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1. General

The 'H NMR, '3C NMR, '°F NMR spectra were measured in CDCls, Acetone-ds or DMSO-dg solution on a Bruker
AV-400 spectrometer using TMS as an internal reference. Coupling constant (J) values are given in Hz. Multiplicities
are designated by the following abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; br, broad; m, multiplet. High-
resolution mass spectra (HRMS) were performed on a Bruker microTOF-Q II Mass Spectrometer with ES ionization
(ESI). All commercially available reagents were used as received. Thin-layer chromatography on silica (with GF,s4)
was used to monitor all reactions. Products were purified by flash column chromatography on silica gel purchased
from Qingdao Haiyang Chemical Co., Ltd. Chiral High Performance Liquid Chromatography (HPLC) analyses were
performed using an Agilent 1260 Series apparatus and Chiralpak AD-H, OD-H and AS-H columns purchased from
Daicel Chemical Industries. The configurations of the products have been assigned by single crystal X-ray diffraction
analysis. All solvents, organic and inorganic reagents were from commercial sources and used without purification
unless otherwise noted. Glycine esters 1a and 1b, B-substituted o,B-unsaturated pyrazolamides 2 were prepared
according to literatures reported methods.['-?] Chiral cyclopropenimine organosuperbsaes (CSBs) CSB-1, ent-CSB-
1, CSB-2, CSB-3, CSB-5, ent-CSB-5 were prepared following literature reported procedure, and their
characterization data are consistent with reference report.}] The synthesis of CSB-4, CSB-6 and CSB-8 were
described in our previous reportl*l. The characterization data of all new compounds were listed in the Supplementary
Information.

2. Experimental sections

2.1 General procedure for CSB-1 catalyzed asymmetric Michael additions
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3ak: R = Me, 69%
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Ph™ “Ph
3af: R = Me, 93%
dr>99:1, 99% ee
3bf: R = Bu, 87%
dr>99:1, 98% ee

N” ~CO,Bu

Ph™ "Ph

3bk: R =Bu, 45%
dr>99:1, 97% ee

a. All reactions were performed in 1.0 mmol scale; b. Isolated yield based on 2; c. The dr and ee of products were determined by chiral HPLC
column (Diacel ChiralPak AD-H).
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Glycine imine 1 (1.0 mmol), B-substituted a,p-unsaturated pyrazolamides 2 (1.1 mmol, 1.1 equiv.), and CSB-1 (56.0
mg, 10 mol%) in 10.0 mL of anhydrous EtOAc were stirred at r.t. for 24 h. The reaction was checked by a thin layer
chromatography (TLC). The solvent was removed by a rotary evaporator and the residue was purified by a flash
column chromatography (n-hexane: EtOAc: EtzN = 10:1:0.01 to 1:1:0.01, V/V. Note: The silica gel which used in
purification was buffered by n-hexane and Et;N (V/V = 100/1). The dr and ee values of adducts 3 were determined
by chiral HPLC analysis.

Ph o
ol N
CoMe  N=

3aa
White solid; 75% yield; [a]p? = -75.4° (¢ = 0.1, CH,Cl,), m.p. 37.2-38.4 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.59 (d, J=17.2 Hz, 2H), 7.45-7.35 (m, 6H), 7.23-7.16 (m, 5H), 6.85 (d, /= 5.2 Hz, 2H), 5.95 (s, 1H), 4.29 (d,
J=6.0 Hz, 1H), 4.23 (q, J = 6.8 Hz, 1H), 3.80-3.75 (m, 2H), 3.56 (s, 3H), 2.36 (s, 3H), 2.18 (s, 3H); 3C NMR (101
MHz, Acetone-ds) & (ppm) 172.83, 172.06, 171.51, 152.16, 144.34, 142.55, 140.13, 136.97, 131.39, 129.45, 129.28,
129.10, 128.89, 128.39, 127.60, 111.65, 71.49, 52.14, 45.69, 37.31, 14.46, 13.81; HRMS (ESI): Exact mass calcd.
for C30H30N305* [M+H]", 480.2282, Found 480.2285; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.8 mL/min,

254 nm, tr(major) = 26.818 min, tg(minor) = 43.017 min, major: 97% ee.

Ph} 0

—N

PH NS
C02Me N

3ab

White solid; 91% yield; [a]p? = -150.1° (¢ = 0.1, CH,Cl,), m.p. 51.9-52.7 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.60 (d, J=7.2 Hz, 2H), 7.45-7.42 (m, 5H), 6.93-6.92 (m, 2H), 5.96 (s, 1H), 4.27 (d, /= 6.4 Hz, 1H), 4.22 (q,
J=6.8 Hz, 1H), 3.74 (d, J = 6.8 Hz, 2H), 3.56 (s, 3H), 2.36 (s, 3H), 2.18 (s, 3H); 3C NMR (101 MHz, Acetone-d;)
S (ppm) 172.71, 172.24, 171.42, 163.79, 161.37, 152.24, 144.37, 140.09, 138.54, 138.51, 136.92, 131.46, 131.10,
131.02, 129.54, 129.47, 129.35, 128.92, 128.37, 115.78, 115.57, 111.70, 71.39, 52.18, 45.04, 37.54, 14.44, 13.80;
9F NMR (376 MHz, Acetone-dg) & (ppm) 59.88; HRMS (ESI): Exact mass calcd. for C3oHygFN;O3" [M+H]Y,
498.2187. Found 498.2192; HPLC: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 254 nm, tg(major) = 7.707

min, fr(minor) = 12.670 min, major: 97% ee.

Cl
Ph
A i
Ph N l\\l N
CO,Me  N=

3ac

White solid; 89% yield; [a]p* = -53.2° (¢ = 0.1, CH,Cl,), m.p. 44.5-45.6 °C. "H NMR (400 MHz, Acetone-ds) &
(ppm) 7.60 (d, J= 7.6 Hz, 2H), 7.45-7.42 (m, 4H), 7.36 (d, J="7.6 Hz, 2H), 7.22 (dd, /= 8.4 Hz, J=20.0 Hz, 4H),
6.93 (d, J=7.6 Hz, 2H), 5.96 (s, 1H), 4.28 (d, J = 6.0 Hz, 1H), 4.20 (q, /= 6.8 Hz, 1H), 3.75 (d, /= 7.2 Hz, 1H),
3.57 (s, 3H), 2.37 (s, 3H), 2.18 (s, 3H); 3C NMR (101 MHz, Acetone-ds) 8 (ppm) 172.65, 172.34, 171.35, 152.28,
144.39, 141.45, 140.08, 136.88, 132.92, 131.47, 131.02, 129.55, 129.48, 129.35, 129.07, 128.92, 128.38, 111.72,
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71.18, 52.21, 45.18, 37.34, 14.41, 13.78; HRMS (ESI): Exact mass calcd. for C3oH,9CIN;O5" [M+H]", 514.1892.
Found 514.1895; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 8.049 min,
tr(minor) = 13.203 min, major: 97% ee.

Cc

Fs
Ph)i o}
—N
PH NS
COzMe N
3ad

White solid; 90% yield; [a]p?® = -40.3° (¢ = 0.1, CH,Cl,), m.p. 42.7-43.8 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.59 (dd, J, = 10.1 Hz, J, = 8.5 Hz, 4H), 7.47-7.36 (m, 8H), 6.86 (d, J = 6.6 Hz, 2H), 5.98 (s, 1H), 4.30 (dt, J;
=13.8 Hz, J, = 5.7 Hz, 2H), 3.85 (ddd, J; = 17.5 Hz, J, = 6.7 Hz, 2H), 3.59 (s, 3H), 2.37 (s, 3H), 2.19 (s, 3H); 13C
NMR (101 MHz, Acetone-dg) & (ppm) 172.60, 172.49, 171.28, 152.39, 147.31, 144.43, 140.02, 136.75, 131.54,
130.07, 129.58, 129.51, 129.33, 128.95, 128.29, 125.97, 125.93, 111.77, 70.93, 52.33, 45.51, 36.97, 14.42, 13.81;
9F NMR (376 MHz, Acetone dg) & (ppm) 114.62; HRMS (ESI): Exact mass calcd. for C31HyoF3N3057 [M+H]Y,
548.2156. Found 548.2158; HPLC: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 254 nm, tg(major) = 7.108

min, fg(minor) = 13.529 min, 97% ee.

F
F
Ph
PN i
Ph” N NN
Co,Me N=

3ae

White solid; 91% yield; [a]p* = -53.0° (¢ = 0.1, CH,Cl,), m.p. 106.7-107.8 °C. '"H NMR (400 MHz, Acetone-ds) &
(ppm) 7.64 (s, 1H), 7.62 (s, 1H), 7.49-7.45 (m, 4H), 7.39 (t, J= 7.4 Hz, 2H), 7.23-7.16 (m, 2H), 7.07-7.04 (m, 1H),
6.98-6.96 (m, 2H), 6.00 (s, 1H), 4.31 (d, J= 5.9 Hz, 1H), 4.23-4.18 (m, 1H), 3.80 (ddd, J; = 17.3 Hz, J, = 7.2 Hz,
2H), 3.61 (s, 3H), 2.39 (s, 3H), 2.20 (s, 3H); 3C NMR (101 MHz, Acetone-ds) & (ppm) 172.57, 172.51, 171.28,
152.36, 144.42, 140.01, 136.83, 131.55, 129.63, 129.50, 129.40, 128.96, 128.34, 125.81, 125.77, 125.74, 118.36,
118.19,117.88, 117.71, 111.77, 70.98, 52.30, 45.02, 37.31, 14.43, 13.80; '°F NMR (376 MHz, Acetone-dg) & (ppm)
37.23,37.18, 34.74, 34.68; HRMS (ESI): Exact mass calcd. for C50H,5F,N305" [M+H], 516.2093. Found 514.2098;
HPLC: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tg(major) = 7.005 min, #x(minor) = 12.474 min,
97% ee.

3af
White solid; 93% yield; [a]p? = -109.4° (¢ = 0.1, CH,Cl,), m.p. 41.8-43.2 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.65 (s, 2H), 7.63 (s, 1H), 7.49-7.35 (m, 7H), 7.21 (dd, J, = 8.8 Hz, J, = 2.7 Hz, 1H), 7.02 (td, J=8.5, 2.7 Hz,
1H), 6.69 (d, J = 14.9 Hz, 2H), 6.05 (s, 1H), 4.69 (dt, J; = 9.4 Hz, J, = 4.6 Hz, 1H), 4.40 (d, /= 4.2 Hz, 1H), 4.15
(dd, J;=17.8 Hz, J, = 9.8 Hz, 1H), 3.81 (dd, J, = 17.8 Hz, J, = 4.88 Hz, 1H), 3.69 (s, 3H), 2.39 (s, 3H), 2.24 (s, 3H);
3C NMR (101 MHz, Acetone-dg) & (ppm) 172.60, 171.40, 163.29, 160.83, 152.45, 144.43, 139.97, 136.76, 13591,
135.62, 135.51, 131.51, 129.56, 129.51, 129.33, 128.98, 128.03, 117.56, 117.31, 114.67, 114.47, 111.80,
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68.04, 52.49, 40.98, 36.09, 14.38, 13.84; 1F NMR (376 MHz, Acetone-ds) 6 61.9; HRMS (ESI): Exact mass calcd.
for C;30HpgCIFN;O3" [M+H]*, 532.1798. Found 532.1805; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.4
mL/min, 254 nm, tg(major) = 66.839 min, fg(minor) = 71.248 min, 99% ee.

COzMe

White solid; 92% yield; [a]p?® = -54.8° (¢ = 0.1, CH,Cl,), m.p. 45.6-46.2 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.66-7.58 (m, 2H), 7.50 (dd, J= 6.7, 2.1 Hz, 1H), 7.45 (dt, J=8.3, 3.6 Hz, 4H), 7.38 (t, /= 7.4 Hz, 2H), 7.26-
7.20 (m, 1H), 7.13 (t, J= 8.6 Hz, 1H), 6.96-6.87 (m, 2H), 5.99 (s, 1H), 4.28 (d, /= 5.6 Hz, 1H), 4.18 (dt,J=9.1,5.5
Hz, 1H), 3.86 (dd, J; = 17.3 Hz, J, = 9.1 Hz, 1H), 3.79-3.69 (m, 1H), 3.60 (s, 3H), 2.37 (s, 3H), 2.19 (s, 3H); 13C
NMR (101 MHz, Acetone-dg) & (ppm) 172.61, 172.54, 171.28, 159.90, 157.47, 152.40, 144.42, 140.54, 140.51,
140.01, 136.82, 134.52, 131.55, 130.36, 130.28, 129.63, 129.51, 129.39, 128.97, 128.30, 117.11, 116.89, 111.80,
108.81, 108.60, 70.91, 52.33, 44.83, 37.13, 14.43, 13.82; '°F NMR (376 MHz, Acetone-dg) & (ppm) 65.33; HRMS
(ESI): Exact mass calcd. for C30H,sFBrN;O3;" [M+H]*, 576.1293. Found 576.1299; HPLC: ChiralPak AD-H, n-hex/i-
PrOH =90:10, 1.0 mL/min, 254 nm, tg(major) = 7.834 min, zg(minor) = 10.536 min, 98% ee.

l\\l \
COzMe N=

White solid; 55% yield; [a]p? = -62.3° (¢ = 0.1, CH,Cl,), m.p. 42.6-43.8 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.45-7.44 (m, 2H), 7.36-7.28 (m, 4H), 7.25-7.21 (m, 2H), 6.93-6.87 (m, 4H), 6.77-6.74 (m, 2H), 5.81 (s, 1H),
4.14 (d,J=6.1 Hz, 1H), 4.06 (dd, J, =13.4 Hz, J, = 6.9 Hz, 1H), 3.59 (d, /= 7.1 Hz, 2H), 3.43 (s, 3H), 2.24 (s, 3H),
2.11 (s, 3H), 2.04 (s, 3H); 3*C NMR (101 MHz, Acetone-dg) & (ppm) 172.85, 171.96, 171.54, 152.10, 144.32, 140.17,
139.47,137.01, 136.98, 131.36, 129.69, 129.44, 129.27, 129.12, 128.87, 128.45, 111.63, 71.65, 52.10, 45.29, 37.39,
20.97, 14.48, 13.80; HRMS (ESI): Exact mass calcd. for C;;H3,N;0;7 [M+H], 492.2438. Found 492.2445; HPLC:
ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fgx(major) = 7.856 min, fg(minor) = 10.332 min, 94%

COzMe

White solid; 46% yield; [o]p> = -47.6° (¢ = 0.1, CH,Cl,), m.p. 107.5-108.2 °C. '"H NMR (400 MHz, Acetone-ds) &
(ppm) 7.60-7.57 (m, 2H), 7.45-7.42 (m, 4H), 7.36 (t, J= 7.4 Hz, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.93 (dd, J; = 6.3 Hz,
J,=2.7Hz, 2H), 6.77 (d, J= 8.7 Hz, 2H), 5.94 (s, 1H), 4.26 (d, J= 6.2 Hz, 1H), 4.18 (q, J= 6.88 Hz,1H), 3.74-3.69
(m, 2H), 3.72 (s, 3H), 3.56 (s, 3H), 2.37 (s, 3H), 2.17 (s, 3H); 3C NMR (101 MHz, Acetone-ds) & (ppm) 172.87,
171.94, 171.57, 159.57, 152.10, 144.32, 140.17, 137.02, 134.30, 131.37, 130.21, 129.45, 129.30, 128.88, 128.46,
114.44, 111.63, 71.75, 55.44, 52.09, 44.96, 37.64, 14.48, 13.81; HRMS (ESI): Exact mass calcd. for
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C31H3,N3047 [M+H]*, 510.2387. Found 510.2396; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254
nm, fr(major) = 11.882 and 19.703 min, fr(minor) = 14.327 and 18.148 min, dr = 98:2, major: 95 % ee.

e
o
=N
PH N™
CoMe N

3aj

Yellow oil; 72% yield; [a]p® = -65.7° (¢ = 0.12, CH,Cl,). 'H NMR (400 MHz, Acetone-ds) & (ppm) 7.56 (d, J=7.2
Hz, 2H), 7.49-7.40 (m, 4H), 7.42 (d, J= 7.3 Hz, 1H), 7.39-7.33 (m, 3H), 6.98 (d, /= 3.6 Hz, 2H), 6.26 (dd, J; = 2.0
Hz, J, = 3.2 Hz, 1H), 6.09 (d, J= 3.2 Hz, 1H), 6.00 (s, 1H), 4.41 (d, J= 5.6 Hz, 1H), 4.32-4.29 (m, 1H), 3.79-3.67
(m, 2H), 3.64 (s, 3H), 2.43 (s, 3H), 2.19 (s, 3H); 13C NMR (101 MHz, Acetone-dg) 8 (ppm) 172.59, 172.36, 171.41,
155.72, 152.35, 144.48, 142.50, 140.20, 136.92, 131.41, 129.58, 129.50, 129.35, 128.85, 128.51, 111.78, 111.07,
107.21, 69.00, 52.36, 39.57, 35.73, 14.49, 13.81; HRMS (ESI): Exact mass calcd. for CygHpsN;04" [M+H]",
470.2074. Found 470.2084; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fz(major) =9.163
and 16.063 min, 95.5 % ee.

