'"H NMR spectrum of compound 8 (CDCl;, 400 MHz)
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HPLC spectra of compounds

HPLC spectra of compound 1 and 3

YWD1 A, Wavelength=254 nm (ZYH\1A-RAC D)
nAl ]
250 -
200 é@@
i
ont
150
=
=
Lo}
100
50
0 —
], T T: T
rac-1a 5 10 15 20 mo
Area Percent Heport
Sorted By 3 Signal
Multiplier ; 1.0000
Dilution H 1.0000
Sample Amount = 1.00000 [ngful] {not used in calec.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAD ] ]
|
: 9.581 MM 9.809%08 160.45258 50.2902
2 13.414 BB 6.98437 116.81078 49.7098
Totals : 1.25468=4 277.26336
YWD1 A, Wavelength=254 nm (ZYH\0520-02-CAT.D)
nAl ]
140
120
100 - &
1;9
B,
0 R
60
OH o
20+
N o S 3
T T T
\ 5 i1] 15 nn

Area Percent Report

H Signal
3 l1.0000
z 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal l: VWDl A, Wavelength=254 nm

Feak R
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T

3S-1a’

VWO &, Wavelengh=254 nm (ZTHEN T-1ALCAT D)
nAl ]
180 |
140 4
120
100
B0
B0 o 8
m
o
40
20
o S
T T T
5 10 15 20 nirf
Area Percent Report
Sorted By L Signal
Multiplier - 1.0000
Dilutien x 1.0000
Sample Amount 5 1.00000 [ng/ful] {not used in calec.)
Uze Multiplier & Dilution Factor with ISTD=
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAD *g [mAD 1 %

0.7272 2249.02026

1 13.333 BB

42_858%6 100.0000

Totals : 2249.02026 42_85896
00
o8
018
on
on2
10
e
008
rac-1b e
o
000
am
oo
R SR TRAET ST TRRET T & s f0 m 2 1 1 15 . 1 S
T
it 2 X
[ | | TimeTatle |
Vo Retenton Time PearAwa Pear Haight Peak Mealh) Pk i PearTioe
17u 2297 46733 5046% 295 68
21608 2858748 4983 a95a% 3547 88
Total STT1.045 8T8 100 00%
028
0z
0.2¢
on
020 :
OH \
018
01
0.12
OH
0s8
N o
\ 00¢
Ts
080
1b’
0
0 2 4 2 4 5 L] 7 ® " " 12 3 12 15 19
Timeiin
w1 340
| Integration Aimsut | Caeulation Fiesu| TimeT able |
No. Retention Time PeakArea Peak Haight PeakArea(%) Peak Width Peak Type
1222 6205197 100823 9950% 3789 88
21628 3579 656 050% 1356 88
Total 6316.778 101579 100.00%
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rac-1c

002

Votage(u)

ANUAN

#»1 140

18 18 2 2
Tme (i)

Integuation Resul | Calculation Resuk| TmeT able |

No Retention Time Peakares

1708357
1669545
Total 3,375,902

Peak Height

PeakArea(%)

50.55%
49.45%
100.00%

Peak Wigth

3631 BB
4738

PeakType

OH
MeO

OH

Ts
1c

[ 2 ] & 8 10

w3 2P0

u % 2 2 2R U
Time{Min}

Integration Resul | Calculation Resub | TimeTable |

[ Retention Time PeakArea
1359

2 19.38 5151

Total 4599.402

Peak Heignt
57626
188
57814

PeakArea(%)

99.89%
0.11%
100.00%

PeakWidth
4719 B8
1573 B8

Peak Type

rac-1d

002

[} 2 4 [

et t 40

18
Time(Min)

Integration Flesult | Caicustion Resuk| TimeTatie |

No. Retantion Time Peakarea
993 2518075
2 18.40 2455168
Total 4973243

Peak Height
50702
20320
79,022

PeakArea(%)
50.63%
49.37%
100.00%

Peak Wiath
2858 BB
4128 BB

Paak|

OH

OH

Ts
1d'

Mol It B

" 18 18 20
Time(Min)

Integration Fesut | Calculstion Resut | TineTable |

No. Retention Time Peakarea

Peak Height

PeakArea(%)

2461784
21871 159197
Total 2,620,981

2183
50415

93.03%
5.07%
100.00%

Peak Wiath
3.066 BB
2636 BB
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rac-le

02

0 2 4 L
adhadb I 0 L)

5
Time(lin)

2

Integiation Resul | Calculation Resut| TimeTable |

No Retention Time PeakArea
n4 31705600

22015 31442024

Total 63,147,624

Peak Height
563521
246176
809,607

Peak Area(%)
5021%

49.79%

100.00%

Peak Widih

2904 BB
5.298 BB

PeakT|

OH
Cl

OH

Ts
1e

028
026
[
022
020
018
016
01s
012
0.10
008
006
004
002

Voltage(y\)

