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1. General
The 1H NMR, 13C NMR, 19F NMR spectra were measured in CDCl3, Acetone-d6 or DMSO-d6 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 GF254) 
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, β-substituted α,β-unsaturated pyrazolamides 2 were prepared 
according to literatures reported methods.[1,2] 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.[3] The synthesis of CSB-4, CSB-6 and CSB-8 were 
described in our previous report[4]. 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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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), β-substituted α,β-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: Et3N = 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 Et3N (V/V = 100/1). The dr and ee values of adducts 3 were determined 
by chiral HPLC analysis. 
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White solid; 75% yield; [α]D
25 = -75.4o (c = 0.1, CH2Cl2), m.p. 37.2-38.4 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(ppm) 7.59 (d, J = 7.2 Hz, 2H), 7.45-7.35 (m, 6H), 7.23-7.16 (m, 5H), 6.85 (d, J = 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); 13C NMR (101 
MHz, Acetone-d6) δ (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 C30H30N3O3

+ [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, tR(minor) = 43.017 min, major: 97% ee.
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White solid; 91% yield; [α]D
25 = -150.1o (c = 0.1, CH2Cl2), m.p. 51.9-52.7 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, J = 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); 13C NMR (101 MHz, Acetone-d6) 
δ (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; 
19F NMR (376 MHz, Acetone-d6) δ (ppm) 59.88; HRMS (ESI): Exact mass calcd. for C30H29FN3O3

+ [M+H]+, 
498.2187. Found 498.2192; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.707 
min, tR(minor) = 12.670 min, major: 97% ee.
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White solid; 89% yield; [α]D
25 = -53.2o (c = 0.1, CH2Cl2), m.p. 44.5-45.6 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, J = 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, J = 6.8 Hz, 1H), 3.75 (d, J = 7.2 Hz, 1H), 

3.57 (s, 3H), 2.37 (s, 3H), 2.18 (s, 3H); 13C NMR (101 MHz, Acetone-d6) δ (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 C30H29ClN3O3
+ [M+H]+, 514.1892. 

Found 514.1895; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 8.049 min, 
tR(minor) = 13.203 min, major: 97% ee.
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White solid; 90% yield; [α]D
25 = -40.3o (c = 0.1, CH2Cl2), m.p. 42.7-43.8 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(ppm) 7.59 (dd, J1 = 10.1 Hz, J2 = 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, J1 
= 13.8 Hz, J2 = 5.7 Hz, 2H), 3.85 (ddd, J1 = 17.5 Hz, J2 = 6.7 Hz, 2H), 3.59 (s, 3H), 2.37 (s, 3H), 2.19 (s, 3H); 13C 
NMR (101 MHz, Acetone-d6) δ (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; 
19F NMR (376 MHz, Acetone d6) δ (ppm) 114.62; HRMS (ESI): Exact mass calcd. for C31H29F3N3O3

+ [M+H]+, 
548.2156. Found 548.2158; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.108 
min, tR(minor) = 13.529 min, 97% ee.
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White solid; 91% yield; [α]D
25 = -53.0o (c = 0.1, CH2Cl2), m.p. 106.7-107.8 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, J1 = 17.3 Hz, J2 = 7.2 Hz, 
2H), 3.61 (s, 3H), 2.39 (s, 3H), 2.20 (s, 3H); 13C NMR (101 MHz, Acetone-d6) δ (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; 19F NMR (376 MHz, Acetone-d6) δ (ppm) 
37.23, 37.18, 34.74, 34.68; HRMS (ESI): Exact mass calcd. for C30H28F2N3O3

+ [M+H]+, 516.2093. Found 514.2098; 
HPLC: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tR(major) = 7.005 min, tR(minor) = 12.474 min, 
97% ee.
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White solid; 93% yield; [α]D
25 = -109.4o (c = 0.1, CH2Cl2), m.p. 41.8-43.2 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(ppm) 7.65 (s, 2H), 7.63 (s, 1H), 7.49-7.35 (m, 7H), 7.21 (dd, J1 = 8.8 Hz, J2 = 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, J1 = 9.4 Hz, J2 = 4.6 Hz, 1H), 4.40 (d, J = 4.2 Hz, 1H), 4.15 
(dd, J1 = 17.8 Hz, J2 = 9.8 Hz, 1H), 3.81 (dd, J1 = 17.8 Hz, J2 = 4.88 Hz, 1H), 3.69 (s, 3H), 2.39 (s, 3H), 2.24 (s, 3H); 
13C NMR (101 MHz, Acetone-d6) δ (ppm) 172.60, 171.40, 163.29, 160.83, 152.45, 144.43, 139.97, 136.76, 135.91, 
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; 19F NMR (376 MHz, Acetone-d6) δ 61.9; HRMS (ESI): Exact mass calcd. 
for C30H28ClFN3O3