)
I 8!
—N
PH NS
K

CO,Me N=
3a

Yellow oil; 69% yield; [a]p?® = -103.3° (¢ = 0.11, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) & (ppm) 7.64-7.62 (m,
2H), 7.47-7.36 (m, 6H), 7.24-7.23 (m, 1H), 6.95-6.93 (m, 2H), 6.90-6.85 (m, 2H), 5.99 (s, 1H), 4.55-4.51 (m, 1H),
4.31(d,J=5.2 Hz, 1H), 3.87-3.75 (m, 2H), 3.63 (s, 3H), 2.40 (s, 3H), 2.19 (s, 3H); '*C NMR (101 MHz, Acetone-ds)
S (ppm) 172.57, 172.40, 171.28, 152.33, 145.59, 144.42, 140.15, 136.93, 131.49, 130.58, 129.59, 129.52, 129.34,
129.29, 128.91, 128.35, 127.37, 125.98, 124.98, 111.75, 71.52, 52.35, 41.02, 38.94, 14.46, 13.81; HRMS (ESI):
Exact mass calcd. for C,sHpgN3O3S* [M+H]", 486.1846. Found 486.1852; HPLC: ChiralPak AD-H, n-hex/i-PrOH =
90:10, 1.0 mL/min, 254 nm, fg(major) = 7.937 min, tg(minor) = 11.742 min, 95 % ee.

Ph

Ph/<\N

(e}

N - N\
CO,'Bu #)/

3ba
Yellow oil; 52% yield; [a]p? = -54.4° (¢ = 0.12, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.60-7.57 (m,
2H), 7.47-7.34 (m, 6H), 7.24-7.15 (m, 5H), 6.99-6.96 (m, 2H), 5.92 (s, 1H), 4.25-4.18 (m, 2H), 3.74-3.62 (m, 2H),
2.35 (s, 3H), 2.17 (s, 3H), 1.27 (s, 9H); 3C NMR (101 MHz, Acetone-ds) & (ppm) 171.95, 170.83, 169.21, 151.18,
143.41, 141.75, 139.39, 136.33, 130.37, 128.60, 128.50, 128.36, 128.15, 128.08, 127.94, 127.68, 126.62, 110.71,
80.48, 71.36, 45.08, 37.04, 27.09, 13.58, 12.90; HRMS (ESI): Exact mass calcd. for C33H35N30; [M+H]*, 522.2757.
Found 522.2745; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 97:3, 0.7 mL/min, 254nm, fg(major) = 28.096 min,

tr(minor) = 38.664 min, 98% ee.
F

Ph

Ph/<\N

(e}

NN
CO,Bu )s)ﬁ

3bb
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Yellow oil; 68% yield; [a]p? = -31.1° (¢ = 0.14, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.62-7.60 (m,
2H), 7.50-7.36 (m, 6H), 7.27-7.23 (m, 2H), 7.06-6.99 (m, 4H), 5.95 (s, 1H), 4.26-4.19 (m, 2H), 3.74-3.61 (m, 2H),
2.37 (s, 3H), 2.18 (s, 3H), 1.30 (s, 9H); 3C NMR (101 MHz, Acetone-ds) & (ppm) 171.84, 171.02, 169.11, 162.88,
160.46, 151.27, 143.43, 139.34, 137.74, 137.71, 136.28, 130.42, 130.34, 128.61, 128.53, 128.43, 127.98, 127.66,
114.77, 114.56, 110.77, 80.62, 71.27, 44.42, 37.23, 27.10, 13.57, 12.91; '°F NMR (376 MHz, Acetone-ds) & (ppm)
59.75; HRMS (ESI): Exact mass calcd for C33H34FN;05; [M+H], 540.2622. Found 540.2656; HPLC: ChiralPak AD-
H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, #zx(major) = 15.452 min, fr(minor) = 26.122 min, 98 % ee.
Cl

Ph

Ph/<\N

0]

-N
CO,Bu p'
3bc
Yellow oil; 72% yield; [a]p* = -38.5° (¢ = 0.21, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.60 (s, 1H),
7.58 (s, 1H), 7.49-7.47 (m, 3H), 7.45-7.41 (m, 1H), 7.38-7.34 (m, 2H), 7.24 (q, J = 8.36 Hz, 4H), 7.03-7.01 (m, 2H),
5.94 (s, 1H), 4.23-4.17 (m, 2H), 3.74-3.62 (m, 2H), 2.35 (s, 3H), 2.16 (s, 3H), 1.28 (s, 9H); 3C NMR (101 MHz,
Acetone-dg) 6 (ppm) 171.77,171.12, 169.05, 151.32, 143.46, 140.65, 139.31, 136.23, 131.94, 130.47, 130.35, 128.64,
128.54, 128.44, 128.08, 127.99, 127.65, 110.80, 80.73, 71.04, 44.52, 36.98, 27.11, 13.58, 12.91; HRMS (ESI): Exact
mass calcd for C33H34CIN;O3 [M+H]?, 556.2367. Found 556.2360. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10,

1.0 mL/min, 254 nm, fr(major) = 5.513 min, fg(minor) = 9.225 min, 98.5 % ee.
CF3

Ph

0
Ph/<\N

N/N\
CO,Bu M

3bd
Yellow oil; 93% yield; [a]p? = -41.5° (¢ = 0.21, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.61-7.58 (m,
4H), 7.48- 7.42 (m, 6H), 7.39-7.35 (m, 2H), 6.99-6.96 (m, 2H), 5.95 (s, 1H), 4.28 (q, J = 7.60 Hz, 1H), 4.22 (d, J =
6.60 Hz, 1H), 3.81-3.70 (m, 2H), 2.35 (s, 3H), 2.17 (s, 3H), 1.28 (s, 9H); *C NMR (101 MHz, Acetone-ds) 8 (ppm)
171.71, 171.27, 168.96, 151.42, 146.52, 143.50, 139.27, 136.14, 130.52, 129.39, 128.66, 128.56, 128.42, 128.22,
128.01, 127.58, 124.97, 124.93, 110.85, 80.87, 70.82, 44.96, 36.72, 27.08, 13.55, 12.90; F NMR (376 MHz,
Acetone-dg) 6 (ppm) -62.85; HRMS (ESI): Exact mass caled for C53H34F3N305 [M+H], 590.2631. Found 590.2624;
HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 4.984 min, fr(minor) = 8.483 min,
98% ee.

F
Ph

Ph/k\N

(0]

N/N\
CO,Bu M

3be
Yellow oil; 92% yield; [a]p? = -41.3° (¢ = 0.18, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.63-7.61 (m,
2H), 7.51-7.44 (m, 4H), 7.38-7.37 (m, 2H), 7.24-7.17 (m, 2H), 7.08-7.05 (m, 3H), 5.97 (s, 1H), 4.23-4.18 (m, 2H),
3.72-3.70 (m, 2H), 2.38 (s, 3H), 2.19 (s, 3H), 1.32 (s, 9H); 13C NMR (101 MHz, Acetone-ds) & (ppm) 171.70, 171.28,
168.97, 151.41, 143.49, 139.26, 136.17, 130.53, 128.69, 128.54, 128.47, 128.02, 127.61, 125.09, 125.06, 125.02,
117.65, 117.48, 116.89, 116.72, 110.85, 80.86, 70.87, 44.42, 36.94, 27.10, 13.56, 12.90; 'F NMR (376 MHz,
Acetone-dg) d (ppm) -140.46, -140.52, -142.84, -142.90; HRMS (ESI): Exact mass calcd for C;3H33F,N30;
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[M-+H]*, 558.2568. Found 558.2565. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, fg(major)
=6.929 min, tx(minor) = 11.534 min, 98% ee.

pr” N -N

N7
CO,'Bu )J/
3bf
Yellow oil; 87% yield; [a]p? = -57.6° (¢ = 0.13, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.63-7.60 (m,
2H), 7.46-7.33 (m, 6H), 7.20 (dd, J, = 2.64 Hz, J, = 6.12 Hz, 1H), 7.03-6.98 (m, 1H), 6.78 (d, /= 5.40 Hz, 2H), 6.00
(s, 1H), 4.71-4.69 (m, 1H), 4.29 (d, J = 5.04 Hz, 1H), 3.97 (dd, J, =9.62 Hz, J, = 7.64 Hz, 1H), 3.77 (dd, J, = 12.28
Hz, J, = 5.0 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 1.36 (s, 9H); 3C NMR (101 MHz, Acetone-dg) & (ppm) 177.77,
171.72, 171.34, 169.10, 162.34, 159.89, 151.45, 143.50, 139.24, 136.17, 135.29, 135.26, 134.73, 134.63, 130.77,
130.68, 130.48, 128.62, 128.56, 128.40, 128.03, 127.30, 121.90, 116.59, 116.34, 113.72, 113.51, 110.88, 102.71,
96.59, 95.52, 80.91, 68.29, 40.47, 35.68, 27.17, 13.52, 12.93.; 'F NMR (376 MHz, Acetone-dg) -115.62; HRMS
(ESI): Exact mass calcd for C33H33CIFN;O5 [M+H]*, 574.2273. Found 574.2265; HPLC: ChiralPak AD-H, n-hex/i-

PrOH = 95:5, 0.5 mL/min, 254 nm, fg(major) = 14.634 min, tg(minor) = 16.468 min, 98% ee.
F
Br
Ph

Ph/k\N

o "
CO,Bu M
3bg

Yellow oil; 90% yield; [a]p? = -47.8° (¢ = 0.21, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.62-7.60 (m,
2H), 7.53-7.35 (m, 8H), 7.27-7.23 (m, 1H), 7.15 (t, /= 8.64 Hz, 1H), 7.03-7.01 (m, 1H), 5.96 (s, 1H), 4.19-4.16 (m,
2H), 3.73-3.66 (m, 2H), 2.36 (s, 3H), 2.19 (s, 3H), 1.30 (s, 9H); '*C NMR (101 MHz, Acetone-ds) & (ppm) 171.72,
171.30, 168.96, 151.44, 143.49, 139.67, 139.27, 136.18, 133.85, 130.53, 129.63, 129.56, 128.70, 128.56, 128.47,
128.02, 127.60, 117.56, 116.14, 115.92, 110.88, 109.65, 107.78, 107.57, 96.40, 80.89, 70.85, 44.31, 36.86, 27.11,
13.55,12.91; 9F NMR (376 MHz, Acetone-ds) & (ppm) -112.26; HRMS (ESI): Exact mass calcd for C33H33BrFN;03
[M+H]*, 618.1768. Found 618.1750; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tz(major)
= 13.978 min, tg(minor) = 22.215 min, 98.4% ee.

Ph

Ph/Q\N

(0]

N
CO,'Bu )NJ
3bh

Yellow oil; 23% yield; [a]p? = -24.2° (¢ = 0.14, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.59-7.57 (m,
2H), 7.47-7.40 (m, 4H), 7.37-7.34 (m, 2H), 7.04 (q, J = 8.0 Hz, 4H), 6.99-6.96 (m, 2H), 5.92 (s, 3H), 4.21-4.15 (m,
2H), 3.70-3.59 (m, 2H), 2.35 (s, 3H), 2.24 (s, 3H), 2.16 (s, 3H), 1.28 (s, 9H); '*C NMR (101 MHz, Acetone-dg) &
(ppm) 172.00, 170.72, 169.27, 151.13, 143.39, 139.43, 138.70, 136.35, 136.00, 130.35, 128.66, 128.50, 128.45,
128.34, 127.93, 127.71, 110.70, 80.43, 71.47, 44.62, 37.05, 27.13, 20.10, 13.61, 12.91; HRMS (ESI): Exact mass
caled for Cs4H37N303 [M+H]", 536.2913. Found 536.2910; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0
mL/min, 254 nm, tg(major) = 5.147 min, fg(minor) = 7.191 min, 97% ee.
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OCH;

Ph

ph—A i

N -N

N7
CO,Bu )Jﬁ

3bi
Yellow oil; 10% yield; [a]p® = -25.4° (¢ = 0.05, CH,Cl,). '"H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.60 (s, 1H),
7.58 (s, 1H), 7.48-7.34 (m, 6H), 7.11 (s, 1H), 7.09 (s, 1H), 7.03-7.01 (m, 2H), 6.79 (s, 1H), 6.77 (s, 1H), 5.92 (s, 1H),
4.20-4.15 (m, 2H), 3.72 (s, 3H), 3.64-3.61 (m, 2H), 2.35 (s, 3H), 2.16 (s, 3H), 1.28 (s, 9H); 3C NMR (101 MHz,
Acetone-dg) 6 (ppm) 172.01, 170.70, 169.30, 158.65, 151.12, 143.38, 139.43, 136.37, 133.53, 130.35, 129.52, 128.50,
128.36, 127.94, 127.72, 113.42, 110.69, 80.39, 71.59, 54.55, 44.29, 37.28, 27.13, 13.60, 12.90; HRMS (ESI): Exact
mass calcd for C33H37N30,4 [M+H]", 552.2862. Found 552.2855; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10,
1.0 mL/min, 254 nm, fg(major) = 6.600 min, fx(minor) = 12.092 min, 96% ee.

Ph O
Ph—N &
N -N

CO,Bu )NJ
3bj
Yellow oil; 44% yield; [a]p? = -94.2° (¢ = 0.11, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) 8 (ppm) 7.57-7.55 (m,
2H), 7.52-7.49 (m, 3H), 7.41 (d, J=7.24 Hz, 1H), 7.37-7.32 (m, 3H), 7.05- 7.03 (m, 2H), 6.27 (dd, J, = 1.88 Hz, J,
= 1.2 Hz, 1H), 6.09 (d, J = 2.84 Hz, 1H), 5.97 (s, 1H), 4.34-4.27 (m, 2H), 3.75-3.63 (m, 2H), 2.42 (s, 3H), 2.17 (s,
3H), 1.38 (s, 9H), 3*C NMR (101 MHz, Acetone-dg) & (ppm) 171.75, 171.12, 169.10, 155.04, 151.39, 143.55, 141.46,
139.42, 136.27, 130.40, 128.64, 128.54, 128.41, 127.92, 127.73, 110.86, 110.13, 106.34, 80.82, 68.92, 38.71, 35.12,
27.19, 13.63, 12.91; HRMS (ESI): Exact mass calcd for C3;H33N30,4 [M+H]*, 512.2549. Found 512.2546. HPLC:
ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.5 mL/min, 254 nm, merged; ChiralPak OD-H, n-hex/i-PrOH = 98:2, 0.5

mL/min, 254 nm, merged.

