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1. General 

The 1H NMR, 13C NMR, 19F NMR spectra were measured in acetone-d6, CDCl3, 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 

spectromrtry (HRMS) was 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. 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, β-substituted α,β-unsaturated pyrazolamides were prepared according to literatures reported 

methods.[1,2] Chiral cyclopropenimine organosuperbsaes (CSBs) CSB-1-5 were prepared following literature reported 

procedure, and their characterization data are consistent with reference report.[3] The characterization data of all new 

compounds are listed in this document. 

2. Experimental sections 

2.1 The synthesis of substrates 

 

 

To α,β-unsaturated ester 1 (1 equiv) in THF+H2O (1:1) added LiOH·H2O (2 equiv) at 0 °C and then the reaction mixture 

was stirred at room temperature for 4 h. After the substrate was detected by TLC plate, adjusted the pH to 3-4 with 2 N 

hydrochloric acid at 0 °C. The reaction was quenched by saturated saline, then extracted with DCM. The combined organic 

layers were dried over Na2SO4 and the solvents were evaporated under vacuum to afford α,β-unsaturated acid 4. 

 

(E)-4-Phenoxybut-2-enoic acid (4a)[4]: white solid, quant. yield, m.p. 115.4-117.2 ℃. 1H NMR (400 MHz, DMSO-d6) δ 

12.38 (s, 1H), 7.31 (dtd, J = 11.6, 8.0, 3.4 Hz, 2H), 7.08 – 6.89 (m, 5H), 6.04 (d, J = 15.0 Hz, 1H), 4.77 (d, J = 4.4 Hz, 2H). 

 

(E)-4-(4-Fluorophenoxy)but-2-enoic acid (4b): white solid, 97% yield. 1H NMR (400 MHz, DMSO-d6) δ 12.43 (s, 1H), 

7.19 – 7.09 (m, 2H), 7.04 – 6.90 (m, 3H), 6.04 (dt, J = 15.7, 2.0 Hz, 1H), 4.76 (dd, J = 4.2, 2.1 Hz, 2H). 

 

(E)-4-(2-Chlorophenoxy)but-2-enoic acid (4c): white solid, quant. yield, m.p. 171.9-173.0 ℃. 1H NMR (400 MHz, 

DMSO-d6) δ 12.51 (s, 1H), 7.49 – 7.42 (m, 1H), 7.34 – 7.28 (m, 1H), 7.15 (d, J = 8.3 Hz, 1H), 7.03 – 6.92 (m, 2H), 6.16 – 

6.04 (m, 1H), 4.95 – 4.80 (m, 2H). 

 

(E)-4-(2-Bromophenoxy)but-2-enoic acid (4d): white solid, 99% yield, m.p. 177.2-178.5 ℃. 1H NMR (400 MHz, 
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DMSO-d6) δ 12.5 (s, 1H), δ 7.61 (dd, J = 7.9, 1.6 Hz, 1H), 7.40 – 7.32 (m, 1H), 7.12 (dd, J = 8.3, 1.4 Hz, 1H), 7.01 – 6.89 

(m, 2H), 6.12 (dt, J = 15.7, 2.0 Hz, 1H), 4.87 (dd, J = 4.0, 2.1 Hz, 2H). 

 

(E)-4-(p-Tolyloxy)but-2-enoic acid (4e): white solid, quant. yield, m.p. 158.3-159.2 ℃. 1H NMR (400 MHz, DMSO-d6) δ 

7.09 (d, J = 8.3 Hz, 2H), 6.93 (dt, J = 15.8, 4.1 Hz, 1H), 6.88 – 6.81 (m, 2H), 6.01 (dt, J = 15.8, 2.1 Hz, 1H), 4.72 (dd, J = 

4.3, 2.0 Hz, 2H), 2.22 (s, 3H). 

 

(E)-4-(4-Ethoxyphenoxy)but-2-enoic acid (4f): white solid, 97% yield, m.p. 147.1-147.6 ℃. 1H NMR (400 MHz, DMSO-d6) 

δ 7.00 – 6.81 (m, 5H), 6.03 (dt, J = 15.7, 2.0 Hz, 1H), 4.70 (dd, J = 4.2, 2.1 Hz, 2H), 3.94 (q, J = 6.9 Hz, 2H), 1.29 (t, J = 

7.0 Hz, 3H). 

 

(E)-4-(2-Chloro-4-fluorophenoxy)but-2-enoic acid (4g): white solid, quant. yield, m.p. 124.2-125.6 ℃. 1H NMR (400 MHz, 

DMSO-d6) δ 7.46 (dd, J = 8.3, 2.5 Hz, 1H), 7.22 – 7.15 (m, 2H), 6.95 (dt, J = 15.8, 4.0 Hz, 1H), 6.08 (dt, J = 15.7, 2.1 Hz, 

1H), 4.86 (dd, J = 4.1, 2.1 Hz, 2H). 