004
006
008

o z 4 G
et it HO0

16
Time(Win)

2

Intsgration Flesu | Calcuistion Resut | TeneTable |

No. Retention Time PeakArea
1158 4177917
2 2099 191488
Total 4389415

Peak Height
69465
2616
72081

PeakArea(%)
95.62%
4.38%
100.00%

Peak Width

3918 BB
2258 BB

rac-1f

“n3tpo

[ imegraion Resut | Catcutstion o] TimeTatle |

No Retention Time PeakArea
1242 432615

22182 427845

Total 860,461

Peak Height
7028
4084
1,082

PeakArea(%)
50.28%
49.72%
100.00%

Peak Width

2603 BB
48621 BB

Peak Ty

OH
Br

OH

Ts
1f

wiT6s8 che

Vokage(LV)
8

@t 0

18 18
Time{Min}

Indegration Resu | Colculstion Resut| TimeTatie |

No Retention Time PeakArea
1223 4026491
22206 320163
Total 4346654

Peak Height
63550

3267
66,826

PeakArea(%)
9263%

737%
100.00%

Peak Width

3525 B8
373388

Peak Typ:
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VWD A, Wavelength=254 nm (Z¥H\D416-¥-RALC-ID 0}
Al 7]
175
150 :
125
100
g
754 ]
50
25
rac-1g 4 i ;
T T T T T T T T
5 10 15 20 25 30 35 40 nirj
Area Percent Report
: Signal
z 1.0000
E l1.o0000
ple Amount H 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with I3TDs
Signal 1: VWDl A, Wavelength=254 nm
Width Brea Height Area
miU ] )
———————— J==mmmmme|
0.5478 5269.2BB57 141.58233 49.8043
1.2017 5310.70801 65.13427 50.1957
Totals : 1.05800=4 206.71720
VWD A, Wavelength=254 nm (ZYH0418-Y-CAT-ID.0}
mAl 7]
100 s
80
B0 -
40
204
OH ; SR
MeO \ ; . , . . ‘ - :
TS 5 10 15 20 25 30 35 40 nry
19' Area Percent Heport
Sorted By . Signal
Multiplier = 1.0000
Dilution 3 l1.o0000
Sample Amount : 1.00000 [ng/ul] {not used in calc.})

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Brea Height Area
£ [min] [min] mAD *s [mAO 1 %

1 18.005 VB 0.5403 3477.87988 94.43565 100.0000

)

Totals : 3477.87988 94.43565
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VWD A, Wavelength=254 nm (ZYHSAA-RAC.D)
nAl ]
350 4
300 »
&
P
&
250-] R
200
150
100
50
rac-3aa ! .P\ . — :
10 20 30 40 nirf
Area Percent Report
Sorted By : Signal
Multiplier = 1.0000
Bilution H 1.0000
Sample Amount : 1.00000 [ng/ul] {not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
*s [mAD 1 %
===} =1 |
1 27.282 MM 0.9631 1.40864e4 243.75916 51.5936
2 3B.18B8B MM 1.4453 1.32162e4 152.40382 4B.4064
Totals : 2.7302¢624 396.16228
VWD1 A, Wavelength=254 nm (ZYHZAA-CAT.D)
nAl
1404
120
100
804
60
B
Ed
40
NO,
‘
. I | A
OH
NHTS() 10 20 30 40 nn
3aa Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ful] {not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
me Type Width Area Height Area
£ [min] [min] mAU s [mAU 1 %
e e e e o o | il | =l |
1 27.727 MM 0.B538 140.91402 2.75071 4.0435
2 3B.752 BB 1.2288 3344 .06616 40.97520 95.95
Totals : 3484 98018 43.72592
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WWD1 A, Wavelength=254 nm (ZYHENTI-3AA-CATD)
nAll ]
1754
150
1254
100
75 §
]
Ph y
/s
‘ e
o
NO, g
_.-kA-\—l\- ol
OH = ol
T T T T
NHT 10 20 30 40 min|
entl'3aa Rrea Percent Report
Sorted By : Signal
Multiplier = 1.0000
Dilution z 1.0000
Sample . 1.00000 [ng/ul] {not used in cale.)
Use Mu & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height hrea
$ [min] [min] *s  [mAD ] %
—— == e e e e
1 27 0.8768 3027.93872 51.59699 96.8323
2 39.405 MM 0.9001 97.44121 1.80431 3.1177
Totals : 3125.37993 53.40130
1
01z
o.10
Em
3b -
0
002 Ao I
o
° 2 4 6 B W 12 W 6 8 P 2 N W 2B/ W ! M W B 0 & 4 8 48
Tine{in}
LRI )
| & | TmeTabis |
Ho. Retention Time PeakArea Peak Height PeakArsal%) Peak Widih Peak Type
2484 1570171 2077 50.85% 2918 B8
23720 1517708 18501 49.15% 4557 B8
Total 3,0872880 0478 100.00%
26008 che.
2t
010
(13
Me -
w07
Ph g
H
N02 gor
z -
oos
‘
7/,
OH 004
NHTsO
o2
3ba 0 2 4 & 8 W 12 W 1w B N 2 24 6 B W R M B B 0 2 4 4 48 0 2 5
Timeiin)
it Ik B )
Integration Resul | Calcutation Resut| TimeTatis |
No Retention Time FeakArea Peak Height Peak Areai’%) Peak Width Peak Type
2468 73765 1214 682% 2475 88
2 3805 1008321 10498 93.18% 595 88
Total 1.082,088 "2 100.00%
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rac-3ca

wiTZ98.che

003

001 =

s H 0 12 1 s 1 2 ) = 2
Tenequin)
Ll I 2 )
Irteraion Resul | Catoutshon Resut | TimeTabie |
o Retention Time PearArea Peak Heignt PeakArea®) Peak Widh Peak Tyme
265 232172 3975 88
22690 238771 1914 5070% 4705 BB
Tota 470043 4010 10000%
008
005
OMe
Ph < o0m
N 02 ; [T
oot
’
(o]
H o0
NHTsO ol Mo :
3ca o0z
6 8 0 12 " 1% 18 2 2 z- P B ] 2
Timedin)
hadhadi IR 20 )
|| imeguaton Resui | Coloutstion Resust| TmeTatts |
No Retention Time PeakArea Peak Height PeakArea(’) Peak Width Peak Trpe
a3 10716 174 0.54% 1758 BB
22507 1983550 14664 99.45% 6673 88
Total 1,094,376 14838 100.00%
0.10
008
0.06
%
; 004
rac 3da " M e o
0.00
002
6 8 10 12 14 18 18 20 2 24 28 30 R k1) 3%
Tmein)
st ido
Indegrsiion Result | Calculabon Resut| TimeT able |
No Relenton Time. PeakArea Peak Height PeakAreal®) Peak Width Peak T,
2151 356728 2 4936% 4798 B8
2 2668 367961 2328 5064% 4832 B8
Total 726,689 4854 10000%
0.08