Ph S
PhY 0
N -N

N7\
CO,Bu )Jﬁ

3bk
Yellow oil; 45% yield; [a]p® = -105.0° (¢ = 0.12, CH,Cl,). '"H NMR (400 MHz, Acetone-ds) & (ppm) 7.62 (d, J =
7.2 Hz, 2H), 7.48-7.42 (m, 4H), 7.37 (t, J = 7.64 Hz, 2H), 7.23 (d, J = 4.96 Hz, 1H), 7.03-7.00 (m, 2H), 6.89-6.85
(m, 2H), 5.96 (s, 1H), 4.53 (q, J=5.96 Hz, 1H), 4.20 (d, /= 5.64 Hz, 1H), 3.75 (dd, J; =4.48 Hz, J, = 3.44 Hz, 2H),
2.39 (s, 3H), 2.17 (s, 3H), 1.35 (s, 9H); 3C NMR (101 MHz, Acetone-ds) & (ppm) 171.54, 171.29, 168.98, 151.38,
144.76, 143.50, 139.38, 136.27, 130.47, 128.63, 128.60, 128.39, 127.98, 127.61, 126.32, 125.14, 124.02, 110.83,
80.88, 71.33,40.23,38.37,27.17, 13.60, 12.92; HRMS (ESI): Exact mass calcd for C3;H33N30;3S [M+H]*, 528.2321.
Found 528.2319. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 5.484 min,
tr(minor) = 6.355 min, 97.2% ee.
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2.2 General procedure for acidic hydrolysis and in-situ lactamation

R 0 H
Ph._N N 4 NHCI ROC_N
\r/ NTR I TEE—— \L):o
Ph  CO,R = CH.Cly, rt., 2 h .
3 4, quant. yields

MeO,C

H H H H
H MeO,C, MeO,C,
o o e e o
F cl cl F4C

4aa, 99.2% ee 4ab, 97.5% ee 4ac, 94% ee 4bc, 96.2% ee 4ad, 97.4% ee
ent-4ac, 95% ee

H
MeO,C_K MeOzC\LN): MeO,Co__N MeO,C_H
o
o o o
F F ol MeO

4ae, 96% ee 4af, 96.7% ee 4ah, 98.4% e 4ai, 99% ee

BuO,C

a. All reactions were performed in 0.5 mmol scale; b. The ee of products
was determined by chiral HPLC column (Diacel ChiralPak AD-H).

The Michael adduct 3aa (0.5 mmol, 0.24 g) was treated by 4.0 M HCI aq. (0.5 mL) in CH,Cl, (2.0 mL at room
temperature. When 3aa was completely consumed (checked by a TLC), the reaction mixture was diluted by 10.0 mL
of CH,Cl,, the organic layer was washed by 5.0 mL of water and 5.0 mL of brine, then it was dried over anhydrous
Na,S0O,. The solvent was removed by an evaporator and the residue was purified by a flash column chromatography
to provide pure 4aa in quant. yield as white solid.

MGOZC NH
(0]
© 4aa

White solid; quant. yield; [a]p?® = 52.4° (¢ = 0.05, CH,Cl,), m.p. 108.5-109.6 °C. 'H NMR (400 MHz, Acetone-ds)
d (ppm) 7.38-7.36(m, 4H), 7.34-7.26 (m, 1H), 7.21 (br, 1H), 4.26 (d, J = 4.92 Hz, 1H), 3.73-3.68 (m, 1H, merged),
3.70 (s, 3H, OCH3), 2.73 (dd, J; = 9.32 Hz, J, = 7.52 Hz, 1H), 2.33 (dd, J; = 10.6 Hz, J, = 6.28 Hz, 1H); 13C NMR
(101 MHz, Acetone-dg) & (ppm) 176.15, 173.17, 143.83, 129.70, 128.01, 127.79, 63.43, 52.54, 44.91, 38.37; HRMS
(ESI): Exact mass calcd for C,H4NO3; [M+H]", 220.0974. Found 220.0978. HPLC: ChiralPak AD-H, n-hex/i-PrOH
=90:10, 1.0 mL/min, 230 nm, fx(major) = 17.442 min, fg(minor) = 23.850 min, 99.2% ee.

MeOZC NH
N %
O

White solid; quant. yield; [a]p* = 57.1° (¢ = 0.05, CH,Cl,), m.p. 75.2-76.5 °C. "TH NMR (400 MHz, Acetone-dg) &
(ppm) 7.43 (dd, J, = 5.56 Hz, J, = 2.52 Hz, 2H), 7.36 (br, 1H), 7.13 (t, J = 8.72 Hz, 2H), 4.26 (d, /= 5.2 Hz, 1H),
3.76-3.72 (m, 1H), 3.73 (s, 3H, OCH3), 2.74 (dd, J; =9.28 Hz, J, = 7.6 Hz, 1H), 2.35 (dd, J; = 10.24 Hz, J, = 6.6 Hz,
1H); 13C NMR (101 MHz, Acetone-ds) & (ppm) 176.24, 173.01, 164.00, 161.58, 139.72 (d, Jc.r = 3.06 Hz), 129.82,
116.39, 116.18, 63.53, 52.60, 44.26, 38.54; '°F NMR (376 MHz, Acetone-ds) & (ppm) 60.27, HRMS (ESI): Exact
mass calcd for C,H3FNO; [M+H]", 238.0879. Found 238.0884. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10,
1.0 mL/min, 230 nm, fg(major) = 16.263 min, tg(minor) = 22.227 min, 97.5% ee.
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MeOCy_ 1y
W O

White solid; quant. yield; [a]p?® = 61.9° (¢ = 0.05, CH,Cl,), 104.1-104.9 °C. 'H NMR (400 MHz, Acetone-ds) &
(ppm) 7.43-7.38 (m, 4H), 7.24 (m, 1H), 4.26 (d, J = 5.16 Hz, 1H), 3.74-3.72 (m, 1H), 3.70 (s, 3H, OCHj3), 2.73 (dd,
J1 =9.28 Hz, J, = 7.56 Hz, 1H), 2.34 (dd, J, = 10.32 Hz, J, = 6.56 Hz, 1H); 3*C NMR (101 MHz, Acetone-ds) &
(ppm) 175.90, 172.92, 142.59, 133.29, 129.72, 129.67, 63.25, 52.58, 44.34, 38.34; HRMS (ESI): Exact mass calcd
for C,H;CINO;* [M+H]*, 254.0578. Found 254.0588. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min,
230 nm, fr(major) = 8.933 min, fg(minor) = 12.187 min, 94% ee.

MeO,C, ..

(0]

Cl ent-4ac

White solid; quant. yield; [a]p® = -63.3° (¢ = 0.05, CH,Cl,), m.p. 103.4-104.2 °C. 'H NMR (400 MHz, Acetone-ds)
d (ppm) 7.43-7.40 (m, 4H), 7.24 (br, 1H), 4.26 (d, J=5.16 Hz, 1H), 3.74-3.72 (m, 1H), 3.70 (s, 3H, OCH3), 2.73 (dd,
J1 =9.28 Hz, J, = 7.56 Hz, 1H), 2.34 (dd, J, = 10.32 Hz, J, = 6.56 Hz, 1H); 3C NMR (101 MHz, Acetone-ds) &
(ppm) 175.85, 172.93, 142.60, 133.28, 129.74, 129.67, 63.23, 52.58, 44.34, 38.34; HPLC: ChiralPak AD-H, n-hex/i-
PrOH = 80:20, 1.0 mL/min, 230 nm, tg(major) = 12.578 min, fgx(minor) = 9.064 min, 95% ee.

1
BUOQC NH
o)

Yellow oil; quant. yield; [a]p?® = 107.2° (¢ = 0.052, CH,Cl,). 'H NMR (400 MHz, Acetone-dg) & (ppm) 7.45-7.38
(m, 4H), 7.28 (m, 1H), 4.14 (d, J = 5.96 Hz, 1H), 3.70-3.64 (m, 1H), 2.70 (dd, J; = 9.2 Hz, J, = 7.56 Hz, 1H), 2.36
(dd, J1 = 9.4 Hz, J, = 7.4 Hz, 1H), 1.41 (s, 9H, ‘Bu); 3*C NMR (101 MHz, Acetone-ds) 8 (ppm) 175.84, 171.53,
142.56, 133.18, 129.96, 129.56, 82.21, 63.99, 44.77, 38.73, 28.08; HRMS (ESI): Exact mass calcd for C;5H;oCINO;
[M-+H]*, 296.1048. Found 296.1057. HPLC: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 230 nm, tg(major)
= 13.567 min, tg(minor) = 21.331 min, 96.2% ee.

MeO,C

NH
o
FiC” i

4ad

White solid; quant. yield; [a]p?® = 73.4° (¢ = 0.05, CH,Cl,), m.p. 106.5-108.2 °C. 'H NMR (400 MHz, Acetone-ds)
& (ppm) 7.73 (d, J = 8.16 Hz, 2H), 7.64 (d, J = 8.12 Hz, 2H), 7.25 (br, 1H), 4.33 (d, J= 5.2 Hz, 1H), 3.88-3.83 (m,
1H), 3.1 (s, 3H, OCH3), 2.78 (dd, J; = 9.24 Hz, J, = 7.64 Hz, 1H), 2.40 (dd, J, = 10.32 Hz, J, = 6.56 Hz, 1H); 13C
NMR (101 MHz, Acetone-ds) & (ppm) 175.64, 172.82, 148.28, 128.83, 126.56 (q, Jc.r = 3.90 Hz), 62.95, 52.62,
44.64, 38.24; ''F NMR (376 MHz, Acetone-ds) 8 (ppm) 114.51; HRMS (ESI): Exact mass calcd for Ci3H{,F;NO;
[M-+H]*, 288.0848. Found 288.0853. HPLC: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 230 nm, tz(major)
= 12.691 min, tg(minor) = 21.193 min, 97.4% ee.
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MGOZC

NH
o]
A2

F 4ae

White solid; quant. yield; [a]p> = 21.7° (¢ = 0.05, CH,Cl,), m.p. 87.7-88.6 °C. 'H NMR (400 MHz, Acetone-dg) &
(ppm) 7.45-7.40 (m, 2H), 7.35-7.29 (m, 1H), 7.26 (br, 1H), 4.31 (d, J=5.68 Hz, 1H), 3.78-3.73 (m, 1H), 3.70 (s, 3H,
OCHs3), 2.74 (dd, J; = 9.28 Hz, J, = 7.6 Hz, 1H), 2.39 (dd, J; = 9.8 Hz, J, = 7.08 Hz, 1H); 3C NMR (101 MHz,
Acetone-dg) 6 (ppm) 175.89, 172.78, 151.75 (dd, Jcr = 74.62, 12.76 Hz), 149.31 (dd, Jor = 74.18, 12.70 Hz), 141.09
(dd, Jc.r=3.90, 1.12 Hz), 124.79 (dd, Jcr = 3.54, 1.24 Hz), 118.40 (d, Jcg=17.10 Hz), 117.11 (d, Jor = 17.80 Hz),
63.19,52.65,44.23,38.50; '9F NMR (376 MHz, Acetone-dg) & (ppm) 38.05, 37.99, 35.16, 35.10; HRMS (ESI): Exact
mass calcd for C;,H;;F,NO; [M+H]*, 256.0785. Found 256.0787. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10,
1.0 mL/min, 230 nm, fg(major) = 17.222, tg(minor) = 21.366 min, 96% ee.

MeOZC NH
W O

White solid; quant. yield; [a]p* = 65.3° (¢ = 0.05, CH,Cl,), m.p. 67.8-69.4 °C. 'TH NMR (400 MHz, Acetone-dg) &
(ppm) 7.61 (dd, J, = 2.68 Hz, J, = 6.0 Hz, 1H), 7.37 (brs, 1H), 7.31 (dd, J, = 2.6 Hz, J, = 6.08 Hz, 1H), 7.20 (td, J,
=2.52 Hz, J, =5.84 Hz, 1H), 4.32 (d, /= 4.88 Hz, 1H), 4.16-4.11 (m, 1H), 3.71 (s, 3H), 2.79 (dd, J; = 7.6 Hz, J, =
9.32 Hz, 1H), 2.35 (dd, J; = 6.08 Hz, J, = 10.84 Hz, 1H); '°F NMR (376 MHz, Acetone-ds) & (ppm) 62.78; HRMS
(ESI): Exact mass calcd for C;,H;;CIFNO; [M+H]*, 272.0490. Found 272.0494. HPLC: ChiralPak AD-H, n-hex/i-
PrOH =90:10, 1.0 mL/min, 230 nm, fr(major) = 17.278 min, fg(minor) = 23.051 min, 96.7% ee.

M902C

NH
= O
/© 4ah

White solid; quant. yield; [a]p> = 41.7° (¢ = 0.05, CH,Cl,), m.p. 83.5-84.4 °C. 'TH NMR (400 MHz, Acetone-dg) &
(ppm) 7.34 (brs, 1H), 7.24 (d, J = 8.0 Hz, 4H), 7.17 ((d, J = 7.88 Hz, 2H), 4.22 ((d, J = 5.0 Hz, 1H), 3.69 (s, 3H,
OCHs;), 3.68-3.62 (m, 1H), 2.71 (dd, J, = 7.56 Hz, J, = 9.28 Hz, 1H), 2.32 (dd, J; = 6.36 Hz, J, = 10.6 Hz, 1H), 2.30
(s, 3H, CH3); 3C NMR (101 MHz, Acetone-ds) & (ppm) 176.48, 173.22, 140.76, 137.48, 130.29, 127.70, 63.62,
52.56, 44.61, 38.48, 21.04; HRMS (ESI): Exact mass calcd for C;3HsNO; [M+H]*, 234.1130. Found 234.1113.
HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, fg(major) = 15.964 min, fg(minor) = 20.338

min, 98.4% ee.

MeOC(
W O
JO .

Yellow oil; quant. yield; [a]p® = 43.8° (¢ = 0.05, CH,Cl,). '"H NMR (400 MHz, Acetone-ds) 8 (ppm) 7.30 (d, J =
8.68 Hz, 2H), 7.16 (br, 1H), 6.93 (d, J=8.72 Hz, 2H), 4.22 (d, /= 5.12 Hz, 1H), 3.80 (s, 3H), 3.71 (s, 3H), 3.68-3.63
(m, 1H), 2.70 (dd, J, = 7.6 Hz, J, = 9.24 Hz, 1H), 2.32 (dd, J, = 6.48 Hz, J, = 10.32 Hz, 1H); 3C NMR (101 MHz,
Acetone-dg) 6 (ppm) 176.20, 173.22, 159.85, 135.61, 128.84, 115.00, 63.70, 55.53, 52.48, 44.33, 38.48; HRMS (ESI):
Exact mass calcd for C3H(NO4 [M+H]*, 250.1079. Found 250.1081. HPLC: ChiralPak AD-H, n-hex/i-PrOH =
90:10, 1.0 mL/min, 230 nm, fg(major) = 22.536, tx(minor)= 30.339 min, 99% ee.
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3. X-ray single crystal diffraction analysis of 4ac and ent-4ac

Cl
@ COzMe

H

%
4ac CCDC 2133196

Crystals of 4ac was obtained by recrystallization from the mixed solvent of n-hexane and dichloromethane. CCDC
2133196 contains its detail crystal structure data.
Table S1 Crystal data and structure refinement for C,H;,CINO; of 4ac

Empirical formula C,H,CINO;
Formula weight 253.68
Temperature/K 230.00(10)
Crystal system orthorhombic
Space group P2,242,

a/A 5.78020(10)

b/A 7.48790(10)

c/A 27.71844(5)

a/° 90

p/e 90

v/° 90

Volume/A3 1202.55(3)

Z 4

Pealcg/cm? 1.401

wmm-! 2.798

F(000) 528.0

Crystal size/mm?3 0.11 x 0.1 x 0.09
Radiation CuKa (A =1.54184)
20 range for data collection/® 12.242 to 131.862
Index ranges -6<h<6,-8<k<8§,-29<1<32
Reflections collected 4506

Independent reflections 2082 [Rint = 0.0181, Rgigma = 0.0221]
Data/restraints/parameters ~ 2082/0/156

Goodness-of-fit on F? 1.084

Final R indexes [I>=2c (I)] R;=0.0251, wR, =0.0661

Final R indexes [all data] R;=0.0261, wR, =0.0669

Largest diff. peak/hole / ¢ A3 0.14/-0.19

Flack parameter 0.004(6)
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H = -._/FL -
\o“. %’{;’:’/ \‘-S}\\éé:\».
cl &=
ent-4ac CCDC 2222101

Crystals of ent-4ac was obtained by recrystallization from the mixed solvent of n-hexane and dichloromethane.
CCDC 2222101 contains its detail crystal structure data.