 

(E)-4-(2-Chloro-4-cyanophenoxy)but-2-enoic acid (4h): white solid, 94% yield, m.p. 142.4-143.2 ℃. 1H NMR (400 MHz, 

DMSO-d6) δ 8.05 (d, J = 2.0 Hz, 1H), 7.87 – 7.84 (m, 1H), 7.32 (d, J = 8.7 Hz, 1H), 6.93 – 6.90 (m, 1H), 6.08 (dt, J = 15.7, 

2.0 Hz, 1H), 5.00 (dd, J = 4.1, 2.1 Hz, 2H). 

 

(E)-4-(3-Fluoro-4-methylphenoxy)but-2-enoic acid (4i): white solid, 97% yield, m.p.165.7-166.6 ℃. 1H NMR (400 MHz, 

DMSO-d6) δ 12.44 (s, 1H), 7.17 (t, J = 8.8 Hz, 1H), 6.91 (dt, J = 15.7, 4.2 Hz, 1H), 6.81 (dd, J = 11.8, 2.6 Hz, 1H), 6.72 (dd, 

J = 8.4, 2.6 Hz, 1H), 6.01 (dt, J = 15.7, 2.0 Hz, 1H), 4.75 (dd, J = 4.3, 2.0 Hz, 2H), 2.14 (d, J = 1.8 Hz, 3H). 

 

(E)-4-(5-Isopropyl-2-methylphenoxy)but-2-enoic acid (4j): white solid, 95%. 1H NMR (400 MHz, Chloroform-d) δ 7.00 

(dd, J = 7.5, 0.9 Hz, 1H), 6.71 (dd, J = 7.6, 1.7 Hz, 1H), 6.63 (d, J = 1.7 Hz, 1H), 5.94 (d, J = 1.1 Hz, 1H), 5.75 (s, 1H), 4.39 

– 4.24 (m, 2H), 2.89 – 2.75 (m, 1H), 2.38 (s, 3H), 1.21 (d, J = 7.0 Hz, 6H). 

 

(E)-4-(4-Acetamidophenoxy)but-2-enoic acid (4k): white solid, 87% yield，m.p. 210.3-211.4 ℃. 1H NMR (400 MHz, 

DMSO-d6) δ 12.43 (s, 1H), 9.84 (s, 1H), 7.49 (d, J = 9.0 Hz, 2H), 7.01 – 6.82 (m, 3H), 6.03 (dt, J = 15.8, 2.0 Hz, 1H), 4.73 

(dd, J = 4.3, 2.0 Hz, 2H), 2.01 (s, 3H). 
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(E)-4-((3-Carboxyallyl)oxy)benzoic acid (4l): white solid, quant. yield, m.p. 328.3-330.2 ℃. 1H NMR (400 MHz, 

DMSO-d6) δ 7.90 (d, J = 8.7 Hz, 2H), 7.06 (d, J = 8.9 Hz, 2H), 6.95 (dt, J = 15.7, 4.3 Hz, 1H), 6.11 – 5.97 (m, 1H), 4.87 (dd, 

J = 4.3, 2.0 Hz, 2H);  

To intermediate 1m (1 equiv) in EtOH added dropwise of sodium hydroxide solution (2 N, 3 equiv) at room temperature. 

The reaction mixture was stirred at room temperature for 2 h. After the substrate was detected by TLC plate, it was 

concentrated under reduced pressure. Then added a little water and adjusted the pH to 3-4 with 2 N HCl at 0 °C. Filter and 

remove solids and place in oven. These solids are intermediate 4m. 

 

(E)-3-(Benzofuran-2-yl)acrylic acid (4m)[5]: white solid, 98% yield, 1H NMR (400 MHz, DMSO-d6) δ 7.70 (d, J = 7.0 Hz, 

1H), 7.59 (dd, J = 19.4, 12.0 Hz, 2H), 7.48 – 7.37 (m, 1H), 7.37 – 7.23 (m, 2H), 6.44 (d, J = 15.7 Hz, 1H). 

 

(E)-3-(5-Fluorobenzofuran-2-yl)acrylic acid (4n): white solid, 74% yield, 1H NMR (400 MHz, DMSO-d6) δ 12.68 (s, 1H), 

7.75 – 7.62 (m, 1H), 7.62 – 7.48 (m, 2H), 7.35 (s, 1H), 7.25 (t, J = 7.8 Hz, 1H), 6.44 (d, J = 15.8 Hz, 1H). 