+ [M+H]+, 532.1798. Found 532.1805; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.4 
mL/min, 254 nm, tR(major) = 66.839 min, tR(minor) = 71.248 min, 99% ee.
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White solid; 92% yield; [α]D
25 = -54.8o (c = 0.1, CH2Cl2), m.p. 45.6-46.2 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, J = 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, J = 5.6 Hz, 1H), 4.18 (dt, J = 9.1, 5.5 
Hz, 1H), 3.86 (dd, J1 = 17.3 Hz, J2 = 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-d6) δ (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; 19F NMR (376 MHz, Acetone-d6) δ (ppm) 65.33; HRMS 
(ESI): Exact mass calcd. for C30H28FBrN3O3

+ [M+H]+, 576.1293. Found 576.1299; HPLC: ChiralPak AD-H, n-hex/i-
PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.834 min, tR(minor) = 10.536 min, 98% ee.
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Ph O

N
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White solid; 55% yield; [α]D
25 = -62.3o (c = 0.1, CH2Cl2), m.p. 42.6-43.8 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, J1 = 13.4 Hz, J2 = 6.9 Hz, 1H), 3.59 (d, J = 7.1 Hz, 2H), 3.43 (s, 3H), 2.24 (s, 3H), 
2.11 (s, 3H), 2.04 (s, 3H); 13C NMR (101 MHz, Acetone-d6) δ (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 C31H32N3O3

+ [M+H]+, 492.2438. Found 492.2445; HPLC: 
ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.856 min, tR(minor) = 10.332 min, 94% 
ee.
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White solid; 46% yield; [α]D
25 = -47.6o (c = 0.1, CH2Cl2), m.p. 107.5-108.2 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, J1 = 6.3 Hz, 
J2 = 2.7 Hz, 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); 13C NMR (101 MHz, Acetone-d6) δ (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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C31H32N3O4
+ [M+H]+, 510.2387. Found 510.2396; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 

nm, tR(major) = 11.882 and 19.703 min, tR(minor) = 14.327 and 18.148 min, dr = 98:2, major: 95 % ee.

CO2Me

N NPh

Ph O

N

O
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Yellow oil; 72% yield; [α]D
25 = -65.7o (c = 0.12, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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, J = 3.6 Hz, 2H), 6.26 (dd, J1 = 2.0 
Hz, J2 = 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-d6) δ (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 C28H28N3O4

+ [M+H]+, 
470.2074. Found 470.2084; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 9.163 
and 16.063 min, 95.5 % ee.

CO2Me

N NPh

Ph O

N

S

3ak

Yellow oil; 69% yield; [α]D
25 = -103.3o (c = 0.11, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, Acetone-d6) 
δ (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 C28H28N3O3S+ [M+H]+, 486.1846. Found 486.1852; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 
90:10, 1.0 mL/min, 254 nm, tR(major) = 7.937 min, tR(minor) = 11.742 min, 95 % ee.

CO2tBu

NPh

Ph

N

O
N

3ba

Yellow oil; 52% yield; [α]D
25 = -54.4o (c = 0.12, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, Acetone-d6) δ (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 C33H35N3O3 [M+H]+, 522.2757. 
Found 522.2745; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 97:3, 0.7 mL/min, 254nm, tR(major) = 28.096 min, 
tR(minor) = 38.664 min, 98% ee.

CO2tBu

NPh

Ph

N

O
N

F

3bb
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Yellow oil; 68% yield; [α]D
25 = -31.1o (c = 0.14, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, Acetone-d6) δ (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; 19F NMR (376 MHz, Acetone-d6) δ (ppm) 
59.75; HRMS (ESI): Exact mass calcd for C33H34FN3O3 [M+H]+, 540.2622. Found 540.2656; HPLC: ChiralPak AD-
H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 15.452 min, tR(minor) = 26.122 min, 98 % ee.

CO2tBu

NPh

Ph

N

O
N

Cl

3bc

Yellow oil; 72% yield; [α]D
25 = -38.5o (c = 0.21, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, 
Acetone-d6) δ (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 C33H34ClN3O3 [M+H]+, 556.2367. Found 556.2360. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 
1.0 mL/min, 254 nm, tR(major) = 5.513 min, tR(minor) = 9.225 min, 98.5 % ee.