Table S2 Crystal data and structure refinement for C,H;,CINO; of ent-4ac

Empirical formula C,H,CINO;
Formula weight 253.68
Temperature/K 240.00(10)
Crystal system orthorhombic
Space group P2,2,2,

a/A 5.7785(3)

b/A 7.4826(3)

c/A 27.8645(11)

a/° 90

p/e 90

v/° 90

Volume/A3 1204.81(9)

Z 4

Pealcg/cm’ 1.399

wmm'! 2.793

F(000) 528.0

Crystal size/mm? 0.13 x0.12 x0.11
Radiation CuKa (A =1.54184)
20 range for data collection/® 12.248 to 133.028
Index ranges -6<h<4,-6<k<8,-22<1<33
Reflections collected 3366

Independent reflections 2090 [Rine = 0.0225, Rgigma = 0.0339]
Data/restraints/parameters ~ 2090/0/155

Goodness-of-fit on F? 1.045

Final R indexes [I>=2c (I)] R; =0.0348, wR, =0.0792

Final R indexes [all data] R; =0.0405, wR, = 0.0840

Largest diff. peak/hole / ¢ A3 0.13/-0.17

Flack parameter 0.029(13)
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5. NOESY Copies
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6. HRMS scanning copies

1
1224-1-byj-107 212 (1.193) 1: TOF MS ES+
72l 480.2285 2.83¢5
Ph o
Ph - NS
{ |
COo,Me N=
3aa
calcd. for CaoHpgN3O3 [M+H]*, 480.2287
Found 480.2285
<
481.2353
480.1785)
480.1287|| 482 2362
4052470 4133135420.3022 443331 qag a2z 457340500 oy || 4933138 5173617 5323704.537.3387 5594978 573951 561.3499
R PURSPO Yoo eruANUOSOUUS WOUBUORSSON o soimntlASMUOPNAC:.: . -vo || OUVISIY /OPROMDTORMN Uit oo I WORBIOUOO OO ool
400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

MNumber of isotope peaks used for i-FIT = 3

Monoisatopic Mass, Even Electron lons

997 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:30-31 H:0-32 N:06 0:0-20 Br:0-8 Mo:0-1

1
1224-1-byj-107 212 (1.193) 1: TOF MS ES+
2.83e+005

480.2285

100

. 4052470 443 3128 443.3311,449.2822 93.3134 532.3794537.3387 9904978 57 595 813499
400 410 420 430 440 450 460 470 480 @ 490 500 510 520 530 540 550 560 570 580
Minimum: =15
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE iFIT  Norm  Conf(%) Formula

480, 2285 480, 2287 0.2 0.4 17.5 B896.5 n/a n/a C30 130 N3 03

S57



1
1224-1-byj-101 111 (0.631) 1: TOF MS ES+
72l 498.2192 6.21¢6)

=N
Ph>7 NN
CoMe N
3ab

calcd. for CaoHpFN3O3 [M+H]*, 498.2193
Found 498.2192

%

499.2221

520.2007

5212038

424.1312 sy | RS 520.139)

: ; 536.1740

" [ 4341738 149 2834 465.1435 487.3472 498 0621 | | | 901-2693 ot T 540.3613___ 561.3802°7°4933 5813652
e :

T T T T T T T T T T T T T T 1 T T T 1 T T T T T T RRA Ay AR T P MiZ
430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

2501 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:30-30 H:29-29 N:0-6 0:0-20 S:0-4 Mo:0-1 F:0-1

1
1224-1-byj-101 111 (0.631) 1: TOF MS ES+

6.21e+006
498 2192

5212038 5361740
: so171 2704333554 3657

miz
430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590

Minimum: -1.5

Max imum: 2.0 100 50.0

Mass Calc. Mass mDa PPM DBE i=FIT  Norm Conf (%) Formula
498.2192  498. 2193 -0.1 -0.2 17.5 973.0 n/a n/a C30 H29 N3 03 F
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byj-79 135 (0.785) 1: TOF MS ES+
100- 514.1895 5.27¢6
Cl
Ph
BN i
Ph N
N A\
CO,Me  N=
3ac
= calcd. for C39HpgCIN3O5 [M+H]*, 514.1897
Found 514.1985
| 516.1874
517.1896
532.2959
4952415 4977590 5023107 50, 2o S 514.1108| ;‘319135201691 525.8601 5268628 532.2465 -;’33-2977
. e TR N N T e M R e RN TR B S B R e P N [ I SR I R M T B O P e T e e e e e 7
496 498 500 502 504 506 508 510 512 514 516 518 520 522 524 526 528 530 532 534
Single Mass Analysis
Tolerance = 20.0 PPM / DBE: min =-1.5 max =50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
15 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:20-30 H:0-50 N:3-6 0:3-3 CI:11
byj-79 135 (0.765)
1: TOF MS ES+
5.27e+006
514.1895 516.1874
10y 4952415 407 7500 504.2983 5091975 , 2191815 5219330 55 apgyso6 8608 5322055330077
e e L L B i o St e e R
4950 5000 5050 5100 5150 5200 5250 530.0 535.0
Minimum: -1.5
Maximum: 5.0 20.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
514.1895 514.1897 -0.2 -0.4 17.5 887.8 n/a n/a C30 H29 N3 03 C1
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1

1224-1-byj-102 121 (0.692) 1: TOF MS ES+
100+ 548.2158 1.28¢e7
CF3
Ph 0]
pon
N
P N
4521471 CO,Me N
3ad
calcd. for Ca1HpgF3N303 [M+H]*, 548.2161
Found 548.2158
ol 453 1505
5492183
452 1078
424.1518
a61314 454.1534 5502217
: 548.1311
301.1405 J355 1342 424 105 el 571.2012 686.1700 757.0483
274.6099 %> 384 0807 |~ I | 546.4420. ’ 6254130 669.4208 °°- 713.4241

T m/z
260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

6323 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:31-31 H:29-29 N:0-6 0:0-20 F:0-4 S:0-4 Mo:0-1

1

1224-1-byj-102 121 (0.692) 1: TOF MS ES+
1.28e+007

548.2158

5492183

550.2217 570.1971

484 1731 498.1761 548 1311 6861700 7084908 7292700

86.1692 625.4130.633.3651  669.4208

miz

480 500 520 540 560 580 600 620 640 660 680 700 720 740

Minimum: -1.5
Maximum: 5.0 10.0 5
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf(%) Formula

948.2158 548, 2161 -0.3 -0.5 17.5 1023.3 n/a n/a C31 H29 N3 03 F3
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1
1224-1-byj-104 112 (0.636) 1: TOF MS ES+
100+ 516.2098 9.80e6|
F
F
Ph
BN i
Ph N NN
|
COMe N=
3ae
calcd. for C3gHa7FoN3O5 [M+H]*, 516.2099
= Found 514.2098
517.2122
538.1912
516.1383| 3182150 .
442.1007 452.1721 487.3604 4933135 516.0716 535'122% / 554.1625 570495513567 9094501 101808
O T T T T T T T T T T T | RARRERARAS T T T T T T T LRAARS MARAS RRARY T T T T M/z
440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610
Single Mass Analysis
Tolerance = 10.0 PPM [/ DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
26636 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:30-30 H:28-28 N:0-6 0:0-20 F:0-4 S:0-4 Cl:0-4 Mo:0-1
1
1224-1-byj-104 112 (0.636) 1: TOF MS ES+
9.80e+006
10 516.2098
%
517.2122
516.1383(| 518.2150
452.1721 487.3602 193 3138 5381912 554 1695 575.4140.581.3562 3894501 6101828
440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610
Minimum: -1.6
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i=FIT  Norm Conf (%) Formula
516.2098  516. 2099 -0.1 -0.2 17.5 1115.3 n/a n/a C30 H28 N3 03 F2
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1
1224-1-byj-103 183 (1.033)

1: TOF MS ES+
100 532.1805 3.34e5|
F
Ph ClI (0]
=N NN
<l PH '
s COo,Me N
3af

calcd. for CagHp7CIFN3O4 [M+H]*, 532.1803
Found 532.1805

534.1855

532,080 535.1839
452.1512 559.120
N * 465.1636 493 L3177?01.3795532,011(3 35.2180 | © 581 l3?10 612.2026 625.3849 649.4352 _ 6069.4097 556‘-.1734692.13421

450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

27669 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:30-30 H:28-28 N:0-6 0:0-20 F:04 S:04 CL04 Mo:0-1

1

1224-1-byj-103 183 (1.033) 1: TOF MS ES+
3.34e+005

532.1805

5341855

532.0893)|[235.1839
452.1512 493.3177

559.1207  581.3710

6253849 6494352 669.4097686.1734 693,08?[]%2

460 480 500 520 540 560 580 600 620 640 660 680 700
Minimum: -1.5
Max imum: 5.0 10.0  530.0
Mass Cale. Mass mDa PPM DBE i=FIT  Norm  Conf (%) Formula
532. 1805  532. 1803 0.2 0.4 17.5 846.7 n/a n/a C30 H28 N3 03 F Cl
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1
1224-1-byj-105 123 (0.702) 1: TOF MS ES+
- 482.0588 1.50e6
100
578.1284
576.1209
F
Br
Ph
/g 9
Ph N NN
y
CcoMe N=
o 3ag
calcd. for CagHa7FBrNGO5 [M+H]*, 576.1298
Found 576.1299
5791312
483.0618
576.0055
436.1131
5321817 576.0244. || 598.1000

o 38 %8 3920556 4360850 TN | 0424936 6pa4645  713.4192.7259851 7985345 ___ 8465101

: - : : : : : ‘ - : { ‘ - - ‘ : - : - :
325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

23180 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:30-30 H:28-28 N:0-6 ©0:0-20 F:0-4 S:0-4 Br:0-8 Mo:0-1

1
12241-byj-105 123 (0.702)

1.TOF MS ES+
1.400+006

% 578 1284
514.0783 537 1817 6424936 664.4645 6853660 _ 713.419p 720 9851 T4THIG 7821347

500 520 540 560 580 600 620 640 660 680 700 720 740 760 780

Minimum: -1.5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPy DBE i=FIT  Norm  Conf (%) Formula

976.1299  976. 1298 0.1 0.2 17.5 9617 n/a n/a C30 H28 N3 03 F Br
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1
1224-1-byj-106 214 (1.203) 1: TOF MS ES+
100+ 494 2445 2.19e5]

NN
CO,Me N=
3ah

calcd. for CaH31N30; [M+H]*, 492.2444.
Found 492.2445

%

4952525

494.1664)
494.1310_|#95.3033 537.3402

. 132607420 3015 449.2772485.1522 5753001281 3537 3988647 6254009 554 495664.4693670.4213
: T e i . e S
80

420 440 460 480 500 520 540 560 580 600 620 640 660

m/z

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1032 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:31-31 H:0-32 N:0-6 0:0-20 Br:0-8 Mo:0-1

1
1224-1.byj-106 214 (1.203) 1: TOF MS ES+

2.19e+005
10 404 2445

Yo

495.2525
494166414495 3033

413.2607 449.2772 537.3402 550 5200 581.3537  390-5647 625 4009544 4208 664.4693 679'882‘5,2
A S s R B s o L L B e o AR RAN LS Lo n e e e e g saaaa tlLl
420 440 460 480 500 520 540 560 580 600 620 640 660
Minimum: -1.6
Max imum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i=FIT  Norm  Conf (%) Formula

494. 2445  494. 2444 0.1 0.2 17.5 880.5 n/a n/a C31 132 N3 03
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1
1224-1-byj-108 105 (0.600) 1: TOF MS ES+
100 510.2396 1.01e7

o
Ph o
=N
PH NS
CoMe N
3ai

calcd. for C31Ha1N304 [M+H]*, 510.2393.
Found 510.2396

511.2419

4451961
stserg) e Fa 0
447.1983 ‘
0 439,0310‘“5'”5J ( a71.1980 4841730 510.0637 532"5%( FON rosazaseisan 095922 gpasrrepsar
3 T T T T T T r—r———rr———;rr———rrr——r——r

460 470 480 ' 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630

430 440 450

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

1107 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:30-31 H:0-32 N:0-6 0:0-20 Br:0-8 Mo: 0-1

1
1224-1-by}-108 105 (0.600) 1: TOF MS ES+

1.01e+007
100 510.2396

Yo

510.1677]
4361497 4461961 4711980 454 4739 5322215 548 1051 575.4104.581.3434 605.4224619.4273 625 3771

430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630

Minimum: z1..h
Maximum: 5.0 10,0 50.0
Mass Calc. Mass mDa  PPM  DBE i-FIT  Norm  Conf(%) Formula

510.2396  510. 2393 0.3 0.6 17.5 1092.0 n/a n/a C31 H32 N3 04
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1
1224-1-byj-108 190 (1.069) 1: TOF MS ES+

L 4702084 1.82e5
100

0}
Ph o]
=N
NN
Ph N
COzMe N
3aj
calcd. for CogHo7N30, [M+H]*, 470.2080.
Found 470.2084
=
471.2021
4492977 4851747 ||472.2102 537.3416
399.3092 415.0541 493.3309 501.3604 532 358 5504847 576.4158581.3889 620.4194
- 605.4196 620.
e \\I.‘.'.\T(\\.‘.lj\f\f..\%\J\ ..\“FI\E...\\\\'\‘mlz
380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

938 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)

Elements Used:
C:28-28 H:0-32 N:0-6 0:0-20 Br:0-8 Mo: 0-1

1
1224-1-by}-109 190 (1.068)

4702084

399.3092

449 29774651747

415.0541
380 400 420 440 460 480
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm
470. 2084 470. 2080 0.4 0.9 16.5 809.0 n/a

1: TOF MS ES+

1.82e+005

493.3309  5313048537.3416 550 4847 576 4158582.3710 6204194
500 520 540 560 580 600 620

Conf (%) Formula
n/a C28 128 N3 04
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1
1224-1-byj-110 111 (0.631) 1: TOF MS ES+
100+ 486.1852 6.30e6
xS
Ph @)
—N
NTN
Ph .
CO,Me N
3ak
calcd. for CogHy7N303S [M+H]+, 486.1851.
Found 486.1852
2
487.1877
508.1668
488.1870
486.1154
509.1705
0 429 2827 443.3_%76 4492776 473.3449 486 D?BBj @89-1865 508.117! r 510.1710 524.|1417 537.3388 5454190  ggq 3904 575_4%;%
430 440 450 460 470 480 490 500 510 520 530 540 550 560 570
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
3872 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:28-28 H:0-32 N:0-8 0:0-20 S:0-4 Br:0-8 Mo:0-1
1
1224-1-byj-110 111 (0.631) 1: TOF MS ES+
6.30e+006
100 486.1852
%o
A87 1877
486.1156| | 488.1870 508.1668
. 4433276 3492776 4733449 5241417 537.3388 24190 5513091 5754018
430 440 450 460 470 480 490 500 510 520 530 540 550 560 570
Minimum: ]
Maximum: 5.0 10.0  30.0
Mass Calc. Mass mba  PPM  DBE i-FIT  Norm Conf(%) Formula
486. 1852  486. 1851 0.1 0.2 16.5 1115.6 n/a n/a C28 H28 N3 03 S
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1. TOF MS ES+
3.