0 2 ! s 0 12 14 8 18 2 2 u P
Time(Win)
“++#t tH0
[ rtsgraion Resul | Caluiaion Resu| TieTabe |
HNo. Retenlion Time PeakArea L _Peakhrea(®)
2110 2178 0.30%
22659 919911 5918 9970% 5984 B8
Total 922689 5033 10000%
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rac-3ea

004

e+rttdo

2 0 2 u
Tene(Min}

Integration Resul | Calculabon Resut| TemeTatie |

Ho. Retention Time

Total

PeakArea
1351364
1286756

2,848,120

Peak Height
495¢

5580
10538

PeakArea(%)
5141%
4859%
100.00%

PeakWidh |
7487 BB
8252 BB

Cl

Ph
NO,

NHTsO
3ea

002

[] 2 4

St i H0

2 %
Time(Min)

Integration Result | Calcultion Fesul| TimeTable |

No. Retention Time
2356
2313

Paakarea
77
1187248
1,198,022

Peak Height

5075
5,157

Peak Area(%)
0.06%
99 94%
100.00%

Peak Width
2033 BB
7442 BB

Peak

rac-3fa

0.028
0.026
0.024
0.022
0.020
Zoom
£ 0016
0.014

0.012

0.006

“mJ\,“_ﬁgfpn__m*_*ﬂi::h‘gzﬁt*

“ntido

% 38 40 2
Time i)

Integrafion Resul | Caiculsion Fesut] TimeTable |

No. Refention Time

Total

PeakArea
91406

Peak Height
446
385
81

PeakArea(%)
48.24%
51.76%
100.00%

Peak Widih
7.308 BY
9.095 VB

Peak Type

Br

Ph
NO,

NHTsO
3fa

0038
0036
003
0032
0030
0.028
0026

} 0.02¢

Z ooz
0020
00s
0016
onme
o012

0010 N

o008

12 1

ot 2 R )

u
‘Time{in)

Irtegration Fesult | Calculation Resut | TimeTable |

Ho Retention Time
2994
23608
Total

PeakArea
45
784988
785934

Peak Height
101

2287
2388

PeakAreal%)
0.12%

9088%

10000%

Peak Width
2456 8B
11209 BB

Peak Type|
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YWD1 A, Wavelength=254 nm (ZYH\D41B--1-RAC.D)
nAl ]
100+
a0
g
3
60 & Z
&
40+
204
3 . . .
rac-5ga ; ; . .
5 10 15 20 25 30 nn
Area Percent Report
Sorted By . Signal
Multiplier : 1.0000
Dilution 3 1.0000
Sample Amount . 1.00000 [ng/ul]  (not used in cale.)
Use Multiplier & Dilution Factor with ISTDs
signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# in] [min] *s  [mAU ]
il ko e e e e i | ety I
1 15.48B2 BB 0.9477 3933.30894 59.71409% 50.2130
2 23.0%4 BB 1.1104 3900.532%6 50.03833 49.7870
Totals : T834.44183% 109.75242
VWD A, Wavelength=254 nm (ZYHI0418--1-CAT.D)
nil 7]
175
150 4
125 5
100 -
754
MeO Ph NO 0
257 &
, 2
‘'OH g
0]
NHTsO - ARGE ‘
5 10 15 20 25 30 bl |
3ga
Area Percent Report
Sorted By . Signal
Multi: H 1.0000
Dilution H 1.0000

Sample Amount
Use Multiplier & Dilution Factor with ISTDs

Signal 1: YWDl A, Wavelength=254 nm

Peak RetTime Type
in]

Area Height Area
[mAU 1 3

162.53969 2.68320 1.9654

2 21.986 BB 0.9512 8107.35889 120.90555 98.0346

Totals : 8269.89857 123.5B875

1.00000 [ng/ul] {not used in calec.)
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rac-3cb

000
002
o 2 4 L] 8 " 12 " 1% 13 20 2 k-] 2 B » k- 40 42
Twe(Mi)
padhadi 2R 3 )
Integration Rexul | Calcuision Resud | TimeT atle |
o Retention Time. PeakArea Peak Height PeakAreal) Peak Widih Peak Tipe
2662 809975 7278 50.30% 4948 88
23357 800194 o797 4970% 5038 88
Total 1610169 14,075 100.00%
wiggEihe
w2
010
008
o 2 4 L] 8 10 12 14 1% 1°® 20 u » 2 M » £l “0
Temeittin)
Rl . L)
Integsation Resul | Calculstion Resub| TimeTatle |
No. Retention Time PeakArea Peak Haight PeakArea(%) Paak Wiath Peak Type
2673 101 208% 2872 88
2317 23148 o7.02% 6243 88
Toal 24.157 100.00%
014
or
010
008
3 - :
00
0e2
e —
000
°o z 4 & 8 1 12 1w 18 18 » = 2 W B W T % B B 4 a
Teme(hin}
padhadi IR I )
[ irtegration Resut | Caleuiation Resut| TmeTable |
No Retanton Time. Peakarea Peak Helght PeakArea®) Peak ian PeakType
| 2545 2219607 19302 4826% 573 B8
221 2379704 2121 5174% 4548 B8
Total 459931 40573 100 00%
0.08
008
Qo7
008
%nm
Sam
003
g TETE, I SO -
PO
L
000
3cc
o 2 4 s 8 v 12w % 18 0 2 24 8 2 % 2 M B B
T ()
=t i g0
Intografion Resukt | Calculstion Resus| TimaTatle |
Ho Relention Time. PeakArea Peak Helght PeakAreal®) Peakvidn Peak Type
2818 65400 858 376% 2875 88
FELES) 1702053 14593 96.24% 6901 88
Total 1768459 15,451 100.00%
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rac-3cd