CO2tBu

NPh

Ph

N

O
N

CF3

3bd

Yellow oil; 93% yield; [α]D
25 = -41.5o (c = 0.21, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, Acetone-d6) δ (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; 19F NMR (376 MHz, 
Acetone-d6) δ (ppm) -62.85; HRMS (ESI): Exact mass calcd for C33H34F3N3O3 [M+H]+, 590.2631. Found 590.2624; 
HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 4.984 min, tR(minor) = 8.483 min, 
98% ee. 

CO2tBu

NPh

Ph

N

O
N

F
F

3be

Yellow oil; 92% yield; [α]D
25 = -41.3o (c = 0.18, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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-d6) δ (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; 19F NMR (376 MHz, 
Acetone-d6) δ (ppm) -140.46, -140.52, -142.84, -142.90; HRMS (ESI): Exact mass calcd for C33H33F2N3O3 
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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, tR(major) 
= 6.929 min, tR(minor) = 11.534 min, 98% ee.

CO2tBu

NPh

Ph

N

O
N

F

Cl

3bf

Yellow oil; 87% yield; [α]D
25 = -57.6o (c = 0.13, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (ppm) 7.63-7.60 (m, 

2H), 7.46-7.33 (m, 6H), 7.20 (dd, J1 = 2.64 Hz, J2 = 6.12 Hz, 1H), 7.03-6.98 (m, 1H), 6.78 (d, J = 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, J1 =9.62 Hz, J2 = 7.64 Hz, 1H), 3.77 (dd, J1 = 12.28 
Hz, J2 = 5.0 Hz, 1H), 2.36 (s, 3H), 2.21 (s, 3H), 1.36 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ (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.; 19F NMR (376 MHz, Acetone-d6) -115.62; HRMS 
(ESI): Exact mass calcd for C33H33ClFN3O3 [M+H]+, 574.2273. Found 574.2265; HPLC: ChiralPak AD-H, n-hex/i-
PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 14.634 min, tR(minor) = 16.468 min, 98% ee.

CO2tBu

NPh

Ph

N

O
N

F
Br

3bg

Yellow oil; 90% yield; [α]D
25 = -47.8o (c = 0.21, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (ppm) 7.62-7.60 (m, 

2H), 7.53-7.35 (m, 8H), 7.27-7.23 (m, 1H), 7.15 (t, J = 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); 13C NMR (101 MHz, Acetone-d6) δ (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; 19F NMR (376 MHz, Acetone-d6) δ (ppm) -112.26; HRMS (ESI): Exact mass calcd for C33H33BrFN3O3 
[M+H]+, 618.1768. Found 618.1750; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) 
= 13.978 min, tR(minor) = 22.215 min, 98.4% ee.

CO2tBu

NPh

Ph

N

O
N

3bh

Yellow oil; 23% yield; [α]D
25 = -24.2o (c = 0.14, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, Acetone-d6) δ 
(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 
calcd for C34H37N3O3 [M+H]+, 536.2913. Found 536.2910; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 
mL/min, 254 nm, tR(major) = 5.147 min, tR(minor) = 7.191 min, 97% ee.
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CO2tBu

NPh

Ph

N

O
N

OCH3

3bi

Yellow oil; 10% yield; [α]D
25 = -25.4o (c = 0.05, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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); 13C NMR (101 MHz, 
Acetone-d6) δ (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 C34H37N3O4 [M+H]+, 552.2862. Found 552.2855; HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 
1.0 mL/min, 254 nm, tR(major) = 6.600 min, tR(minor) = 12.092 min, 96% ee.

CO2tBu

N

O
Ph

Ph

N

O
N

3bj

Yellow oil; 44% yield; [α]D
25 = -94.2o (c = 0.11, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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, J1 = 1.88 Hz, J2 
= 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), 13C NMR (101 MHz, Acetone-d6) δ (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 C31H33N3O4 [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. 

CO2tBu

N

S
Ph

Ph

N

O
N

3bk

Yellow oil; 45% yield; [α]D
25 = -105.0o (c = 0.12, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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, J = 5.64 Hz, 1H), 3.75 (dd, J1 = 4.48 Hz, J2 = 3.44 Hz, 2H), 
2.39 (s, 3H), 2.17 (s, 3H), 1.35 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ (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 C31H33N3O3S [M+H]+, 528.2321. 
Found 528.2319. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(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

The Michael adduct 3aa (0.5 mmol, 0.24 g) was treated by 4.0 M HCl aq. (0.5 mL) in CH2Cl2 (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 CH2Cl2, the organic layer was washed by 5.0 mL of water and 5.0 mL of brine, then it was dried over anhydrous 
Na2SO4. 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. 