100, 522.2745 95e6

Ph
ph— 2
N NN
CO,Bu )J

3ba

calcd. for Ca3HasN3O3 [M+H]", 522.2757.
Found 522.2745

523.2776
524 2802
! ] 1
5004801505 4427 507.2695 512.4844 ﬁ14,4975 5222148 525.2T71 5285118 5843734 5388608 340.51055,,4_2540

1) - - L - " " - L miz

500 ' 502 504 506 508 510 512 514 | 516 518 520 522 524 526 528 530 532 534 536 538 540 542 544
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max =50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
140 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-33 H:0-50 N:0-8 0:0-8 Na:0-1
BYJ-1 362 (3.291)
1: TOF MS ES+

3.95e+006
1 500.4801 514.4975 5222745 5540802 5285118
QS] i 507.2695 512.4844 : _517.3708 \ , B 3 534.3734 538.8698 544.2540 iz
T T T T T T T T T T T T T T T T T T T
500.0 505.0 510.0 515.0 520.0 5250 5300 5350 540.0 5450

Minimum: zl0
Maximum: 20,0 10.0 50.0
Mass Calc. Mass nDa PPM DBE i-FIT  Norm Conf (%) Formula
522. 2745 522, 2757 -1.2 -2.3 17.5 1012.7 n/a n/a C33 H36 N3 03
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1. TOF MS ES+
100+ 540.2656 4.42e6

F
Ph
Ph/k\N 9
NN
CO,Bu )Q)p
e 3bb

calcd for CagHa4FN3O3 [M+H]Y, 540.2622.
Found 540.2656

541.2687

5422718
1 1

! ! - ! > !
5202311 5313798 5343078 536.1633 5401982 5432720 5454683 5063060 474090 5506640 5513488 553.4321

‘
529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 545 546 547 548 549 550 551 552 553

!
532.3170

o

Vz

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

54 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:31-31 H:0-50 N:0-5 0:0-5 Na:0-1

BYJ-7 210 (1.174)

1. TOF MS ES+
4.42e+006
540.2656 541.2687
ﬂzgi 5292311 531.3798 L0 53_& 1633 537032 | I 3T 546.3960 214400 5513488 553.4321 miz
o o L L o o L L e N R LR RS R e

528.0 530.0 532.0 534.0 536.0 538.0 540.0 542.0 5440 546.0 548.0 550.0 552.0 554.0

Minimum: S5 ]
Maximum: 2000 10.0 50,0
Mass Cale. Mass mDa  PPM  DBE i-FIT  Norm  Conf(%) Formula

540. 2656 540, 2611 4.5 8.3 17.5 886.4 n/a n/a C31 H34 N5 04
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1. TOF MS ES+
4.72e6

100, 556.2360
Cl
Ph
ph— 0
ES N
CO,Bu
5582353 3bc

calcd for C33H34CIN3O3 [M+H]*, 556.2367.

Found 556.2360

559.2378

1
I 560.2382 1
oL, s2a3n 33085y 5y 5463907 5561689 5704533 5782103 5844698 5904225507 1031 6004830
525 530 535 540 545 550 555 560 565 570 575 580 585 580 595 600 05
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
113 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-33 H:0-50 N:0-5 0:0-5 Na:0-1 Cl:1-2
BYJ-10 236 (1.318)
1: TOF MS ES+
4. 72e+006
5 556.2360 558 9353
526.4311 537.5341 546.3997 g 570.4533 578.2103 5844698 5904225 600.4630.602 TP“%
530.0 540.0 550.0 560.0 570.0 580.0 590.0 800.0

Min imum: -1.5
Max imum: 20.0 10.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
556. 2360  556. 2367 -0.7 -1.3 17.5 882.5 n/a n/a C33 H35 N3 03 C1
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BYJ-8 240 (1.339) 1. TOF MS ES+

100- 590.2624 5.09¢6
CF3
Ph
Ph/k\ o
N
CO,'Bu
3bd
calcd for Ca3Ha4F3N3O3 [M+H]*, 590.2631.
Found 590.2624
EE_
591.2654
592.2680
1 ] 1
! ! ! : ! ;
579.6287 5816993 584.4725 585.1857 S90.1790 593.2684 5942665 597 7455 600.4644 8014570 604 2765 6066928
0 T T T T T T T T T T T T T T T T T T T T T T T — m/z
578 580 582 584 586 588 590 592 594 596 598 600 602 604 06
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
156 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:0-50 N:0-5 0O:0-5 Na:01 F:1-3
BYJ-8 240 (1.339)
1: TOF MS ES+
5.09e+006
590.2624 591 2654
mrg] 579.6287 5816993 584.4725585.1857 | 7 593.2684 5953869 597 5485600 46445014570 604.2765 606 ngﬁmfz
T T T T T T e e AT T e
577.5 580.0 582.5 585.0 587.5 590.0 5925 595.0 597.5 600.0 602.5 605.0 607.5

Minimum: -1.b
Maximum: 20,0 10.0 50.0
Mass Cale. Mass mDa PPU DBE i-FIT  Norm Conf (%) Formila

590. 2624 590. 2631 -0.7 -1.2 17.5 859.2 n/a n/a C34 H35 N3 03 F3
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BYJ-9 220 (1.234) 1. TOF MS ES+

100 558.2565 4.75e6
F
F
Ph
Ph/Q\N 2
VRN
CO,'Bu )J/

3be

calcd for C33H33F2N303 [M+H]+, 558.2568.
Found 558.2565

559.2596

560.2622

!
N 546.3996 547-3990 551.3517 ssaaris 564382 | | |%61:2632 5622672 5664697 serssz4 570455 57114568 s75.4008
L T T T T T T T T T T T T T T T T T T T T T T T T T T T T

546 | 548 | 550 | 552 | 554 | 556 | 558 | 560 | 562 | 564 | 566 | 568 | 570 572 | 514 506

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisctopic Mass, Even Electron lons

107 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:33-33 H:0-50 N:0-5 0:0-5 F:1-2 Na:0-1

BYJ-9 220 (1.234)

1. TOF MS ES+
4.756+006

1 5564382 000960 566.4697

QJg] 546.3996_547.3990  551.3517 - | 999.2596561 3087 “O9(567.5524 _ 570.4559 571.4589 5754009

R T R e e e s st B e e
5450 5475 5500 5525 5550 5575 560.0 562.5 565.0 5675 5700 5725 5750

Min imum: -1.5
Max imum: 20,0 10,0  50.0
Mass Cale. Mass mDa  PPM  DBE  i-FIT Norm Conf(%) Formula

558. 2565  558. 2568 -0.3 -0.5 17.5 879.2 n/a n/a C33 H34 N3 03 F2
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BYJ-11 215 (1.208) 1: TOF MS ES+

100 574.2265 4.84e6
F
Ph ¢ o
N _N
Ph MR
CoBu =

3bf

calcd for CagHasCIFNgO5 [M+HI*, 574.2273.

Found 574.2265

=

576.2253
577.2275
: 5582343 5162280 5882424 gon |
| 5513437 556343 308 5634526 567.5540 570.4528 { 5844681 : 590.1855 596.2543507.2563 -
"552 554 556 558 560 562 564 566 568 570 572 574 576 578 580 582 504 586 568 500 502 594 596 598 60O |
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min=-1.5 max =50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
116 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-33 H:0-50 N:0-5 0O:0-5 MNa:01 CI1-2 F:141
BYJ-11 215 (1.208)
1: TOF MS ES+
4.84e+006
574.2265 576.2253
1[}% 551,343755572343 5582343 563.4526 570 4528 584 4681 5882424 590.1955 596.2543 588 2555 -
R e e ]
555.0 560.0 565.0 5700 575.0 580.0 5850 590.0 595.0 00.0
Minimum: -1.5
Max imum: 20,0 1000 50.0
Mass Calc. Mass mDa  PPM DBE i-FIT Norm Conf %) Formula

574.22656 574, 2273 -0.8 -L4 17.5 926.4 n/a n/a C3I3H34 N3 03CIF
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BYJ-12 229 (1.282)

1: TOF MS ES+
1004 620.1736 3.79¢6
618.1750
F
Br
Ph
(0]
ph—A
N
COztBU
3bg
calcd for Ca3Ha3BrFN3O; [M+H]*, 618.1768.
Found 618.1750
aj'_—
619.1783 | 621.1768
p 622.1791 , ;
! i ! ; ! ! ? !
[808.0888 5. 415 6126465 614.4800 618.1044 6231758 8241728 gae5700 eomsora $P94%° ezateze

‘ ;
509 610 611 612 613 614 615 616 617 618 613 620 621 622 623 624 625 626 627 628 629 630 631 632

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

125 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:33-33 H:050 N:0-5 0:05 F:1-1 Na:0-1 Br:1-2

BYJ-12 229 (1.282)

1: TOF MS ES+
3.79e+006
618.1750 620.1736 £21.1768

1‘3@] 610.1815 6126465 6144800 8154863 =/ 623.175854 5865 628 5074 6294999 635 4899 o
T R B A E R i E B R S R B L B o e R R TR
608.0 610.0 6120 6140 616.0 618.0 620.0 622.0 6240 626.0 628.0 630.0 6320

Minimum: =1:8

Maximum: 20.0 10,0 50.0

Mass Calc. Mass mDa PPM DBE i~FIT  Norm  Conf (%) Formula

618. 1750 618, 1768 -1.8 -29 17.56 9143 n/a n/a C33 H34 N3 03 F Br
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BYJ-2 370 (3.360) 1. TOF MS ES+
100+ 536.2910 8.74e6

/zh
PR

CO,'Bu
3bh

calcd for CaqHazN3O3 [M+H]*, 536.2913.
Found 536.2910

537.2039
538.2966
! ! | 1
5203041 5233585 5254985 0285120 5313858 536.2222 5382979 542.5250 5454019 e 554.839855&2705’
L R e o e A S S S S S e L s s B S e S B S S B SR B e S e e s S S e S S s e s e sl 1174
518 520 522 524 526 528 530 532 534 536 538 540 542 544 546 548 550 552 554 556 5
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
180 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:33-34 H:0-50 N:0-8 0:0-8 Na:0-1
BYJ-2 370 (3.360)
1: TOF MS ES+
8.74e+006
1 5285120 531.3858 538'29105372939 540.5131
%3 . 5203041 5233585 5264085 2% : | ST 5131 542 8303 549.4503 552.8370 568.2705
T 1 1 T T 1 T 1 T 1 T 1 T T T T
520.0 525.0 530.0 535.0 540.0 545.0 550.0 555.0
Minimum: =15
Maximum: 20.0  10.0 50.0
Mass Calc. Mass mDa PPM  DBE i-FIT  Norm  Conf (%) Formula

536.2910  536. 2913 -0.3 -0.6 17.5 967.8 n/a n/a €34 H38 N3 03
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BYJ-3 355 (3.223) 1. TOF MS ES+
100+ 552.2855 7.35e¢6

OCH;

Ph

ph—A i

N N

NN
CO,Bu )Q)_’

3bi

& calcd for CasHa7N304 [M+H]', 552.2862.
Found 552.2855

553.2887

559.3397

554.2912
560.3423

> 558.8491 62.8675 |
5285142 5333849536.2000 5404445 5453088 5522133 N (‘, 566.8850 5704531 574.2639 S76.3976

O T T T m/z
528 530 532 534 536 538 540 542 544 546 548 550 552 554 556 558 560 562 564 566 568 570 572 574 576 5/8

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

69 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:33-34 H:0-50 N:0-5 0:0-5 Na:0-1

BYJ-3 355 (3.223)

1: TOF MS ES+

7.35e+006

552.2855
550 5042 5542912 554 3397 550 pa75 5648751 576.3976

1003 508 5142

533.3849 545.3998 5704531 574.2639

miz

530.0 535.0 540.0 545.0 550.0 555.0 560.0 565.0 570.0 575.0
Minimum: -1.5
Max imum: 20.0 10.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula

502. 2855 552 2862 -0.7 -1.3 17.56 939.4 n/a n/a C34 H38 N3 04
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BYJ-5 361 (3.283) 1: TOF MS ES+
1004 512.2546 7.14e6

Ph O__

A\
Ph N N

NN
CO,Bu )J

3bj
calcd for C31H33N30,4 [M+H]*, 512.2549.
Found 512.2546

513.2576

514.2597

4948802 406 8000 ' ' ,
491.4229 | | ass.eees 5004815 s07.2727 5121887 152620 1o qare 5244828 5pg 4343 5285158 5342348

‘
"490 ' 492 ' 494 496 498 500 502 504 506 508 510 512 514 516 518 520 522 524 526 528 530 532 534 536

miz

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

53 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:31-31 H:0-50 N:0-5 0O:0-5 Na:0-1

BYJ-5 361 (3.283)

1: TOF MS ES+
7.14e+006
512.2546
1[%?} 491 4229 494.8802 496 8900 4988983 507 2727 i 514.2597517.3664 5244828 526 4243 528.5158 534 2346
% \ 3
L o o LB e e A e e i el 01 4
4900 4950 500.0 505.0 510.0 515.0 520.0 5250 530.0 5350
Minimum: -1.5
Maximum: 20,0 10.0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

512.2546 512 2549 -0.3 -0.6 16.5 1007.8 n/a n/a C31 H34 N3 04
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BYJ-6 259 (1.447) 1: TOF MS ES+

100 528.2319 5.12e6
Ph s 7
Ph—N
N NN
Co,'Bu )J
3bk

calcd for CaqH3gN303S [M+H]*, 528.2321.
Found 528.2319

EE'
529.2349
530.2335
512.2540 ! 531.2339 | ! !
o51tasss. | 5132575173702 so04825 523 ag52 9281823 { 536.1610 5374991 5414370 5463090 5502123 ssp0830
510 512 514 516 518 520 522 524 526 528 530 532 534 536 538 540 542 544 546 548 550 552
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
109 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:31-31 H:0-50 N:0-5 0O:0-5 Na:0-1 S:0-1
BY.J-6 259 (1.447)
1: TOF MS ES+
5.12e+006
1 5234862526 4312 9282319 5300935
/g:l 512.2540 517.3702 z i . . 536.1610 541.4370 546.3990 552 2830
T B e B B e T LI e e e e w114

5100 515.0 520.0 5250 530.0 5350 540.0 5450 550.0
Minimum: -L.5
Maximum: 20.0 10,0 50,0
Mass Calc. Mass mba  PPM  DBE i-FIT  Norm  Conf(%) Formula

928.2319 528, 2321 -0.2 -0.4 165 898 n/a n/a C31 H34 N3 03 §
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322.5)150

1
1224-1-byj-97 89 (0.508)
100+ 220.0978
MeO,C,
2 NH
. (0]
\“
© 4aa
calcd for C1oH13NO3 [M+H]*, 220.0974.
Found 220.0978
=l
2211011
220.0646
015 242.0744248.0645 301.1425
S S ol o R o st o Y.
170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320

1: TOF MS ES+
6.86e5

357.1472 371.1597

Liaaay | T Tt Miz
350 360 370 380

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

80 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:12-12 H:0-35 N:0-6 0:0-20
1
1224-1byj 97 89 (0.508)

10 220.0978

Y%

221101

220 230 240 250 260 270 280 200 300 310 320

Minimum: =

115,
Max imum: 5.0 100 50.0
Mass Calc. Mass mDa reM DBE i-FIT  Norm Conf(®%) Formula
220.0978  220. 0974 0.4 1.8 6.5 1190.7 n/a n/a C12 H14 N 03

S79

242 0744 248 0645 2802679  301.1425 3220160 338.3426

1: TOF MS ES+

6.86e+005

357.1472371.1597
miz

330 340 350 360 370 380



1
1224-1-byj-87 167 (0.941) 1: TOF MS ES+
100+ 2380884 5.09e5
MeO,C
2 NH
. (0]
o
F 4ab
calcd for C1oH1oFNO3 [M+H]*, 238.0879.
Found 238.0884
=
2300013
oL 1885331193 1581 2011964 2100869 2170459224 0708 2281950 530 2454 2400956 250.1761 2600663 66,1730,
185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
3087 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:12-12 H:13-13 N:0-6 0:0-20 S:0-4 Cl:0-4 Mo:0-1 F:0-4
1
1224-1-byj-87 167 (0.941) 1: TOF MS ES+
5.09e+005
10 238.0884
Yor
239.0913
5 1931581 201.19p4 2100869 217.0459 224.0706 558 19500300481 | [ 250.1761 260.0663 2661730 .
208 5 B L R 5. T TR R ) R0 R SR U L 5 B 0 ST MR 7 B S A 9 R SR B R R e e e
190. 200.0 2100 2200 2300 2400 250.0 260.0
Minimum: ]
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i=FIT  Norm  Conf %) Formula
238. 0884  238. 0879 0.5 2ol 6.5 844.2 n/a n/a CI1ZHI3N O3 F