008

00e

002

° 2 ‘ s 8 0 12 . . 8 o 2 u

et 8 3 X}

E
Tine(in)

| Integuation Resul | Calcudstion Rszut | TimeTabis |
e Retention Time Peakarea Peax Heignt PoakArears) Peaxwian
2787 705962 6381 48.82% 4783 B8
23415 740150 6982 51.18% 3877 B8

I totat 1.446.132 13383 100.00%

PeaxType

3cd

-

0 2 4 6 B W 2 W 16 W W R # ¥ B N RN M ¥ ¥ N &

“ ® ® W R M %

Tme(Mn )
1 ido0
Infegration Result | Calculsion Resut| TimeTabls |
No. Retention Time. Peakarea Peak Height PeakAreal) Peak Vidh Peak Type
FiEs 2171 100 021% 2235 88
200 1014773 8716 9979% 6293 88
Total 1016944 8816 100.00%
08
oo
%ao-
2
3 om
om
oo R ey

3ce

0 2 4 6 8 1 12 14 8 18 2 2 2 3 22 20 2 M % B M0 42 M 4 @ 0 2 4 B 0 e
Teneciim)
et t o
[ irtegraton Pes | Caculoion Resit| TreTathe |
[ Retenbon Time PeakAiea Peak Height PeakAreals) Peariah | Peak Type
720 208916 1878 50.08% 4538 BB
25054 208283 1511 4992% 5441 88
Total 413179 3489 100.00%
o0e
.08 ®

02
AN
000
82 4 8 8 10 12 W 6 18 20 2 24 26 B % W M ¥ B 4 42 4 4 48 O 2 M4 4 B 6 &
Time(Min}
fadhadk 2 2 2. )
Integgofion Resu | Caloulaion Resut| TimeT able |
No. Retenton Time. PeakArea Peak Height PeakAreals) Peak Width PeakType
3780 002% 2033 88
24959 2102031 20110 99.06% 7.921 88
Total 3102701 20233 100.00%
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rac-3cf

o z 4 B 1 12 1w 18 1B 20 2 4 B B W 2 U B W O 2 4 & B W R N % W 6
Teme(iin)
ek I B 2
Integiation Resu | Calcubation Rlesu| TimeT abie |
Ho Reteniion Time Peakarea Poak Height PeakArea(%) Paak i PeakType
| EX 556185 4215 51.06% 4976 B8
24867 533117 a4 894% 7278 88
]
[T
nos
NO,
MeO on
1OH
e} o2
[
TsHN OMe
3cf |
R B EEEEEEEEEEEEEEEEEEEEE )
Tevedlin)
#3140
Ce | TimeTatie
o Retention Time. Peaxarea Peak Height Peak Area(’%) Peak Widh Peak Type
3901 80505 942 200% 2415 B8
24805 4274128 mn 97.97% 2568 B8
Total 4362723 28315 100.00%
VWD A, Wavelength=254 nm (ZYH\D412-01-RAC.D)
Al 7]
50
40
30
204
0] 2
= &
rac-3cg T , , i ,
20 40 &0 80 el
Area Percent Report
Sorted By H Signal
Multiplier E 1.0000
Dilution H 1.0000
Sample Amount H 1.00000 ([ngful] ({not used in calc.)
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A,

Peak RetTime Type

$ min]

1 44.856 BB
2 57.532 BB

Totals :

Wavelength=254 nm

Width Area Height Area
min] mAU s [mAUD ] 3
-3697 832.32837 8.41280 49.1536

1.4507 860.99445 7.24416 50.B4654

1693.32281 15.65696
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3cg

12-H-CAT.D

us

HMultiplier =
Dilution E
Sampla Amount : adaaa
Ose Maltiplier & Dilutiocn Factor with

Signal 1: VWDL A, Wavelangth=23%4 nm
Peak AatTime Type Width Araa
£ [min] [min] mAD *+g [mARD
——
1 43.414 MM
Z 55%.210 BEH

—] |-
12.83464 2.33765%e-1
1.2728 3EL.78671

354_62136 3T

Totals :

(not used in calc.)

3.2824

332780 HE.74Ta

rac-3ch

VokagetsV)
8882

H#Htidho

[ etoguaion Fesul | Catcudsion Resu] TimeTabl |

No. Retenton Time Peakirea
2147 56091
22485 52474 627 4833%
I rotat 108565 1307 100.00%

Peak Height PeakArea(%)
630 51.67%

Peak width
3330 88
3267 B8

PeakType

CF3

3ch

0 3 4 [] 1 10 12 " 18 "

+Ht i H0

2
Time(iin)

[ ntegranon st | Caicudsion Pesua | TamaTatie |

e Ratantion Tima Peakra Paax Haignt Peacaraa(s)
| 2158 10580 238 501%
| 22415 200718 2012 94.99%
|| Totat 2n208 2250 100.00%

Paakwiam
2118 B8
3761 BB

PaskTyps
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rac-3ci

R X

Ibegraton Reik | Calculation Resul | TrneT abke |

o,

Total

1.
22

Retention Time PeakAna
9% 156345
74 161184

317529

Peak Height
1814
1561
3375

Peak Width
291588
3491 88

PeakArea(’%)
4924%
5076%
100 00%

PeakType

Buiien

Integgation Resul | Caleuision Resu | TimeTatie |

No

Total

19
an

Retention Time Feakhrea

g 25382

28 1356379
1381761

Peak Helght

nsn
12181

Peak Widih
11388
5425 B8

Peak Area(%)
184%

98.16%
100.00%

Peak Type

rac-3cj

008

00e

000

oo

] 1 - 3 ‘ H 6 7

hadhait 2 B 2]

] B 0 1" 12 1’ "
Tersihn)

Intogration Resud | Caleulation Resut| TimeTable |

No.