NHMeO2C

O

4aa

White solid; quant. yield; [α]D
25 = 52.4o (c = 0.05, CH2Cl2), m.p. 108.5-109.6 oC. 1H NMR (400 MHz, Acetone-d6) 

δ (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, J1 = 9.32 Hz, J2 = 7.52 Hz, 1H), 2.33 (dd, J1 = 10.6 Hz, J2 = 6.28 Hz, 1H); 13C NMR 
(101 MHz, Acetone-d6) δ (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 C12H14NO3 [M+H]+, 220.0974. Found 220.0978. HPLC: ChiralPak AD-H, n-hex/i-PrOH 
= 90:10, 1.0 mL/min, 230 nm, tR(major) = 17.442 min, tR(minor) = 23.850 min, 99.2% ee.

NHMeO2C

O

F 4ab

White solid; quant. yield; [α]D
25 = 57.1o (c = 0.05, CH2Cl2), m.p. 75.2-76.5 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(ppm) 7.43 (dd, J1 = 5.56 Hz, J2 = 2.52 Hz, 2H), 7.36 (br, 1H), 7.13 (t, J = 8.72 Hz, 2H), 4.26 (d, J = 5.2 Hz, 1H), 
3.76-3.72 (m, 1H), 3.73 (s, 3H, OCH3), 2.74 (dd, J1 = 9.28 Hz, J2 = 7.6 Hz, 1H), 2.35 (dd, J1 = 10.24 Hz, J2 = 6.6 Hz, 
1H); 13C NMR (101 MHz, Acetone-d6) δ (ppm) 176.24, 173.01, 164.00, 161.58, 139.72 (d, JC-F = 3.06 Hz), 129.82, 
116.39, 116.18, 63.53, 52.60, 44.26, 38.54; 19F NMR (376 MHz, Acetone-d6) δ (ppm) 60.27; HRMS (ESI): Exact 
mass calcd for C12H13FNO3 [M+H]+, 238.0879. Found 238.0884. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 
1.0 mL/min, 230 nm, tR(major) = 16.263 min, tR(minor) = 22.227 min, 97.5% ee.
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R'

CO2R

NPh

Ph
N

O
N

3

4 N HCl

CH2Cl2, r.t., 2 h

H
NRO2C

R'
O

4, quant. yields

H
NMeO2C

O

H
NMeO2C

O

F

H
NMeO2C

O

Cl

H
NMeO2C

O

F3C

H
NMeO2C

O

F

F

H
NMeO2C

O

F Cl

H
NMeO2C

O

H
NMeO2C

O

MeO

4aa, 99.2% ee 4ab, 97.5% ee 4ac, 94% ee
ent-4ac, 95% ee

4ad, 97.4% ee

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

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).

a

H
N

tBuO2C
O

Cl
4bc, 96.2% ee



NH
O

Cl 4ac

MeO2C

White solid; quant. yield; [α]D
25 = 61.9o (c = 0.05, CH2Cl2), 104.1-104.9 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, OCH3), 2.73 (dd, 
J1 = 9.28 Hz, J2 = 7.56 Hz, 1H), 2.34 (dd, J1 = 10.32 Hz, J2 = 6.56 Hz, 1H); 13C NMR (101 MHz, Acetone-d6) δ 
(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 C12H13ClNO3

+ [M+H]+, 254.0578. Found 254.0588. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 
230 nm, tR(major) = 8.933 min, tR(minor) = 12.187 min, 94% ee.

NH
O

Cl ent-4ac

MeO2C

White solid; quant. yield; [α]D
25 = -63.3o (c = 0.05, CH2Cl2), m.p. 103.4-104.2 oC. 1H NMR (400 MHz, Acetone-d6) 

δ (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, J2 = 7.56 Hz, 1H), 2.34 (dd, J1 = 10.32 Hz, J2 = 6.56 Hz, 1H); 13C NMR (101 MHz, Acetone-d6) δ 
(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, tR(major) = 12.578 min, tR(minor) = 9.064 min, 95% ee.

NH
O

Cl 4bc

tBuO2C

Yellow oil; quant. yield; [α]D
25 = 107.2o (c = 0.052, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (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, J1 = 9.2 Hz, J2 = 7.56 Hz, 1H), 2.36 
(dd, J1 = 9.4 Hz, J2 = 7.4 Hz, 1H), 1.41 (s, 9H, tBu); 13C NMR (101 MHz, Acetone-d6) δ (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 C15H19ClNO3 
[M+H]+, 296.1048. Found 296.1057. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) 
= 13.567 min, tR(minor) = 21.331 min, 96.2% ee.