S80



C12H1203CIN
BYJ-86 71 (0.413) 1: TOF MS ES+
100~ 254.0588 5.59e6

MeO,C,

NH
o
AT o

calcd for CqoH1,CINO [M+H]*, 254.0584.
Found 254.0588

=
256.0553
194.0369
257.0580
151.0312 196.0338
0 1020446 115.0552 | 1530282 | 226.0608 || 276.0394 3191245 3303331 355.9802  386.3408 4371900 4309239
AR Rt nsdd 1 vuand Lisas st Lt s L uiata b v oo sl s AR 50 Al i o SRy s e g VA L) Lt il i it i L st Ly
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
147 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:12-12 H:0-75 N:0-6 ©0:0-12 Si:0-1 CI: 11
C12H1203CIN
BYJ-86 71 (0.413) 1: TOF MS ES+
5.59e+006
254.0588
1150552 1510312 194.0369 226 0609 16,0354 330.3331 355.9802 396.3409 4371900 5509239 miz

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Minimum: =15
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

254. 0588 254. 0584 0.4 1.6 6.5 1187.6 n/a n/a €12 HI3 N 03 C1
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1
1224-1-byj-91 88 (0.502) 1: TOF MS ES+
100+ 296.1057 1.66e5

1Bu0,C,

NH
o

calcd for C15H1gCINO3 [M+H]*, 296.1048.
Found 296.1057

%

298.1026
S 274‘00235 . 296.0685 20071060
[, | .269.5001 | 2779983 omaoe0  2sss113 2928930 o 3043023507 1380%1 020311 14403142713
266 268 270 272 274 276 278 280 282 284 286 288 290 292 294 296 298 300 302 304 306 308 310 312 314 316
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
6597 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:15-15 H 020 N:06 0O 020 F04 S 04 CI04 Mo 01
1
1224-1-byj-91 88 (0.502) 1: TOF MS ES+
1.67e+005

i 296.1057

%

298 1026
276.0034 296 0685
2660903 21400505 284.0160 292.9930. | I 2991080 31 3023 310.0205 3120789
L RS L LML A IV BRI IV I AR I LS R LU U IV U U I I a2
2750 0.0 2 290.0 2950 300.0 3050 310.0 15.0

Minimum: =1..5
Maximum: 5.0 10,0 50,0
Mass Calc. Mass mDa PPM DBE iFIT  Norm  Conf(%) Formuila
296. 1057 296. 1053 0.4 1.4 6.5 949.3 n/a n/a Cl5 H19 N 03 Cl
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1
1224-1-byj-89 81 (0.466) 1: TOF MS ES+
100 288.0853 6.49e6

F3C : 4ad

calcd for Cq3H1oFsNO3 [M+H]*, 288.0848.
Found 288.0853

%

289.0883

228.0642 415.2108
ol oo 2200008, 2ansednl  Sedlons 28,0349 2900912 316.0424 3383426 357.1443 3711837 3psi7e2 dospserdAY
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T | T T T T T T
220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
5786 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:1313 H:13-13 MN:06 0:0-20 F:04 S:04 CL04 Mo: 01
1
1224-1-byj-89 81 (0.466) 1: TOF MS ES+
6.49e+006
100 288 0853
%o
s 2280642 13 paas i 338.3426__ 357.1443 371.1637 ags.2a87 415 2‘332

210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410

Minimum: -1.5

Max imum: 5.0 10,0 50.0

Mass Calc. Mass mDa Pru DBE i-FIT  Norm Conf(%) Formula
288.0853 288, 0848 0.5 L7 6.5 1329.7 n/a n/a Cl13 H13 N 03 F3
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1
1224-1-by}-95 98 (0.563) 1: TOF MS ES+
100+ 256.0787 1.09e5)
MeO,C
ZPN—NH
. 0]
W
F
F 4ae
calcd for C1,H14FoNO3 [M+H]", 256.0785.
Found 256.0787
=
196.0548 243.8890 257.0760
2312276 256.0438)
182.9627 2001964 2070220 2158990 230672 | 2431‘8747“ , { ?559101 2742656 279.0970  284.9067 o7 4oes
O-brbthor o ettt oo phebrpt b g ? 1 PABS RSN ALY paRY pansy: pombpehad oo miz
185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons

3932 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:12-12 H:12-12 N:06 0:0-20 S:04 Cl04 Mo:0-1 F:.0-4

1
1224-1-byj 95 98 (0.563)

10 256.0787

182.9627 196.0548 200.1964

215.8990 231.2276

185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295

Minimum: -1.5

Maximum: 5.0 10,0 50.0

Mass Calc. Mass wmDa PPY DBE i=FIT  Norm  Conf (%) Formula

256. 0787 256. 0785 0.2 0.8 6.6 794.9 n/a n/a C12 H12 N 03 F2
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2570760
243 8890 256.0431 2742655 579 go70 284-9067

1: TOF MS ES+
1.09e+005

297.1553
miz



1
1224-1-byj-90 77 (0.445) 1: TOF MS ES+
100+ 272.0494 6.12¢6]
MeO,C,
2¥N—NH
. O
ox
F cl 4af
calcd for C1oH11CIFNO3 [M+H]", 272.0490.
Found 272.0494
2
274.0465
275.0497
272.0023
oS 2438736 [ 2760538 20%%° 15919 3383418 3s7.1472 3739715 OO oo
0220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 410 420
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
4906 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:12-12 H:0-13 N:0-6 0:0-20 F:0-4 S:0-4 CIl:0-4 Mo:0-1
1
1224-1-byj-90 77 (0.445) 1: TOF MS ES+
6.12e+006
10! 272.0494
%
274.0465
275.0497
301.0049 3215219 3383418  357.1472 3739715 406.9660 445 2099

220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390

Minimum: -1.5
Maximum : 5.0 10.0  50.0
Mass Calc. Mass mDa PPy DBE i-FIT Norm Conf (%) Formula

272.0494 272, 0490 0.4 1.5 6.5 1514.3 n/a n/a C12 HI2 N 03 F C1
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1
1224-1-byj-98 87 (0.497) 1: TOF MS ES+
100+ 234.1133 6.26e5

o)
4ah

calcd for Cq3H1sNOg [M+H]*, 234.1130.
Found 234.1113

%

235.1161

234.0740 256.0081 301.1430

Y : 2620650

e 207.0163 217.0927 PN 06,0671 2 742788 a01.0447.] 3021438 3180604 334.0510,038 39383431139
' ‘ 1 ‘ Tates vaia Tl o L

180 190 200 210 | 220 230 240 | 250 260 270 = 280 290 300 = 310 320 330 340

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

MNumber of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

85 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:13-13 H:0-35 N:0-6 0:0-20

1

1224-1-by}-98 87 (0.497) 1: TOF MS ES+
6.26e+005
- 2341133
%
182.9591 207.0163 234 0749 2351161 262.0650 274.2758
s - 217.0927 ( 256.0981 57 - 301.1430 318 0604 338.3338 343 1139
0 1 T 1 T 1 1 T 1 | I | Ll 1 Ll 1 I 1 I 1 1 1 I 1 I 1 I I 1 1 1 | I 1 T miz
180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
Minimim: =1:h
Max imum: 50 10.0 50.0

Mass Cale. Mass mDa PP DBE i-FIT ~ Norm CrJ_nf(%) Formula
2341133 234 1130 0.3 1.3 6.5 995.1 n/a nfa C13 1116 N 03
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1
1224-1-byj-88 89 (0.508)
100+ 2501081

MeOZC NH
o
JJ .

calcd for C13H1gNO, [M+H]*, 250.1079.
Found 250.1081

%

251.1112

272.0897
250.0675 ;52 1123 271.1895 | 273.0022

2042453 301 4370

205.0898 222.1073 236.0914
T T T T T T T T T T T

0~

316.2238 3322181 336.2496
T T T T

1: TOF MS ES+
4.60e6

200 210 | 220 | 230 | 240 250 260 270 = 280 200 | 300 310

320 | 330 340

T /z

350.2287
i M)
350

Single Mass Analysis

Tolerance = 10.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

3787 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:13-13 H:0-30 N:06 O:0-20 F:04 S:04 CLO04 Mo:0-1

1

1224-1-byj-88 89 (0.508)

100 250.1081

272.0897 2942453

205.0896
200 210 220 230 240 250 260 270 280 290 300 310

301.1370

Minimum: =1zh

Maximum: 2.0 10,0 50.0

Mass Calc. Mass mDa  PPM  DBE i-FIT Norm Conf (%) Formula

250. 1081 250. 1079 0.2 0.8 6.5 1360.9 n/a n/a Cl3 16 N 04

S87

1: TOF MS ES+
4.60e+006

332.2181336.2496  350.2287 o
320 330 340 350

/z



7. HPLC copies
rac-3aa: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.8 mL/min, 254 nm, tg(major) = 26.127 min and 41.873 min,

tr(minor) = 39.261 and 54.615 min, dr = 99:1.

mAL % %?p
WX
175 r
é§
150
125
100
754
m;
25 Kl
© ‘$
o R
B
B
g_—h_.._ﬂn. L ; L .
T T T T T T
10 20 30 40 50 60 m
W fRETE A R e I [ A W 1 W [T
£ [min] [min [MAUT s [mAU] 5
e R et |m====mmmms | S | -——————-
1 26.127 MM 1.0556 1.18564e4 187.20023 49.8B751
2 3%.261 MM 0.9170 81.78580 1.48652 0.3440
3 41.873 MM 1.2033 1.1709%4e4 162.19022 49.2587
4 54.615 MM 1.3537 124.59560 1.53402 0.5241

enan-3aa: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.8 mL/min, 254 nm, fr(major) = 26.818 min, fg(minor) =43.017

min, major: 97% ee.

mAU © S
- ) @@
&
350 g@
300
Ph o
=N
250] Ph% N
Co,Me  N=
3aa
200
150 1
100
& q
50 \@ fﬁ
=P = N
; : | &g 2
| T . ™ T L I —
T T I T T T
0 10 20 30 40 50 60 min
g {REETE R iR Ui 11 AL U iy U T AR
# [min] [min] [mAU*s] [mAU] %
mmed mrEmTEs Retaletel Eam il lrmmrre e lrrmsremresilesrereem
1 26.8le MM 1.0434 2.48588e4 397.08197 97.6261
2 40.033 MM 1.3032 41.10542 5.25706e-1 0.1614
3 43.017 BB 0.8995 333.45520 5.28937 1.30%6
4 59.495 MM 1.6191 229.92223 2.36680 0.9030
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rac-3ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 7.638 min and 12.999 min,
tr(minor) = 11.015 and 15.591 min, dr = 95:5.

mAU 2
700 ﬁ
600
500 2
] o
400 4
300 -]
200
100 i _
] g 2
i ur: i
0_ f ol N ey i S
] I T I Ll 1 I L
6 8 10 12 14 16 18 s
U CREEE R 8 WER U i A s Ui T A
# [min] [min] [mAU*s] [mAU] %
S, S o e e Eamnee. e |
1  7.638 VB 0.2059 9527.01563 717.72510 47.2712
2 11.015 BB 0.3006 536.83368 27.75618 2.6637
3 12.999 BB 0.3512 9549.80469 423.23633 47.3843
4 15.591 BB 0.4373 540.29559 19.25997 2.6808

enan-3ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 7.707 min, fg(minor) = 12.670

min, major: 97% ee.

mAL =
T
800 =
F
600 =
Ph (0]
e NS
ity CoMe N=
3ab
200
b=
g B 5
- ™ -
a S . —1- = — T T T
1 I T I U L I 1 T .
0 2 4 [ 8 10 12 14 18 18 mir

e {REIRTE AR MR e T #E W I 1 FR

$ [min] [min] [mAU*s] [mAT] %
s lEresas ) [t e

I 7.707 VB 0.2%44 1.6952%e4 939.8%227 96.8160

2 11.036 BB 0.3382 231.98331 10.36213 1.3248

3 12.670 BB 0.3345 270.63654 12.60508 1.545¢

4 14.964 BB 0.3883 54.91762 2.15510 0.313¢



rac-3ac: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fz(major) = 7.785 min and 12.934 min,
tr(minor) = 10.297 and 15.205 min, dr = 98.5:1.5.

300 §
250
200 &
] o
150
100
50
=~ L)
aJ
PL. :
] - —
[
25 5 75 10 125 15 175 min
W {5 EedE Faa
$ [min]
____|___

1 7.785 BB

2 10.2%7 BB 0.3020 B185

3 12.334 BB 0.348 49,4207

4 15.205 BB 0.408 0.7154

enan-3ac: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, #x(major) = 8.049 min, #gx(minor) = 13.203

min, major: 97% ee.

mAL g
%
1000 o
Cl
800 + Ph
PN i
1 Ph N \ N
CO,Me N=
600
3ac
400 +
200
s &
'] PR =
T T T T T T T T T
n > 4 g & in 12 14 16 18 min

b (R R kR LIk W 1 i T L

£ [min] [min] [mAT*s] [mAU] %
el lemralerr=as s lemmsrmmssas e et

1 8.04% BB 0.2656 1.83679%9e4 1084.32898 96.5541

2 10.680 BB 0.3250 259.30829 12.09974 1.3631

3 13.203 BB 0.3511 313.48825 13.90347 1.647%

4 15.486 BB 0.409%6 82.73270 3.117%85 0.43449
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rac-3ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 6.827 and 12.278 min, #g(minor)

=7.319 and 14.022 min, dr > 96:4.

mAU | N
o
500
400
i @
M~
™
™
3004
200+
100
[+;]
5 &
J I~ <
0+ L L ;
P | FNL T T © . %7 T T T T
0 25 5 75 10 125 15 17.5 20 min
i fREIEFR) S TR e T A U 15y W THT F
# [min] [min] [mAU*s] [mAU] %
s | e S e s | srmrmmrmns |=memmmmmes |=m=mmmrms
1 6.827 BV 0.2151 7656.04248 551.07117 48.05%4
2 7.31% VB 0.2246 332.68820 21.4%391 2.0884
3 12.278 BB 0.3657 7634.63428 325.41895 47.9250
4 14.022 EB 0.4148 307.02325 11.45067 19273

enan-3ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 7.108 min, fg(minor) = 13.529

min, 97% ee.

mALU %
1 N
1 CF3
1400
1 Ph o]
1200 + N N
1 PH N
1 COo,Me N=
1000—_ 3ad
800
600 -
400
200
] 8
AN 2
0 L T L T
e S Y, (T T T T ST T R DN IO L R Y PR ER N S T T T
0 25 5 75 10 125 15 175 20 mir|
g CREER A R dREE LEJTE A e LE g1k
# [min] [min] [mAU*s] [mAU] %
Fatiant et s |zl mmrmmes e 2 Bt s S e
1 7.108 BB 0.1633 1.67545e4 1560.49%9609 98.3840
2 13.52% BB 0.4381 275.20343 9.69721 1.6160
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rac-3ae: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, #x(major) = 6.903 and 11.988min, ¢g(minor)
=8.617 and 14.269 min, dr = 98:2.

mALU ] ?

600

400+

11.988

200

14.269

2 k! 2 Y T T . T i T i T L T Y ! ¥ ¥ | ¥ N 1 T ST | L iR ¥ Y i ¥ T o .
0 25 5 75 10 125 15 175 20 m
e CRBEIEITE] EHY WREE U THIFH U ey WP THTFH
¥ [min] [min] [mAU*s] [mAU] B
1 0.1931 8350.28223
2 8.617 BB 0.2558 150.94916
3 11.988& BB 0.3422 8225.60645 373.16745 48.7398
4 14.269 BB 0.4179 149%.71959 5.54634 0.8871

enan-3ae: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, fg(major) = 7.005 min, tx(minor) = 12.474

min, 97% ee.