Total

1287
2 1507

Retention Time PeakArea
20167

233025
263,192

Peak Height
02

5509
7.301

Peak Widh
0988 B8
1957 B8

Peak Area(%)
797%
92.03%
100.00%

Peak Type

Voltage(¥)
g.BR

' 2 3 H s s 7

ot ido0

10
Tire(um)

Intogation Rl | Caiculston Fesut| TimaTadie |

Ho.

1282
2 1483

Retenton Tima PeakAiea

Peak Haight
2074753 74856
63050
142,706

PeakArea() PaakwWian
4986

50.14% 1611 68

100.00%
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rac-3ck

D V|

] 1 2 3 1 s 8 7 [ 8 10 " 12 " " 15 18 1 18
Time(iin)
s iPpo0

Integualion Flesull | Calcudstion Resut| TeneTable |
No. Retention Time Peakiisa | PeakHeight |  PeakAeal%) PaakWidth Peak Typs
] 1052 2080784 92648 4972% 1340 B8
2 1245 2103945 83235 5028% 1528 B8
Total 4184729 175884 100.00%

3ck

° H 2 3 ‘ s [ T 3 8 10
w1 id0

Integyation Fesut | Caiculsion Res| TmeT able |
o Retention Time Peakarea PearHeight Peakarea(®) Peak Wian PeakType
103 18511 78 504% 0833 B8
2 1251 248604 13720 9495% 1458 BB
Total 387,20 14707 100.00%

rac-3cl

002

T

M‘_,.n-a /7&/‘\‘

0 2 4 8 8 10 12 M 16 18 M 2 2 B 2 W 2 M B M 40 42 4 4 4 O 52 S4 B 5B 60 62 &
Time(lim)
w1 3 H0

Ietegraton Resut | Colcudation Resut| TimeT able |
No. Retention Time PeakArea PeakArea(%) Peak Wion Peak Type
4819 778815 4350 50.16% 6.124 B8
2 5581 773707 3874 49.84% 7.705 B8
Total 1552522 8224 100.00%

ROy . f\_,,,___
0 2 4 8 B 10 12 14 18 18 220 22 24 2 2B W 2 M M 3B 40 42 4 4 48 S0 S22 S4 55 55 60 62 64 66 @
Teecutn)
Lot 2 B )
Integration Resul | Caiculation Resut| TmeT sbie |

No. Retention Time Paakares Paakirea(%) Peak Wian Peak Type
4795 6155 089% 3501 BB
25656 683361 99.11% 7282 BB
Total 689517 10000%
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rac-3cm

0 2 4 6 8 0 12 1a 1 18 2 2 24 226 2 W R M B B 0 42 4 4 4 0 £ 4 5 8
Teve(tie)
ool I B34
InteggabonRes | Calcusion Fesd| TeneTable |
[ Relenton Time. PeakArea Poak Height PeakAreal) Feak Widh Peak Type
w0 1704169 10154 5101% 6843 88
24854 1636517 10685 49.99% 6904 B
Total 3340886 20830 100.00%
10
[
008
004
002
0.00
002
A f\
VY d
0 2 4 6 8 10 12 1 6 18 2 2 2 26 B W X M B B 0 &2 M4 6 &4 N 2 N % S
Tene(ute)
@t igo
| c | TimeTable |
No. Retention Time PeakArea Peak Height PeakArea(%) Peak Width Peak Type
4104 1231 151 067% 4135 68
24903 1671269 9621 90.33% 6.043 B8
Total 1682500 8972 100.00%
oer
L
oos
004
£ o
£
rac-3cn
oco
Qe
0 2 4 8 & W 12 W W 1B 2 2 M % B N Mo% ¥ 40 R M4 & @8 0
Treun)
wntipo
Inkegraon Fesuit | Calouiation Resut | TroeT atle |
No. Retenton Time PeakArea Peak Haight PaakArea(%) Peakwiam Peak Type
2249 381637 ara 49.62% 5162 B8
224 #7144 2459 5038% 6040 B8
Total 728,781 5172 100 00%
010
008
oo
EGN
0oz
- s
o
° 2 4 L] L] " 12 " % " 0 z % 3 E 2 Bl » 3 @ a2 “ *®
T (M)
3cn enttdo
Integyation Resu | Calculstion Resuk| TameTstie |
No_ | Relention Time PeakArea | PeakHeight | PeakArea(®) PeakWidh Peak Type
051 13108 182 265% EFN-]
23096 482330 3455 07.35% 6226 €8
Total 495438 3637 100.00%
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rac-3co

(1]
020
018
016
01s
012
010

g oo8

ol

o
000
002

EL]
008
008
010

[ 2 H 8 [ i

3t tpo0

# 2 2B N N M ¥ W e @ &
Tensilim)

Integraticn Resud | Celcuiston Resut] TimeT able |

Ho. Retention Time Peakirea

PeakArea(%)
47.82%
5218%
100.00%

Peak Height
9

10454
19.845

PeakWidh |
5213 B8
5.168 B8

PeakType

3co

o 2 4 8 8 1 12

“wtipo

Intecyaion esut | Calculabon Resuk| TmeT atie |

No. Retention Time Paakarea
2724 2029

21382 2218028

Total 2220057

Peak Height PeakAreals)
129

16564
16,603

99.91%
100.00%

Paak Wion
261288
608 B8

Peak Type

rac-3cp

012
3 0w
o008
c0s

ooe

002

002 A
(1]

] ' 2 3 4 B

[l i 3 )

Intogiation Flesull | Calcuiation Fosut| TmeT sbie |

[ Ne. Retention Time PeakArea

I o7 685521
| 2 1430 654340
|Total 1330861

Peak Height PeakArea(’%)
24184 51.16%
21072 4384%
45256 100.00%

Peakvidin Peak Type

1501 V8

3cp

003

Vorspe(v)