NH
O

F3C 4ad

MeO2C

White solid; quant. yield; [α]D
25 = 73.4o (c = 0.05, CH2Cl2), m.p. 106.5-108.2 oC. 1H NMR (400 MHz, Acetone-d6) 

δ (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, J1 = 9.24 Hz, J2 = 7.64 Hz, 1H), 2.40 (dd, J1 = 10.32 Hz, J2 = 6.56 Hz, 1H); 13C 
NMR (101 MHz, Acetone-d6) δ (ppm) 175.64, 172.82, 148.28, 128.83, 126.56 (q, JC-F = 3.90 Hz), 62.95, 52.62, 
44.64, 38.24; 19F NMR (376 MHz, Acetone-d6) δ (ppm) 114.51; HRMS (ESI): Exact mass calcd for C13H12F3NO3 
[M+H]+, 288.0848. Found 288.0853. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) 
= 12.691 min, tR(minor) = 21.193 min, 97.4% ee.
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NH
O

F
F 4ae

MeO2C

White solid; quant. yield; [α]D
25 = 21.7o (c = 0.05, CH2Cl2), m.p. 87.7-88.6 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, 
OCH3), 2.74 (dd, J1 = 9.28 Hz, J2 = 7.6 Hz, 1H), 2.39 (dd, J1 = 9.8 Hz, J2 = 7.08 Hz, 1H); 13C NMR (101 MHz, 
Acetone-d6) δ (ppm) 175.89, 172.78, 151.75 (dd, JC-F = 74.62, 12.76 Hz), 149.31 (dd, JC-F = 74.18, 12.70 Hz), 141.09 
(dd, JC-F = 3.90, 1.12 Hz), 124.79 (dd, JC-F = 3.54, 1.24 Hz), 118.40 (d, JC-F = 17.10 Hz), 117.11 (d, JC-F = 17.80 Hz), 
63.19, 52.65, 44.23, 38.50; 19F NMR (376 MHz, Acetone-d6) δ (ppm) 38.05, 37.99, 35.16, 35.10; HRMS (ESI): Exact 
mass calcd for C12H11F2NO3 [M+H]+, 256.0785. Found 256.0787. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 
1.0 mL/min, 230 nm, tR(major) = 17.222, tR(minor) = 21.366 min, 96% ee.

NH
O

F Cl 4af

MeO2C

White solid; quant. yield; [α]D
25 = 65.3o (c = 0.05, CH2Cl2), m.p. 67.8-69.4 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(ppm) 7.61 (dd, J1 = 2.68 Hz, J2 = 6.0 Hz, 1H), 7.37 (brs, 1H), 7.31 (dd, J1 = 2.6 Hz, J2 = 6.08 Hz, 1H), 7.20 (td, J1 
= 2.52 Hz, J2 = 5.84 Hz, 1H), 4.32 (d, J = 4.88 Hz, 1H), 4.16-4.11 (m, 1H), 3.71 (s, 3H), 2.79 (dd, J1 = 7.6 Hz, J2 = 
9.32 Hz, 1H), 2.35 (dd, J1 = 6.08 Hz, J2 = 10.84 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) δ (ppm) 62.78; HRMS 
(ESI): Exact mass calcd for C12H11ClFNO3 [M+H]+, 272.0490. Found 272.0494. HPLC: ChiralPak AD-H, n-hex/i-
PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) = 17.278 min, tR(minor) = 23.051 min, 96.7% ee.

NH
O

4ah

MeO2C

White solid; quant. yield; [α]D
25 = 41.7o (c = 0.05, CH2Cl2), m.p. 83.5-84.4 oC. 1H NMR (400 MHz, Acetone-d6) δ 

(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, 
OCH3), 3.68-3.62 (m, 1H), 2.71 (dd, J1 = 7.56 Hz, J2 = 9.28 Hz, 1H), 2.32 (dd, J1 = 6.36 Hz, J2 = 10.6 Hz, 1H), 2.30 
(s, 3H, CH3); 13C NMR (101 MHz, Acetone-d6) δ (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 C13H15NO3 [M+H]+, 234.1130. Found 234.1113. 
HPLC: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) = 15.964 min, tR(minor) = 20.338 
min, 98.4% ee.