662.37164 49.4786
9.03841 0.8944

mAU ] 3
] =]
700
1 F
600 |
1 F
Ph
500 9
] Ph SN NA
\
] CoMe N=
400—_ 3ae
300 ]
200
] )
B s
100 &
] 8 $ 8 &
] o : )
1 /\j\ < & 3%"&
0 . —t . : . 5
— T T —— T
0 25 5 75 10 125 15 175 20 min
I fREFET A A o U [ FH U e e 5L
# [min] [min] [mAU*s] [mAU] %
e ] | == | - |-
] 7.005 vv 0.1693 8817.55859 783.45496 97.7886
2 8.826 BB 0.3276 66.03829 3.18937 0.7324
3 12.474 BB 0.3860 127.50979 5.13047 1.4141
4 14.923 MM 0.3086 5.85413 3.16154e-1  0.0649
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rac-3af: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.4 mL/min, 254 nm, ¢z = 53.703 and 57.917 min, dr > 99:1.

mAU
120

100 A

80

60

40 -

20

0 gt

LU O L S AL L I T T L O S D R B
0 10 20 30 40 50 60 70 min

I CRETRTIE) SR W e [T FH I I [T R
# [min] [min] [mAU*s] [mAU] %

il ettt |--—]-—— |- R |—————
1 53.703 MM 1.4605 1.0554%9e4 120.45188 51.0023
2 57.917 MM 1.4863 1.01401e4 113.70750 48.9977

enan-3af: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.4 mL/min, 254 nm, fgx(major) = 66.839 min, fr(minor) = 71.248
min, 99% ee.

mAU | 2
300
250—_ E
1 ph Cl o]
200
=N
1 Ph% '\5§
1 CO,Me N=
1 3af
150 4
100 H
50
0 j\ ¥ANS
L T RPN T TR [PET S R TR J TE R TR A G CRN TR TR S N S T A . L R
0 10 20 30 40 50 60 70 min
W CREFRTIE] 58 IR LETTTE N U vy W T A
# [min] [min] [mAU*s] [mAU] %

e R R R R R
1 66.839 BB 1.5511 3.28929%e4 311.96848 99.8239

2 71.248 MM 0.8275 58.02803 1.16868 0.1761
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rac-3ag: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, #g(major) = 13.846 and 10.425, tg(minor) =
9.653 and 12.909 min, dr = 98:2.

mAU ]

=67

10,425

400

300

200

100 4

9.653
12.909

0 et ! T

0 25 5 75 10 125 15 175 20 mir

i {REETE] A TR W T AR U 7 U T FR
¥ [min] [min] [mAU*s] [mAU] %

i s e S et e

A 7.767 VB 0.2629 7772.61768 458.28308 49.0636

2 9.653 BV 0.2812 121.83543 6.79345 0.7691
3 10.425 VB 0.3046 7822.309%08 399.17081 49.3773
4 12.30% BB 0.3841 125.15193 5.08734 0.7%00

enan-3ag: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 7.834 min, fg(minor) = 10.536

min, 98% ee.

mAL =
600 | F
Br
Ph
500 Q
Ph/gN N
CoMe N=
400 | 3ag
300
200
100+ .\‘\@ @5’
) s
g 5
o I e e e r |
T T T T T T T T T
0 25 5 75 10 125 15 175 20 e

S DG <V U T B W 7 e AT

z [min] [min] [mAU*s] [mAl] £
S e e e [=msrmme e e e

X 7.834 VB 0.2730 1.20362e4 695.09381 ©57.9154

2 722 MM 0.3147 131.78838 6.978581 1.0721

3 10.5 BB 0.3077 89.57288 4.53022 0.7287

4 13.030 MM 0.4214 34.88082 1.38004 0.2838
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rac-3ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, ¢g = 7.875 and 10.420 min, dr > 99:1.
mAU

w
M~

140

10.420

120 4
100 +
80

60

40+

204

0 2 4 6 8 10 12 14 mil

W CREFESE] R/ g W T AR W vy Ui T A
# [min] [min] [mAU*s] [mAU] %

1 7.875 VB 0.2376 2325.64990 149.38385 49.6346
2 10.420 BB 0.3114 2359.89%9624 116.47906 50.3654

enan-3ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, zg(major) = 7.856 min, fg(minor) = 10.332
min, 94% ee.

mAU 9
400
1 Ph o]
3001 Ph>:N NN
1 CO,Me N=
4 3ah
2004
100 o
] y
45
o °
(o] &
= &
S
0 A
— T T T | T T T T T T T T T T T
0 25 5 75 10 125 15 175 20 min|
e REFRSE] S8R s U [H] AR W 15y U THT AR
# [min] [min] [mAU*s] [mAU] %
= R B |-—————— |- | ———————=
1 7.865 VB 0.3092 9083.50684 476.97144 97.1871
2 10.332 MM 0.3797 262.90906 11.53943 2.8129
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rac-3ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 11.827 and 19.675 min, tg(minor)
=14.268 and 18.145 min, dr = 93:7.

mAll ]
500
Ly
400 E
&
300 4
200
100 < §
3
: )\ il
— T T — 77— T — T —
Q 2.5 3 7.5 10 125 15 17.5 20 min
e fREFRSA] FERY MR e T B e ey e T AL
¥ [min] [min] [mAU*s] [mau] %
ot e ety lemsslsrarras Isranssroms (e e lsessamms
1 11.827 BB 0.3442 1.25440e4 566.82074 46.3462
2 14.268 BB 0.4035 978.35217 37.73376 3.6147
3 18.145 BV 0.4990 966.85893 30.230919 3.5723
4 18.875 VB 0.5425 1.25766ed 361.83284 46.4668

enan-3ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fz(major) = 11.882 and 19.703 min,
tr(minor) = 14.327 and 18.148 min, dr = 98:2, 95 % ee.

mAU 1 &
100 4
] -
80
i Ph (o]
PH =N NS
i CoMe N=
60 3ai
40
20
o
] o5 ol
= Lo W
] 8 & TR
- .
0 = % 2
L R T | ST P S S | T P SR R B S LI R T
25 5 5 10 125 15 175 20 minl
W fREFEFE] KA R U T A4 £ U TET AL
# [min] [min] [mAU*s] [mAU] %

e e e R R l==--=-—-
11.882 BB 0.3477 2523.27271 112.4942% 95.6486
14.327 MM 0.4224 39.20037 1.54669 1.4860
18.148 MM 0.6175 14.07875 3.79983e-1 0.5337

18.703 BB 0.5311 61.51308 1.72900 253317
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rac-3aj: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 9.019 and 16.287 min, tg(minor)
=8.092 and 10.101 min, dr =98.5:1.5.

mAl

=819

200

16.287

100

»8.002
10,101

o

0 25 5 75 10 125 15 175 20 miir|

U fREET A R I T Ve 5y W TAT
#  [min] [min]  [mAU*s] [mAU] %

ak 8.092 BB 0.2348 57.07224 BT2327 0.7408
2 9.01% BB 0.2492 3787.35156 232.29094 49.1604
3 10.101 BB 0.2906 5976531 3.13235 0.7758
4 16.287 BB 0.4482 3799.88354 131.87317 49.3230

enan-3aj: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 9.163 and 16.063 min, 95.5 %

ee.

mAL 2
200 I
] b
175 Ph Q
: - NN
o N—
150 COMe
] 3aj
125
100 -]
75
50
25 ~
o o
] =1
1 2
0—_ = T
-—r— YT T T T T
0 25 5 75 10 125 15 175 20 min
[ETOE I v U T A
nix [mAU*s] [mAT] 3
e e S [ i Jemssenes
1 9.163 BB 0.3238 4354,79150 216.39275 97.752%
2 16.063 BB 0.4147 100.10626 3.73461  2.2471
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rac-3ak: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tr(major) = 7.804 and 11.835 min, dr > 99:1.

mAU é

700

=
U

600

11.835

500

400

300 —

200

100

0 . - ;

0 25 5 75 10 12.5 15 17.5 20 min

W LREFRITR] SSBY i TE U A I 7= T FR
# [min] [min] [mAU*s] [mAU] %
Bl Rttt |- |=mmmm |- | ===
1. 7.804 VB 0.21%0 1.07834e4 753.34802 49.7393
2 11.835 BB 0.3340 1.08965¢4 504.50000 50.2607

enan-3ak: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 7.937 min, fg(minor) = 11.742

min, 95 % ee.

mALl ?
1400
1200 - S
Ph (e}
PH =N NS
1000 CO,Me N=
3ak
800
600
400 -
200 -
J £
& : i S
I | ¥ I ! LI I L] B
0 2.5 5 7.5 10 12.5 15 7.5 20 rnir
kg PREIRTIE R e i T AR L) e T R
$ [min] [min] [mAl*s] [mAU] %
e L s s Jremeeria e et
1 7 2.83547e4 1509.0890% 97.5321

T717.47205 32.8344¢ 2.467%
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rac-3ba: ChiralPak AD-H, n-hex/i-PrOH = 97:3, 0.7 mL/min, 254 nm, tg = 28.289 and 39.118 min, dr > 99:1.

mAU 1 2 ©
250
200 -
150 —
100 4
50_
0 gy e
L S S 0 VN R N S S S R G R N SR S (R B (O N R ) S N SR T G B LI SN S R R R S T
0 5 10 15 20 25 30 35 40 45 miir|
e CREFRT(R] %Y 0eTE U T A1 e U 11 1
# [min] [min] [mAU*s] [mAU] %
el b s el e | ===msrmrss | =ssrmmmmmrs ===
1 28.28% BB 1.0338 1.78887e4 269.01865 51.4181
2 39.118 BB 0.9619 1.69020e4 257.46701 48.581¢9

enan-3ba: ChiralPak AD-H, n-hex/i-PrOH = 97:3, 0.7 mL/min, 254 nm, fzx(major) = 28.096 min, fgx(minor) = 38.664

min, 98 % ee.

mAU - 8
175
150
125+ Ph o
Ph—N
N -N
100 NN
COZ‘BU =
3ba
75+
50
25—
=
8
s
0 G, /\. , L =
_— ——— —— ——— —_— _—
0 5 10 15 20 25 30 35 40 45 it
I {FEIRE B W I T FH (s s W T A
# [min] [min] [mAU*s] [mAU] %

1 28.096 BB 0.9693 1.26072e4 194.48280 98.93298
2 38.664 EB 0.8501 136.38406 2.02415 1.0702
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rac-3bb: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tg = 15.128 and 26.477 min, dr > 99:1.

mAl

-]
o
160 ﬁ

140 ~

26.477

120

100

T T T
0 5 10 15 20 25 iy

W {REFETIR) ER bR U THT A W W THT A
# [min] [min] [mAU*s] [mAU] %
e e [ pammsamianan pemm i [ fmsmamisni
1 15.128 BB 0.4410 4656.90479 160.73123 49.9209
2 26.477 BB 0.6233 4671.66992 115.65311 50.0791

enan-3bb: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, #g(major) = 15.452 min, fgx(minor) =26.122

min, 98 % ee.

mAl | (]
400 4
350 4 F
] Ph
300 ph/k\N Q N
N7\
CO,Bu )Qf
2507 3bb
200
150
100 4
50 o
] =
i g
0 ; = -
| | I ! !
5 10 15 20 5 mii
U CREFMT(E] KA b W [T A W I T A
¥ [min] [min] [mAU*s] [mAaU] %

1 15.452 BB
2 26.803 BB

-4936 1.52856e4 447.41663 98.39137
.6534 167.87830 3.77070 1.08863
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rac-3bc: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tr = 5.510 and 9.231 min, dr > 99:1.

mAU | =
140 by
120 +
100 4

] b

o™

1 @

80

60+

404

20+

O_M

—— 77— T—— T T T T T
2 4 6 8 10 12 14 16 miir

I {REIRSE] FSHY W TE e i A I 75 R

# [min] [min] [MAU*s] [mAU] %
srmnbrmene— [l [ sermmmme e e s |

i 5.510 vB 0.1769 1743.13196 148_.56671 50.9063

2 9.231 BB 0.2859 1681.06775 91.28247 49.0937

enan-3bc: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 5.513 min, fg(minor) = 9.225

min, 98.5 % ee.

mall ] i
uwy
1 i
1600 -
1400 -
1 cl
1200 4 Ph
4 Ph/k\ i
N _N
1000 NS
] CO,Bu HP
1 3bc
]
800
]
600
400
200
1 1]
] q
) S SRS >
0 : L= :
T T T T T T T
25 5 75 10 125 15 175 20 225 mi
g {REIETR] 25K R LELINE ;2] Wi 75y WET A
F [min] [min] [mAU*3] [mAU] %
e | == e [Z e [Femmmmes | I
1 5.513 VB 0.1894 2.03783e4 1657.5170% 99.2687
2 9.225 BB 0.3212 150.13121 7.3540%  0.7313
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rac-3bd: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fz = 5.016 and 8.588 min, dr > 99:1.

mAL ] =
175 W
150 -
125 2
=1
100 4
75
50 -]
25
U LJ
— , ; ; . , ; —
n 7 4 [ R in 12 14 mir
I R 2R ke U 7 1 [ = e T L
¥ [min] [min] [mAU*s] [mAU] %
— [p— —1-- —-
1 5.016 VB  0.1004 2429.68726 192.31837 50.2274
2  8.588 BE  0.3273 2407.68359 110.91646 49.7726

enan-3bd: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 4.984 min, #gx(minor) = 8.483

min, 98.1% ee.

maU ] 3
1 CF, T
600 —
Ph o
1 Ph \N N
4 -
500‘ NN
1 CO,Bu =
] 3bd
400
300 =
]
]
2004
100 qﬁp
1 s
] P
] ) =
o g . € . <
T T T T I T T
0 2 4 6 8 10 12 14 min
I {REIETA] AR R I T U 5 A
z [min] [min] [mAU*s] [mAU] %
e e R | e [t P I
1 4.384 VB 0.1884 8118.44141 651.39435 99.0712
2 8.483 MM 0.2855 76.10924 4.29308 0.9288
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rac-3be: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tg(major) = 6.914 and 11.531 min, dr > 99:1.

mAl |

=014

175 o

150

11.531

125 4
100 ]

75

50

25—_

T T T T T T T
0 2 4 [ ]

e {REIEE]) 25T R W THTER W vy WS TR AR
# [min] [min] [mAU*s] [mAU] %
| eeeas e Ce s [esmmmnmss |smosaas | smssmmmes |
i 6.914 VB 0.2234 2863.43530 196.01173 50.3267
2 11.531 BB 0.3385 2826.25464 129.55185 49.6733

enan-3be: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tx(major) = 6.929 min, tg(minor) = 11.534
min, 97.8% ee.

mAL ] Q
£
250 .
Ph
Ph/k\N i
NN
200 CO,Bu /\§)/
3be

150 <

100

50
3
n

. s .