0 1 2 3 . s 6 7 8 s 10

hadhadt It X )

" n 1 15 8 w » i

12
Time(Min)

Irseguation Plesu | Calculsbon Resul | TeneTobis |

No. Retention Time Peakirea
1302
2141

6949
236166
243115

Peak Height PeakArea(%)

20
7870
8.199

97.14%
100.00%

PeakWidh
0751 B8
1587 BB

Peak Type
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VWOT A, Wavelength=254 nm [Z¥HIDS04-01-RAL )
nil 7]
100
0
60
40 -
20 I 5
rac-3cq u__)\J'L
T T T T T T T
5 10 15 20 25 30 35 nn
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 3 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
%
1 24.735 BB -003B 1420.4046% 50.4411
2 27.89%4 BB 1.1290 1395.56433 17.99496 49.5589
VWD A, Wavelength=254 nm (ZYH\0504-01-CAT.D)
nal 7]
704
60
50
40
304
T
40 nrf

3cq

Area Percent Report

Sorted By
Multiplier
Dilution

Signal
3 l1.0000
E 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A,

Peak RetTime Type
# [min]

Wavelength=254 nm

Width Brea Height Area
[min] mAU *g [mAU 1 %

0.7749 36.54585 7.
1.1199 1027.04968

10€3.59553
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VWD1 A, Wavelength=254 nm (ZYHD420-03-RAC.D)

nAl
160
140
120+
100
&0 -
o
] 5
2 8
40 B
20
rac-3cr S -
T T T T T
10 20 30 40 50 n
Area Percent Report
Sorted By . Signal
M iplier = 1.0000
Dilution = 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak BetTime Type Area Height Area
2 41.44232 49.1984
2 25.642 M 2555.55005 35.87693 50.8016
Totals : 5030.44873 77.31925
VINDT A, Wavelangth=254 nm [Z¥HID420-03-CAT.D)
nAll ]
400
2
et
a2
300
200
100 - &
=
g
ol A 8
T T T T T T
5 10 15 20 25 30 nn
Area Percent Report
3cr G
Sorted By - Signal
Multiplier = 1.0000
Dilution E l1.o0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Height Area
: [min] [min] AU ] 3

146 0.7065 2203.47 49.5612 10.3552
2 24.404 VB 0.8607 1.90755=4 321.69409 89.6448
Totals : 2.1278%4 371.25531
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rac-3cs

fadhadi I I )

Tena(ibin}

Indegratin Resui | Caculsion Resch| TeveTable |

No. Retention Time
nn

| 2 1280
‘TOW

PeakArea
1710991
1699987

3410978

Peak Height
71132
66975
138,007

PeakAreal’)
50.16%
4984%
10000%

Peak Widh
1071 BV
1267 VB

Peak Type

OMe

3cs

#+#tido0

s
Teme(itin)

Inkegration Result | Calcutabon Flesu | TimaT able |

No. Retention Time
-
21285
o

Peakhrea
22894
404973
27827

Peak Height
996

15484
16,450

Peak Area(%)
535%
94.65%
100.00%

Peak Widh
0993 BB
1618 B8

Peak Trpe

rac-3ct

002

202

P

004

i "N .. YT

o 2 4 &
entido

8 10 12 14 16

1B 20 2 24 % 2 ¥ R M ¥ B O
Time(in)

)

M4 46 @B S0 52 5S4 %5 58 60 K2 64 66 68

n

Integration Revul | Calculsion Resud | TimeTable |

No. Retention Time PeakArea Peak Height PeakArea(%) Peak Wigh
3003 5183 5028% 7494 B8

26157 939738 4218 4972% 8.647 BB

Total 1,890,045 9401 100.00%
008
oes
o6
0.0
o6z
oo
000 J
o0

3ct
o 5§ 1 18 m 2 % % 4 45 % & s 7 15 s w0
Time(Min)
st i H0
Indegration Resul | Caleultion Resul| TmeTable |
No. Retention Time PeakArea Peak Height Peak Area(%) Peak Width Peak Type
5923 553886 5061 100.00% 5406 88
Total 553885 5081 100.00%
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rac-3cu

002

004

0 2 4 6 8 10 12 14 16 18 20 2 24 26 28 N RV 34

3 38 MW 42 44 8 48 0 S2 S4 S5 S8 60 62 64 68 68

Tena(ite)
@t PO
Iringrotion Resul | Coleulaton Resuk | TimeT able |
o Retenton Time FoakArea Peak Hoight PoakAreal’) Peak Widh Peak Type
4251 1047569 6983 5079% 6524 68
25345 1014808 8197 4921% 7.456 B8
Total 2082375 13,180 100.00%
008
008
L1
%DM
000
Q02
,__JUL
004
3cu
0 2 4 8 8 10 12 14 16 18 M 2 24 2 28 W R M % B 4 2 4 4 4 N0 2 M % 8 0 € 6
Trnea)
“wt o
Intagration Resut | Calcuiabion Rek | Timel able |
NO. Retention Time PeakArea Peak Height PeéakArea() Peakwiam Peak Type
4307 82638 829 448% 1612
2 5147 1780898 10844 9552% 8427
Total 1843522 1473 100.00%
T EVEIENgI=254 nm RAC.D]