NH
O

O 4ai

MeO2C

Yellow oil; quant. yield; [α]D
25 = 43.8o (c = 0.05, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ (ppm) 7.30 (d, J = 

8.68 Hz, 2H), 7.16 (br, 1H), 6.93 (d, J = 8.72 Hz, 2H), 4.22 (d, J = 5.12 Hz, 1H), 3.80 (s, 3H), 3.71 (s, 3H), 3.68-3.63 
(m, 1H), 2.70 (dd, J1 = 7.6 Hz, J2 = 9.24 Hz, 1H), 2.32 (dd, J1 = 6.48 Hz, J2 = 10.32 Hz, 1H); 13C NMR (101 MHz, 
Acetone-d6) δ (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 C13H16NO4 [M+H]+, 250.1079. Found 250.1081. HPLC: ChiralPak AD-H, n-hex/i-PrOH = 
90:10, 1.0 mL/min, 230 nm, tR(major) = 22.536, tR(minor) = 30.339 min, 99% ee.
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3. X-ray single crystal diffraction analysis of 4ac and ent-4ac

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 C12H12ClNO3 of 4ac

S14

Empirical formula C12H12ClNO3 
Formula weight 253.68 
Temperature/K 230.00(10) 
Crystal system orthorhombic 
Space group P212121 
a/Å 5.78020(10) 
b/Å 7.48790(10) 
c/Å 27.7844(5) 
α/° 90 
β/° 90 
γ/° 90 
Volume/Å3 1202.55(3) 
Z 4 
ρcalcg/cm3 1.401 
μ/mm-1 2.798 
F(000) 528.0 
Crystal size/mm3 0.11 × 0.1 × 0.09 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 12.242 to 131.862 
Index ranges -6 ≤ h ≤ 6, -8 ≤ k ≤ 8, -29 ≤ l ≤ 32 
Reflections collected 4506 
Independent reflections 2082 [Rint = 0.0181, Rsigma = 0.0221] 
Data/restraints/parameters 2082/0/156 
Goodness-of-fit on F2 1.084 
Final R indexes [I>=2σ (I)] R1 = 0.0251, wR2 = 0.0661 
Final R indexes [all data] R1 = 0.0261, wR2 = 0.0669 
Largest diff. peak/hole / e Å-3 0.14/-0.19 
Flack parameter 0.004(6)

NH

CO2Me

O

Cl

4ac CCDC 2133196



Cl

O

NH

CO2Me

CCDC 2222101ent-4ac

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 C12H12ClNO3 of ent-4ac
Empirical formula C12H12ClNO3 
Formula weight 253.68 
Temperature/K 240.00(10) 
Crystal system orthorhombic 
Space group P212121 
a/Å 5.7785(3) 
b/Å 7.4826(3) 
c/Å 27.8645(11) 
α/° 90 
β/° 90 
γ/° 90 
Volume/Å3 1204.81(9) 
Z 4 
ρcalcg/cm3 1.399 
μ/mm-1 2.793 
F(000) 528.0 
Crystal size/mm3 0.13 × 0.12 × 0.11 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 12.248 to 133.028 
Index ranges -6 ≤ h ≤ 4, -6 ≤ k ≤ 8, -22 ≤ l ≤ 33 
Reflections collected 3366 
Independent reflections 2090 [Rint = 0.0225, Rsigma = 0.0339] 
Data/restraints/parameters 2090/0/155 
Goodness-of-fit on F2 1.045 
Final R indexes [I>=2σ (I)] R1 = 0.0348, wR2 = 0.0792 
Final R indexes [all data] R1 = 0.0405, wR2 = 0.0840 
Largest diff. peak/hole / e Å-3 0.13/-0.17 
Flack parameter 0.029(13)
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5. NOESY Copies
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6. HRMS scanning copies
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calcd. for C30H29N3O3 [M+H]+, 480.2287
Found 480.2285
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calcd. for C30H28FN3O3 [M+H]+, 498.2193
Found 498.2192



S59

CO2Me

N NPh

Ph

Cl

O

N

3ac
calcd. for C30H28ClN3O3 [M+H]+, 514.1897
Found 514.1985
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calcd. for C31H28F3N3O3 [M+H]+, 548.2161
Found 548.2158
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calcd. for C30H27F2N3O3 [M+H]+, 516.2099
Found 514.2098
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calcd. for C30H27ClFN3O3 [M+H]+, 532.1803
Found 532.1805
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calcd. for C30H27FBrN3O3 [M+H]+, 576.1298
Found 576.1299
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calcd. for C31H31N3O3 [M+H]+, 492.2444.
Found 492.2445
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calcd. for C31H31N3O4 [M+H]+, 510.2393.
Found 510.2396
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calcd. for C28H27N3O4 [M+H]+, 470.2080.
Found 470.2084
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calcd. for C28H27N3O3S [M+H]+, 486.1851.
Found 486.1852
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Found 522.2745
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calcd for C33H34FN3O3 [M+H]+, 540.2622.
Found 540.2656
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calcd for C33H34ClN3O3 [M+H]+, 556.2367.
Found 556.2360
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calcd for C33H34F3N3O3 [M+H]+, 590.2631.
Found 590.2624
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calcd for C33H33F2N3O3 [M+H]+, 558.2568.
Found 558.2565