T T T T T T T
[4] 2 4 (] 8 10 12 14 mir|
g fREF A A b W5 T A (= W T R
& [min] [min] [mAU*s] [mAU] %
e === R |=mmmm o R |
1 6.929 BB 0.2307 4321.9%0771 287.02%21 98.9134

2 11.534 BB 0.3323 47.47823 2.13833 1.0868
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rac-3bf: ChiralPak AD-H, n-hex/i-PrOH =95:5, 0.5 mL/min, 254 nm, tg(major) = 14.654 and 16.502 min, dr > 99:1.

mAU | by,

16.502

100~
80~
60—

40+

20+

S ST
0 25

mir

o
~
o
=]
i
o
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o
~
n
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=1

W {REEES ) A TR U THI R U U TR AR
¥ [min] [min] [MAU*s] [mAU] %
e [====l======- |==mmmmm - R R \
1 14.654 BV 0.3844 2815.52500 108.96989 49,8703
2 16.502 VB 0.4133 2830.27441 102.14868 50.1297
enan-3bf: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tg(major) = 14.634 min, fr(minor) = 16.468
min, 98.3% ee.

mAU 7
600 +

500
400+

300

200+

100




U PREFIE] R it U T AR e vy IEETT AR

¥ [min] [min] [mAaU*s] [mAaU] %
e | === [m=memsmass e | s |
1 14.634 BV 0.4548 1.84563e4 615.48553 995.1277
2 16.468 VB 0.4883 1e2.410%¢ 4.,87544 0.8723
S104

rac-3bg: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, #x(major) = 13.846 and 21.969 min, dr > 99:1.

mAL ]

A

200

21.960

1?5—5
150—5
125—5
mn—f

75

50

25

0 BT A i T

T L Ll L LT LNl L L L L L. N n L L Lo T
IR R TR n 12 R 1R 17 R n MR il

WE fRBFIE] SR Y U [T FR L= W T R
¥ [min] [min] [mAU*s] [mAU] %

R b I et | =SS | s |
1 13.846 WV .4283 5727.67773 205.40201 50.0203
2 21.926% BB .5351 5723.01807 166.03745 49%.9737

enan-3bg: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, fx(major) = 13.978 min, fg(minor) = 22.215

min, 98.4% ee.

mAU 4 ©
140
i F
120 o
Ph o
100 PhY
A N N/N\
CO,Bu H/
1 3b
80— 9
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404
] &
20 o5
| w P
b @!%
. L o _ R
T T T T L] el Fa N ! | T T
0 25 5 75 10 125 15 175 20 25 mir



W CREF M R T U T R e 7y Ui i

# [min] [min] [MAU*s] [mAU] %

1 13.978 VB 0.3226 3142.62695 149.90631 99.2003
2 22.215 MM 0.4925 25.33522 8.57378e-1 0.7937

S105
rac-3bh: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 5.203 and 7.220 min, dr > 99:1.

mall a
800 T
700 +
600
500
400
300
200
- L .J L
0 'J : _—
L i B s o e e E e e e e e e e L S e s e e e e e L e e e m m e
0 2.5 5 7.5 10 125 15 175 20 mir
e {REFEA) RS TR e T A U e e T 4
i [min] [min] [mATU*s] [mauT] ki
femet S U it rnsrsmaiemameey o P
1 5.203 BV 0.2741 1.42282<4 850.638492 50.5148
2 7.220 vV 0.2612 1.39382e4 §54.85087 49.4852

enan-3bh: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 5.147 min, fg(minor) = 7.191

min, 97% ee.



mAU 5
&
250
Ph o
Ph—N
200 + N NN
CO,Bu /‘Q)"
| 3bh
150
100
50_
J 5
g
D— L IAI
T L e | LA R | T 7 T T
0 25 5 75 10 125 15 175 20 mir|
I CREFRE] B8 TR U T AR U 7y e T B
# [min] [min] [mAU*s] [mAU] %
il Rt e | ———————- |—————————= e
1 5.147 BV 0.2628 4676.67383 2B8.93625 98.5326
2 7.191. BB 0.2683 69.64677 4.07631 1.4674

S106
rac-3bi: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 254 nm, fz(major) = 6.644 and 12.058 min, dr > 99:1.

—8&-f4d

500

12.058

300

200

100 =

[1] 25 5 75 10 125 15 i7s 20 min

g fRETEE] S/ R W [ A U e
#  [min] [min] [mAU*s] [mAU] %

le4 585.17998% 51.2283
3e4 458.232309 48.7707



enan-3bi: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 6.600 min, fz(minor) = 12.092
min, 96% ee.

mAU %
OCH;,
40_
Ph
Ph/k\N it
NN
CO,Bu M
30+ 3bi
20 4
104
K
o2
o BN
g®}:-
h/"’\“/\/k) 2
0 P e
. — ——r . —— ——r ————r—
25 h 75 10 12 5R 15 175 o min
W CREFET(E] R IR U T A U 1y e T AR
# [min] [min] [mAU*s] [m2aU] %
e R R R | —mmmm e
1 6.600 VB 0.2824 863.90839 49_.31248 97.8661
2 12.092 MM 0.4006 18.83720 7.83677e-1 2.1339

S107
rac-3bk: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, fg(major) = 5.605 and 6.501 min, dr > 99:1.

E w o
mAU‘ 8 R
500 'ﬁ’ T
400 4
300 -
200
100 <
0 : U k
L e P A I B Y I O B e re s S S B L B S S B P S S B D v S S T s L S
0 25 5 75 10 125 15 175 20 mi
i CREgErE 8 bR g TR AH e 5y LT 5
# [min] [min] [mAU*s] [mAaUu] %
E ot e |srmslorrsrrs s l=mmrermmms e ey
1 5.605 BB 0.2854 8878.02051 506.74911 50.0265

2 6.501 BB 0.2777 8868.62500 517.899438 49.8735



enan-3bk: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tg(major) = 5.484 min, #gx(minor) = 6.355
min, 97.2% ee.

mAU - 3
7.
120
Ph g
100 + ph/k\ Q
N N
NN
CO,Bu M
80 - 3bk
60
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20 +
- 8
- <
D_ ~ —
D T T M DU N VRPN
0 25 5 75 10 125 15 175 20 minl
W CREFRS A 2R R TE U TR U 7 TR
# [min] [min] [mAU*s] [maU] %
e R |- |- —
1 5.484 vV 0.2738 2280.42822 134.51379 98.6218
2 6.355 VB 0.2503  31.86747 1.95354  1.3782
S108
rac-4aa: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, fzr = 17.508 and 23.886 min.
mAU ?
17.5
15 &
125
10}
7.5
5_
. k/\/\bw
ﬂ_
— T —— et st T C— — 1
0 5 10 15 20 25 mir
W {REat e 2R bRE TR I 7 U T AL
# [min] [min] [mAU*s] [mAU] %
e B [ R R B |-==mmm-- [
17.508 BB 0.4194 530.7573% 19.62968 49.7764
2 23.886 BB 0.5542 535.52612 14.97653 50.2236



enan-4aa: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 230 nm, fg(major) = 17.442 min, tg(minor) =23.850

min, 99.2% ee.

mAL
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10+

B MeO,C

NH
(0]
8 i; 4aa
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8 g
e
0 . o s
— — — — T — ——T1— —
4] ] 10 15 20 25 i
W CREFASIE] 258 TR e T A5 I vy LEATE A
# [min] [min] [mAU*s] [mAaU] %
srmlreresT bremmleemomes | o fremrmeeros et |
1 17.442 BB 0.4181 259.46307 9.57684 99.6102
2 23.850 MM 0.3182 1.01545 5.30211e-2 0.3898
S109

rac-4ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, g = 14.996 and 21.331 min.

mAL o
35

30

14.996

25

21.33

20+

1 T T T T T
0 5 10 15 20 25 min

i ORETIE] ST IR e [T 5 Wy U TR
4 [min] [min] [MAU*S] [mAU] %

s pirispennin [rmmss Bresmmoe Jressramrraan e T e | s |
1 14.99¢6 EB 0.3652 636.78210 27.09485 50.1329
2 21.331 BB 0.5000 633.40680 19.70706 49.8671

enan-4ab: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 230 nm, #fg(major) = 16.263 min, fg(minor) =22.227



min, 97.5% ee.

[32]
mAL ©
16 | i!
14 4 MeO:Cq_
0
J F 4ab
10
8
6 -
4 -
A
A
2 - R4
Rl
0+ 5 - L %
T T Tl 4 T T T L e P S Pt
0 5 10 15 20 25 min
g OREERSE] R e I TR £ U =y LT o
¥ [min] [min] [mAU*s] [mAU] 3
el B |———=|——————- | —————————— |—————————- |———————- |
1 16.263 BB 0.3860 424 .597%¢ 17.0819% 98.8390
2 22.227 MM 0.5164 4.98770 1.60961e-1 1.1610
S110
rac-4ac: ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, fz = 8.528 and 11.827 min.
mAU | g
50 ? 5
o
40+ f\
304
20+
10
|:| I
¥ T X =T I T Y ¥ ¥ TR R T X J f T T
n T F- R =] in 12 14 mir
I R REtE] SR WRTE U i B 3= e B
& [min] [min] [mAU*s] [mAU] %
el e [l B | —mmmmmm e R |—mmmmmm - [
1 8.528 BB 0.2077 2322.38770 171.78299 49.28

2 11.827 BB 0.2913 2389.5585% 126.55750 50.712

5]



enan-4ac (by using S-CSB cat.): ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, fg(major) = 8.933

min, fg(minor) = 12.187 min, 94% ee.
mAL ]
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s —
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o p e
= R
S
] — s, N
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W {REFRS (] 5/ W IS TR I ey WETHIAA
E 3 [min] [min] [mAU*=s] [mAU] k]
fae e ] e [t iy [y
1 8.933 VB 0.2238 257.37727 17.70260 96.8544
2 12.187 MM 0.3273 8.36552 4.26036e-1 3.1456

S111
rac-4ac: ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, fz = 9.040 and 12.598 min.
mAU 2
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0 25 5 7.5 10 125 15 175 20 min|
W fREFINE] R I W AR L= W AR
¥ [min] [min] [mAU*s] [mAaU] %
el e === l-—————- R |—————————- |-——————-
1 $.040 BB 0.2585 B8957.24377 53.80716 49%.9363
2 12.598 BB 0.2106 899.532%90 44 _73565 50.0637



ent-4ac (by using R-CSB cat.): ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, #zx(major) = 12.578

min, fr(minor) = 9.064 min, 95.1% ee.

mAU 4 -
350 ]
300
250
] MeO,C,,
200 -—NH
. (0]
150
] cl ent-4ac
100
50 =
] 8
:44AAAAAAAAAJ”,h\M_,___AAJ_ &
o 7 Lo i .
R T e B I S S TP L R B
0 25 5 75 10 125 15 175 20 mint
e fREERF A R R (12 37 7R 554 I 7y I 1] 5
¥ [min] [min] [mAU*s] [maUu] %
el B R B | |
1 9.064 BB 0.2577 204.56171 12.31980 2.4666
2 12.578 BB 0.3202 8088.60303 306.22043 07.5334
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rac-4bc: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, = 13.503 and 21.290 min.
mAU | 3
100
80 g
1 ]
60—
404
204
U_JM , = .
L T T T T T
5 10 15 20 25 miny
I PRETRSE] M e LE TR U 15y W [ AR
# [min] [min] [mAU*s] [mAU] %
e e b [ [ [rmmesrimeem I
1 13.503 BB 0.3438 2398.82495 108.12263 50.012s¢

2 21.290 BB 0.5153 2397.61426 72.41576 49.9874



enan-4bc: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 230 nm, fg(major) = 13.567 min, tg(minor) =21.331

min, 96.2% ee.

mAU 7

43567

250

=}
| BT
e
21.331

| AN A
1 | T T T T [ T T T T -I T T T T -I T T T T | T T T T
5 10 15 20 25 mi
W AR E] ZEEY WREE W iy AL e vy U i R
% [min] [min] [mMAU*s] [mAU] %
mrmlemn B lemmrmn e e |
1 13.567 BB 0.3399 5859.35010 269.26233 98.1228
2 21.331 BB 0.4975 112.09694 3.43681 1.8772
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rac-4ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, #zr = 12.189 and 20.507 min.
mALl 2
16 i
14
12
1 P~
2
10 4 &
3 —
[
4 -
2 —
0 k‘\J L/\__’_\
T Tt T T e [T T
0 25 5 75 10 12.5 15 175 20 225 mir
g fREIRTIR] A iRes [ ATT oo U AT o
4 [min] [min] [mAU*s] [maUu] %
e B [————]—————— |————————— |—————————- |——————-- |
1 12.189 BB 0.3323 368.69989  17.18773 49.9789
2 20.507 BB 0.5294 369.01190 10.72428 50.0211



enan-4ad: ChiralPak AD-H, n-hex/i-PrOH =90:10, 1.0 mL/min, 230 nm, fg(major) = 12.691 min, fg(minor) =21.193

min, 97.4% ee.

mAU %
100
80
MeOQC NH
o
&
FsC 4ad
40
20+ 0({}‘
o o
2 &
M || =S
0_ ! — . ..
I o R o T S 00 (e s B e E o E I W T T I E B s ) R S G
0 25 5 75 10 125 15 175 20 225 min{
U CREFRSTE] 2E8Y s U TR AR e 5y I TRIEH
¥ [min] [min] [mAU*s] [maU] %
el R R R R R l
1 12.6%91 BB 0.3623 2607.47803 112.11224 98.7124
2 21.1%3 MM 0.4095 34.01228 1.38419 1.2876
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rac-4ae: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, fz = 16.825 and 21.095 min.
mAL &
8-
g
&N
6_
4_
2_
D-x,)
L e B i L B N S F B R S R L B R ) I L [N ER E I [ A B ) [N, B ER B
0 25 5 75 10 125 15 175 20 25 min|
W {REFE A S/ R I T I i I T B
# [min] [min] [mAU*s] [mAU] %
s R e — e R
1 16.825 BB 0.4228 294.54974 10.84710 50.2610
2 21.095 BB 0.5607 291.49072 7.98931 49.7390

enan-4ae: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tg = 17.222 and 21.366 min, 96.2% ee.



50 =
m_
M602C NH
W O
30 <
F
F 4ae

20 =
&
N
=

S
§_ @*55"
: R
0
| I | I I I | I
4] 25 a5 ThH 10 125 15 17TH 20 725
i {REEfE SR R i T A U 5y ETIA
£ [min] [min]  [mAU*s] [mAU] :
e B |-===| === |------—-—- R | ===
1 17.222 BB 0.6840 503.33382  11.83875 ©98.0008
2 21.366 MM 0.7821 9.79657 2.1425%-1  1.3082
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rac-4af: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, = 17.146 and 22.972 min.
AL %
15 - ¥
S
B
12.5 =
104
7.5
o]
2.5
0 k k\-
T T T T T
0 5 10 15 20 25
i {REImE SR IR Wi R W Wi i1 AR
¥ [min] [min] [MAU*s] [mAU] %
B S R |- [ em——— |-=———-—-
1 17.146 BB 0.4031 467.28745 17.98620 49.9150

2 22.972 BB 0.5302 468.87970 13.77116 50.0850



enan-4af: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, g = 17.278 and 23.051 min, 96.7% ee.

mAU 4 =
ﬁ

160 4

] NH
140 o)
120 E cl 4af

100 4

=) ]

| 1

LI
23.051

1] 3 10 15 20 25 min
W {REIRSE ST R UFE RIS e U TR
# [min] [min] [mAU*s] [mAU] %

N === |=====—- e R [-==mm---
1 17.278 BB 0.4245 4864.03809 179.28975 98.3405
2 23.051 BB 0.5243 82.08263 2.35685 1.6595
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rac-4ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, #zr = 16.142 and 20.504 min.
mALl o o
- B i
254 =
1 &
204
15+
104
5
o
o 25 5 75 10 125 15 17.5 20 25 mi
U fRBIETIE] ST RE U [ 5 U U THIFR
# [min] [min] [mAU*s] [mAU] £
i | i — R e | ===
1 16.142 BB 0.4345 711.88556 25.36188 50.0059

2 20.504 BB 0.5110 711.71667 21.62458 49.9941



enan-4ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, g = 15.964 and 20.338 min, 98.4% ee.

mAU _| X

1 MeOZC
400 -] NH

] o)
/© 4ah

300
200
100 -
[+ +]
a
i o
[ A S o 0, =
O_ 1 T 1
L I o e e B L S Sy BN S B
0 25 5 7.5 10 12.5 15 17.5 20 225 miny
W {REFETA] 2SR TR e TFT AL U 7oy U [T FH
¥ [min] [min] [mAU*s] [mAU] %
=== |———=]-==——-= | -——————- [==————— [==—————-
1 15.964 BB 0.4432 1.36714e4 489.01108 99.2089
2 20.338 BB 0.5016 109.01885 3.29001 0.7911
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rac-4ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, #z = 20.396 and 27.397 min.

mALl a
400 -
- =
A
P
]
300
200
1004
U_J\-ﬂ .
1 T T T T T T T T K
4] 5 10 15 20 25 30 riny
W CREHma] 2R WEE Ui i FH LE5) e [
¥ [min] [min] [mAU*s] [maU] %
il Bt |——1-- [=——- —1-- -—=1- -
1 20.3%96 BB 0.4865 1.42298e4 454.203%92 49.9528

2 27.397 BB 0.6484 1.42566e4 341.28345 50.0472



enan-4ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, g =22.536 and 30.339 min, 99.2% ee.

mAU ] a

e MeO,C

] NH

] 0
ol O

1 Do 4ai

300
200
100 +
J &
o)
Ly ]
? o
0 M WA =
77— | —
0 5 10 15 20 25 30 miry
W {RETm A 2R Mg W T AR W= e T A
# [min] [min] [mAU*s] [mAU] %
- | — - |- |- |-
1 22.536 BB .5243 1.86744e4 553.92908 99.5922

0
0

2 30.332 BB .5407 76.46484 2.14588 0.4078
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