rac-3cv

20 40 [=iv] nn
Rrea Percent Report
Sorted By - Signal
Multiplier = 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Brea Height Area
£ [min] [min] mAU *5 [mAl 1 %
e s e i e I e ] =1 |
1 35.046 MM 1.5409 7511.29541 81.24149 51.5764
2 4B.371 MM 1._B&5B 7052.13916 62.995B8 4B.4236
Totals : 1.45634e4 144.23737
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. Wavelength=254 fim CATD)
nAll 7]
40+
30+
20+
10
o
o T T T T T
10 20 30 40 50 min|
3cv Area Percent Report
Sorted By H Signal
Multiplier E 1.0000
Dilution z 1.0000
Uge Multiplier & Dilution Factor with ISTD=
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
¥ [min] [min] mAD *g [mAD ] %
e e e B B e P |
1 39.195 MM 1.5518  27.96471 3.00355e=1  3.9977
2 47.440 BB 1.3587 671.5585% 6.22703 96.0023
Totals : 699.52331 6.52738
wisE0iche
016
01e
012
010 =
s
?nm
? ] .
rac-3cw o
o
[
000
on2
o 2 ! [ i w12 W w8 o = ® 3
Timedltn)
Radbadt 2 3K X 1]
Integraton Flesud | Cakculalon Resuit| TimeTable |
No Retention Time | PeakArea Peak Height PeakArea%) PeakWicth PeakType
16.86 1383789 32699 5074% 2245 B8
2 3282 1343500 19549 49.26% 2795 BB
Total 2727289 54248 100.00%
008
007
006
005
i
004
g
003
002
P H S A
(11}
o 2 4 8 8 W 2 1w 1w 8 P 2 ¥ 2 2 2 u
Troe{utin)
3cw St o
Integyation Flesut | Calculstion Resut | TimeTabls |
No. Retention Time PeakArea Peax Height PeakArea(’) Peak Wadn PeakTipe.
16.90 22731 660 540% 1345 B8
2 3487 398583 5718 9450% 2829 B8
Total 421314 6376 10000%
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rac-3cx

0 2 [ s 9w 2 9w w ©® = 2 4 2% 2 )
Tz i)
et ipo
Integuation Resudt | Calcudation Resut| TimeTable |
Ho Retention Time PeakArea Peak Height FeakAreal) Peakwidn Peak Type
I 25 325212 [T 4935% 3138 B8
23597 23716 4035 5065% 2618 BB
Total 658928 8015 100.00%
012
010
008
i
% oos
004
002 4A‘s_-_H__—___z[§>>__________
:;(:)( o 2 & 8 W 12 W ® W 2N 2 M H B N R “ %
TimeiMn)
#H3tdo
Integyaton Flesul | Calcuiaton Resut | TimeTable |
No Retention Time PeakArea Peak Height PeakAreal%) Peak Widh PeakTrpe
2675 21514 521 395% 1821 88
23556 522601 5062 96.05% 5053 B8
| Total 544115 6483 100.00%
avelength=254 nm T-RAC.D)
nal 7]
80 4
B0 -
® 2
@
404 3
204
3 D__J«L A
T T T T
20 40 60 80 nin
Area Percent Report
Sorted By - Signal
Multiplier = 1.0000
Dilution z 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak FetTime Type Width Brea Height Area
¥ [min] [min] mAD e [mAU ] %
S = Uimeicd it I it =f !
1 33.297 BB 1.1147 3427.12476 45.34668 50.2465

2 44.913 BB 1.3962 3393.50146

Totals :

35.92292 49.7535

6820.62622 81.26959
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OMe

7 Evelength=254 nm (Z¥H

OT-CAT D)

a0

20 40

nn|

Area Percent Report

Sorted By . signal
Multiplier H 1.0000
Dilution 2 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Width
[min]

Peak RetTime Type
$  [min]

Area Height

2427.792891

rac-3cz

(1

00

Votage)

w02

1 2 2 2 n n = % 7 E I

wwdtdo

» 2 n M »

N
Timeuin)

Irteguation Resut | Calcutsion Resut | TrosT ath |

Mo Retenton Time. Peakarea Paak Heignt
3285 195726 253

23648 202869 2114

Total 398505 5244

PoakAroa(®)
42.10%
£0.90%

100.00%

Peak Wiath
2736 B8
2757 88

PeakType

3cz

OMe

[wairiiene]

fadhadh 2R . 4. )

® % ! M ¥ B
Timailiin)

Integraton Fesut | Colculation Rt | TimeT able

No Retanton Time PaakArea Paak Height PeakArea()
nn 5471 140 308%
2353 172003 2304 96.92%
Total 177474 2444 100.00%

PeakWidih
1929 88
306 88

Peak Type
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WWD1 A, Wavelength=254 nm [ZYHIDE17-02-RAC.D)
nAu ]
160 ]
140 4
120
160 g
&
a0} g
g
650
40
20+
rac-3cza P P N | S
T T T T T
10 20 30 40 50 nn
Area Percent Report
Sorted By = Signal
Multiplier L 1.0000
Dilution z 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area
£ [min] [min] mAO =
i ot
1 34.658 BB 1.6056 9423.0
2 49.972 BB 2.1013 9503.2
Totals : 1.89263e4 155.21304
VWD A, Wavelength=254 nm (ZYHWDE17-02-CAT.O)
nAu ]
160 ]
140
120
100
80
60
NO, )
3
40 @
g
ol
OH o e &
c &
O i —~ B
T T T T T
10 20 30 40 50 nr

TsHN OMe

3cza

Area Percent Report

Signal
1.0000
H 1.0000
r & Dilution Factor with ISTDs

Use Multip

Signal 1: VWDl A, Wavelength=254 nm

- 3B.15019 7. 482-1
2 49.943 BB 1.9495 4873.86279 33.43832
Totals : 4912.01299 34.21407
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VD1 A, Wavelengih=254 nm (B202407 14-FAC.D)
mhll ]
504
504
304
204
"0
] &
& 2
0 __.[\_X»__J_\_ﬁ_‘
-1 T T T T
] 10 20 30 L] L]
B nt Heport
Sorted - Signal
Multiplier A 1.0000
Dilution L l.ooo0
Sample Amount g 1.00000 ful] {not used in calc.}
Use Multipl & Dilution Factor with
gignal 1: VWDl K, Wavelsngth=254 n=
S50.261%
49.73E1
VWD1 A Wavelength=254 nm (ZR\20240714-CAT.0)
Al )
80 4
60
40
20 é
3 B
n_&zazhp__lijﬁhk___
2]
0
T T T T
10 20 30 40 nn
Brea Percent Report
3czb _ i
Sorted By ] Signal
Multiplier z 1.0000
Dilv E l1.0000
Sample Amount ;. 1.00000 [ng/ul] {not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
L [min]

e [
1 27.734 BB 1.6527 439.11621 3.13847 2
2 35.064 BB 1.6576 13B84.88513 10.02%05 7

HPLC spectra of compound S, 6 and 7
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(L]