S73

CO2tBu

NPh

Ph

N

O
N

F

Cl

3bf

calcd for C33H33ClFN3O3 [M+H]+, 574.2273.
Found 574.2265
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calcd for C33H33BrFN3O3 [M+H]+, 618.1768.
Found 618.1750
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calcd for C34H37N3O3 [M+H]+, 536.2913.
Found 536.2910



S76

CO2tBu

NPh

Ph

N

O
N

OCH3

3bi
calcd for C34H37N3O4 [M+H]+, 552.2862.
Found 552.2855



S77

CO2tBu

N

O
Ph

Ph

N

O
N

3bj
calcd for C31H33N3O4 [M+H]+, 512.2549.
Found 512.2546
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calcd for C31H33N3O3S [M+H]+, 528.2321.
Found 528.2319
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O
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calcd for C12H13NO3 [M+H]+, 220.0974.
Found 220.0978
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NHMeO2C

O

F 4ab

calcd for C12H12FNO3 [M+H]+, 238.0879.
Found 238.0884
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O

Cl 4ac

MeO2C

calcd for C12H12ClNO3 [M+H]+, 254.0584.
Found 254.0588



S82

NH
O

Cl 4bc

tBuO2C

calcd for C15H19ClNO3 [M+H]+, 296.1048.
Found 296.1057
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NH
O

F3C 4ad

MeO2C

calcd for C13H12F3NO3 [M+H]+, 288.0848.
Found 288.0853
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F
F 4ae

MeO2C

calcd for C12H11F2NO3 [M+H]+, 256.0785.
Found 256.0787
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NH
O

F Cl 4af

MeO2C

calcd for C12H11ClFNO3 [M+H]+, 272.0490.
Found 272.0494
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NH
O

4ah

MeO2C

calcd for C13H15NO3 [M+H]+, 234.1130.
Found 234.1113
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NH
O

O 4ai

MeO2C

calcd for C13H16NO4 [M+H]+, 250.1079.
Found 250.1081



7. HPLC copies
rac-3aa: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.8 mL/min, 254 nm, tR(major) = 26.127 min and 41.873 min, 
tR(minor) = 39.261 and 54.615 min, dr = 99:1. 

enan-3aa: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.8 mL/min, 254 nm, tR(major) = 26.818 min, tR(minor) = 43.017 
min, major: 97% ee.
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rac-3ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.638 min and 12.999 min, 
tR(minor) = 11.015 and 15.591 min, dr = 95:5. 

enan-3ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.707 min, tR(minor) = 12.670 
min, major: 97% ee.
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rac-3ac: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.785 min and 12.934 min, 
tR(minor) = 10.297 and 15.205 min, dr = 98.5:1.5. 

enan-3ac: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 8.049 min, tR(minor) = 13.203 
min, major: 97% ee.
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rac-3ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 6.827 and 12.278 min, tR(minor) 
= 7.319 and 14.022 min, dr > 96:4. 

enan-3ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.108 min, tR(minor) = 13.529 
min, 97% ee.
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rac-3ae: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 6.903 and 11.988min, tR(minor) 
= 8.617 and 14.269 min, dr = 98:2. 

enan-3ae: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tR(major) = 7.005 min, tR(minor) = 12.474 
min, 97% ee.
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rac-3af: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.4 mL/min, 254 nm, tR = 53.703 and 57.917 min, dr > 99:1. 

enan-3af: ChiralPak AD-H, n-hex/i-PrOH = 98:2, 0.4 mL/min, 254 nm, tR(major) = 66.839 min, tR(minor) = 71.248 
min, 99% ee.
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rac-3ag: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 13.846 and 10.425, tR(minor) = 
9.653 and 12.909 min, dr = 98:2. 

enan-3ag: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.834 min, tR(minor) = 10.536 
min, 98% ee.
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rac-3ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR = 7.875 and 10.420 min, dr > 99:1. 

enan-3ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.856 min, tR(minor) = 10.332 
min, 94% ee.
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rac-3ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 11.827 and 19.675 min, tR(minor) 
= 14.268 and 18.145 min, dr = 93:7. 