 

(E)-3-(5-Chlorobenzofuran-2-yl)acrylic acid (4o): white solid, 97% yield, 1H NMR (400 MHz, DMSO-d6) δ 7.80 (d, J = 2.0 

Hz, 1H), 7.72 – 7.55 (m, 2H), 7.43 (dd, J = 8.8, 2.2 Hz, 1H), 7.34 (s, 1H), 6.45 (d, J = 15.8 Hz, 1H). 

 

(E)-3-(5-Bromobenzofuran-2-yl)acrylic acid (4p): white solid, 77% yield, 1H NMR (400 MHz, DMSO-d6) δ 12.71 (s, 1H), 

7.94 (s, 1H), 7.69 – 7.47 (m, 3H), 7.33 (s, 1H), 6.45 (d, J = 15.8 Hz, 1H). 

 

(E)-3-(5-Methylbenzofuran-2-yl)acrylic acid (4q): white solid, quant. yield, 1H NMR (400 MHz, DMSO-d6) δ 12.60 (s, 1H), 

7.65 – 7.42 (m, 3H), 7.35 – 7.16 (m, 2H), 6.40 (d, J = 15.7 Hz, 1H), 2.40 (s, 3H). 

 

To 4 (5.6 mol), EDC·HCl (6.7 mol, 1.2 equiv) and HOBt (5.6 mol, 1 equiv) in dry DCM (35.0 mL) added 

3,5-dimethylpyrazole (11.2 mol, 2 equiv) and the mixture was stirred at rt for 8 h. After the reaction completed (detected by 

TLC), and it was quenched by H2O (15 mL), NaHCO3 (5%) and saturated saline, then extracted with DCM. The combined 
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organic layers were dried over Na2SO4 and the solvents were evaporated under vacuum. The residue was purified by a flash 

column chromatography to afford pure substrates 5 as white solid. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-phenoxybut-2-en-1-one (5a): white solid, 51% yield, m.p. 82.9-83.6 ℃. 1H NMR 

(400 MHz, Chloroform-d) δ 7.65 (d, J = 15.8 Hz, 1H), 7.36 – 7.26 (m, 3H), 7.02 – 6.91 (m, 3H), 5.99 (s, 1H), 4.80 (s, 2H), 

2.58 (s, 3H), 2.25 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 164.7, 158.3, 152.1, 144.4, 144.2, 129.5, 122.1, 121.3, 

114.9, 111.6, 67.1, 14.5, 13.8. HRMS-ESI (m/z): [M+Na]+ calcd. for C15H16N2O2Na+: 279.1109, found: 279.1110. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-(4-fluorophenoxy)but-2-en-1-one (5b): white solid, 48% yield, m.p. 

104.5-105.7 ℃. 1H NMR (400 MHz, Chloroform-d) δ 7.60 (dt, J = 15.8, 2.0 Hz, 1H), 7.26 – 7.19 (m, 1H), 6.98 – 6.91 (m, 

2H), 6.89 – 6.82 (m, 2H), 5.96 (s, 1H), 4.72 (dd, J = 4.4, 2.0 Hz, 2H), 2.55 (d, J = 1.0 Hz, 3H), 2.22 (s, 3H); 13C NMR (101 

MHz, Chloroform-d) δ 164.6, 157.6 (d, J = 239.1 Hz), 154.3 (d, J = 2.2 Hz), 152.2, 144.5, 143.9, 122.2, 115.9 (d, J = 8.0 

Hz), 115.9 (d, J = 23.0 Hz), 111.6, 67.8, 14.6, 13.8; 19F NMR (376 MHz, Chloroform-d) δ -123.2. HRMS-ESI (m/z): 

[M+H]+ calcd. for C15H15FN2O2H+: 275.1190, found: 275.1188. 

 

(E)-4-(2-Chlorophenoxy)-1-(3,5-dimethyl-1H-pyrazol-1-yl)but-2-en-1-one (5c): white solid, 41% yield, m.p. 85.1-86.3℃. 

1H NMR (400 MHz, Chloroform-d) δ 7.65 (dt, J = 15.8, 1.9 Hz, 1H), 7.32 (dd, J = 8.1, 1.6 Hz, 1H), 7.26 – 7.18 (m, 1H), 

7.16 – 7.10 (m, 1H), 6.90 – 6.79 (m, 2H), 5.92 (s, 1H), 4.80 (dd, J = 4.4, 2.0 Hz, 2H), 2.51 (d, J = 1.0 Hz, 3H), 2.18 (s, 3H); 

13C NMR (101 MHz, Chloroform-d) δ 164.6, 153.8, 152.2, 144.4, 143.3, 130.5, 127.7, 123.4, 122.7, 122.1, 114.0, 111.6, 

68.3, 14.6, 13.9. HRMS-ESI (m/z): [M+H]+ calcd. for C15H15ClN2O2H+: 291.0895, found: 291.0890. 