] 2 a &

hadhadt 2 3 X )

18
TimeiMin}

Integration Aesub | Cokculstion Recub| TmeT able |

No. Retention Time PeakAarea

Peak Height Peak Areal%)

Total

1286
21580

12605
10535
23140

5035%
4965%
100.00%

Peak Width
1760 B8
1760 B8

PeakType

OH Ph

NHTS

NO,

000

[ 1 2 2 4 B

##titpo0

Irdeguaon Resul | Cakculstion Resub | TimeT able |

Mo, Retention Time PeakAres
1203 1
2149 280324

Total 295980

Peak Height PeakAreal’)
591 5.20%

732
8323

94.71%
100.00%

PeakWiatn
1077 B8
1729 B8

Peak Type

[] 12 31 4 s

sttt do

13 15

14
Temein)

Integeation Resul | Calculation Resut | TeveTabie |

No. Retention Time PeakArea
1276 435655
2 1481 453143

Total 868,708

Peak Height
21667
18925
40592

PeakArear’)
4002%
5008%
100.00%

PeakWidh
113 88
1278 BB

PeakType

WaseeT che.

12 "

13
Teme(uin)

624889
43810
868,699

Peak Height
44861
2301
47252

PeakArea(%) |
94.96%

504%

100.00%

Peavian |
1054 B8
0520 88

PeaxTpe
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0.04
003
ooz
o
I SR I e
0.00
° 2 4 L] 8 10 12 " * 1@ 20 2 24 % E- 2 M k] » “ a2 % - 0 L
Time(kn)
@t 0
[ imeggation Resut | Cacutsion Resit] TimeTatie |
No Retention Time PeakArea Peak Height PeakAreal) Peak Widh Peak Typd
2546 32845 0 50.68% 2049 B8
23323 31967 581 49.32% 205 BB
Total 64812 1291 100.00%
005
[
0.03
0.02
- 2
=
N Ph o]
“WM i
7
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Single-crystal X-ray diffraction

Single-crystal X-ray diffraction of 1¢’ (CCDC: 2348055)
X-ray analysis was carried out using the single crystal which was grown in DCM/Hexane.
The instrumentation used for the crystal measurement is Oxford Gemini E X-ray single-crystal

diffractometer (ellipsoid contour at 30% probability level).

OMe
Ph
NO, .
"OH
NHTsO
1c' X-ray of 1¢'

CCDC: 2348055

Table 1 Crystal data and structure refinement for
20230363 auto.

Identification code 20230363 auto
Empirical formula CygH17NOsS
Formula weight 335.36
Temperature/K 293(2)

Crystal system orthorhombic
Space group P2{2421

a/A 8.1853(4)

b/A 10.3385(4)

c/A 18.6161(10)

a/” 90

Bre 90

V/° 90

Volume/A3 1575.37(13)

Fi 4

Peaicg/cm? 1.414

p/mm-’ 2.060

F(000) 704.0

Crystal size/mm?3 0.14 x 0.11 x 0.1
Radiation CuKa (A = 1.54184)
20 range for data collection/® 9.502 to 140.558
Index ranges 9=zh=z6-12=2k=10,-22=1=<21
Reflections collected 5663

Independent reflections 2937 [Rint = 0.0258, Rgigma = 0.0388]
Data/restraints/parameters  2937/2/215
Goodness-of-fit on F2 1.035

Final R indexes [l1==2a (I)] Ry = 0.0401, wR> = 0.1068
Final R indexes [all data] Ry = 0.0464, wR; = 0.1125

Largest diff. peak/hole / e A-3 0.17/-0.20
Flack parameter -0.008(17)
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Single-crystal X-ray diffraction of 3ci (CCDC: 2348058)
X-ray analysis was carried out using the single crystal which was grown in DCM/Hexane.
The instrumentation used for the crystal measurement is Oxford Gemini E X-ray single-crystal

diffractometer (ellipsoid contour at 30% probability level).

X-ray of 3ci
CCDC:2348058

Table 1 Crystal data and structure refinement for
20230472 auto.

Identification code 20230472 auto

Empirical formula Co4H23CINLO4S

Formula weight 518.95

Temperature/K 293(2)

Crystal system orthorhombic

Space group P242124

a/A 7.80415(14)

b/A 13.7157(2)

c/A 22.4935(3)

af® 90

B/ 90

y/° 90

Volume/A? 2407.68(7)

z 4

Pealc@/cm? 1.432

pfn"nq 2.634

F(000) 1080.0

Crystal size/mm? 0.16 = 0.1 x 0.08
Radiation CuKa (A = 1.54184)

20 range for data collection/®7.55 to 140.722

Index ranges 9=<h=<b5-14=<k=<16,-24<| <27
Reflections collected 8864

Independent reflections 4519 [Ript = 0.0316, Rgigma = 0.0489]
Data/restraints/parameters  4519/26/321
Goodness-of-fit on F2 1.037

Final R indexes [l>=20 (I)] R, =0.0482, wR; = 0.1184
Final R indexes [all data] Rq = 0.0587, wR; = 0.1272
Largest diff. peak/hole / e A-3 0.23/-0.29

Flack parameter -0.063(17)
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