 

enan-3ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 11.882 and 19.703 min, 
tR(minor) = 14.327 and 18.148 min, dr = 98:2, 95 % ee.
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rac-3aj: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 9.019 and 16.287 min, tR(minor) 
= 8.092 and 10.101 min, dr = 98.5:1.5. 

 

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

S97

CO2Me

N NPh

Ph O

N

O

3aj



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. 

enan-3ak: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 7.937 min, tR(minor) = 11.742 
min, 95 % ee.
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rac-3ba: ChiralPak AD-H, n-hex/i-PrOH = 97:3, 0.7 mL/min, 254 nm, tR = 28.289 and 39.118 min, dr > 99:1. 

enan-3ba: ChiralPak AD-H, n-hex/i-PrOH = 97:3, 0.7 mL/min, 254 nm, tR(major) = 28.096 min, tR(minor) = 38.664 
min, 98 % ee.
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rac-3bb: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR = 15.128 and 26.477 min, dr > 99:1. 

enan-3bb: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 15.452 min, tR(minor) = 26.122 
min, 98 % ee.
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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. 

enan-3bc: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 5.513 min, tR(minor) = 9.225 
min, 98.5 % ee.

CO2tBu

NPh

Ph

N

O
N

Cl

3bc



S101
rac-3bd: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR = 5.016 and 8.588 min, dr > 99:1.

enan-3bd: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 4.984 min, tR(minor) = 8.483 
min, 98.1% ee.
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rac-3be: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tR(major) = 6.914 and 11.531 min, dr > 99:1. 

enan-3be: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 1.0 mL/min, 254 nm, tR(major) = 6.929 min, tR(minor) = 11.534 
min, 97.8% ee.
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rac-3bf: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 14.654 and 16.502 min, dr > 99:1. 

enan-3bf: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 14.634 min, tR(minor) = 16.468 
min, 98.3% ee.
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rac-3bg: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 13.846 and 21.969 min, dr > 99:1. 

enan-3bg: ChiralPak AD-H, n-hex/i-PrOH = 95:5, 0.5 mL/min, 254 nm, tR(major) = 13.978 min, tR(minor) = 22.215 
min, 98.4% ee.
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rac-3bh: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 5.203 and 7.220 min, dr > 99:1. 

enan-3bh: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 5.147 min, tR(minor) = 7.191 
min, 97% ee.
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rac-3bi: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 6.644 and 12.058 min, dr > 99:1. 
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enan-3bi: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 6.600 min, tR(minor) = 12.092 
min, 96% ee.
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rac-3bk: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 5.605 and 6.501 min, dr > 99:1. 
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enan-3bk: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 254 nm, tR(major) = 5.484 min, tR(minor) = 6.355 
min, 97.2% ee.
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rac-4aa: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 17.508 and 23.886 min. 
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enan-4aa: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) = 17.442 min, tR(minor) = 23.850 
min, 99.2% ee.
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rac-4ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 14.996 and 21.331 min. 

enan-4ab: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) = 16.263 min, tR(minor) = 22.227 
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min, 97.5% ee.

 

S110
rac-4ac: ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, tR = 8.528 and 11.827 min.
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enan-4ac (by using S-CSB cat.): ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, tR(major) = 8.933 
min, tR(minor) = 12.187 min, 94% ee. 
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rac-4ac: ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, tR = 9.040 and 12.598 min.
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ent-4ac (by using R-CSB cat.): ChiralPak AD-H, n-hex/i-PrOH = 80:20, 1.0 mL/min, 230 nm, tR(major) = 12.578 
min, tR(minor) = 9.064 min, 95.1% ee. 
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rac-4bc: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 13.503 and 21.290 min. 
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enan-4bc: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) = 13.567 min, tR(minor) = 21.331 
min, 96.2% ee.
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rac-4ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 12.189 and 20.507 min. 
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enan-4ad: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR(major) = 12.691 min, tR(minor) = 21.193 
min, 97.4% ee.
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rac-4ae: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 16.825 and 21.095 min. 

enan-4ae: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 17.222 and 21.366 min, 96.2% ee.
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rac-4af: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 17.146 and 22.972 min. 
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enan-4af: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 17.278 and 23.051 min, 96.7% ee.
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rac-4ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 16.142 and 20.504 min. 

NH
O

F Cl 4af

MeO2C



enan-4ah: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 15.964 and 20.338 min, 98.4% ee.
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rac-4ai: ChiralPak AD-H, n-hex/i-PrOH = 90:10, 1.0 mL/min, 230 nm, tR = 20.396 and 27.397 min.

 

NH
O

4ah

MeO2C



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