 

(E)-4-(2-Bromophenoxy)-1-(3,5-dimethyl-1H-pyrazol-1-yl)but-2-en-1-one (5d): white solid, 57% yield, m.p. 75.8-76.9℃. 

1H NMR (400 MHz, Chloroform-d) δ 7.68 (dt, J = 15.8, 2.0 Hz, 1H), 7.49 (dd, J = 7.8, 1.6 Hz, 1H), 7.28 – 7.14 (m, 2H), 

6.87 – 6.75 (m, 2H), 5.92 (s, 1H), 4.79 (dd, J = 4.4, 2.0 Hz, 2H), 2.51 (d, J = 1.0 Hz, 3H), 2.18 (s, 3H); 13C NMR (101 MHz, 

Chloroform-d) δ 164.6, 154.7, 152.2, 144.4, 143.2, 133.6, 128.5, 122.7, 122.6, 113.8, 112.6, 111.6, 68.3, 14.6, 13.9. 

HRMS-ESI (m/z): [M+H]+ calcd. for C15H15BrN2O2H+: 335.0390, found: 335.0385. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-(p-tolyloxy)but-2-en-1-one (5e): white solid, 23% yield, m.p. 65.1-66.4 ℃. 1H 

NMR (400 MHz, Chloroform-d) δ 7.57 (dt, J = 15.8, 2.0 Hz, 1H), 7.24 – 7.16 (m, 1H), 7.07 – 6.97 (m, 2H), 6.83 – 6.74 (m, 

2H), 5.92 (s, 1H), 4.70 (dd, J = 4.4, 2.0 Hz, 2H), 2.51 (s, 3H), 2.22 (s, 3H), 2.19 (s, 3H); 13C NMR (101 MHz, Chloroform-d) 

δ 164.7, 156.1, 152.1, 144.5, 144.4, 130.6, 130.0, 121.9, 114.7, 111.6, 67.3, 20.5, 14.6, 13.8. HRMS-ESI (m/z): [M+H]+ 

calcd. for C16H18N2O2H+: 271.1441, found: 271.1440. 



 S7 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-(4-ethoxyphenoxy)but-2-en-1-one (5f): white solid, 59% yield, m.p. 77.4-78.5 ℃. 

1H NMR (400 MHz, Chloroform-d) δ 7.66 (dt, J = 15.8, 2.0 Hz, 1H), 7.31 (dt, J = 15.8, 4.3 Hz, 1H), 6.96 – 6.82 (m, 4H), 

6.01 (s, 1H), 4.77 (dd, J = 4.4, 2.0 Hz, 2H), 4.00 (q, J = 7.0 Hz, 2H), 2.61 (d, J = 1.0 Hz, 3H), 2.28 (s, 3H), 1.41 (t, J = 7.0 

Hz, 3H); 13C NMR (101 MHz, Acetone-d6) δ 165.1, 154.6, 153.3, 152.5, 145.9, 144.8, 122.0, 116.7, 116.2, 112.3, 68.5, 64.4, 

15.2, 14.5, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for C17H20N2O3H+: 301.1547, found: 301.1543. 

 
(E)-4-(2-Chloro-4-fluorophenoxy)-1-(3,5-dimethyl-1H-pyrazol-1-yl)but-2-en-1-one (5g): white solid, 40% yield, m.p. 

91.6-92.4℃. 1H NMR (400 MHz, Chloroform-d) δ 7.63 (dt, J = 15.8, 1.9 Hz, 1H), 7.25 – 7.15 (m, 1H), 7.08 (dd, J = 8.0, 

2.8 Hz, 1H), 6.90 – 6.77 (m, 2H), 5.93 (s, 1H), 4.76 (dd, J = 4.5, 2.0 Hz, 2H), 2.51 (d, J = 1.0 Hz, 3H), 2.18 (s, 3H); 13C 

NMR (101 MHz, Chloroform-d) δ 164.5, 157.0 (d, J = 242.9 Hz), 152.3, 150.4 (d, J = 2.9 Hz), 144.4, 143.0, 124.3 (d, J = 

10.7 Hz), 122.7, 117.8 (d, J = 25.8 Hz), 115.1 (d, J = 8.8 Hz), 114.1 (d, J = 22.6 Hz), 111.6, 69.1, 14.5, 13.8; 19F NMR (376 

MHz, Chloroform-d) δ -120.5. HRMS-ESI (m/z): [M+H]+ calcd. for C15H14ClFN2O2H+: 309.0801, found: 309.0798. 

 

(E)-3-Chloro-4-((4-(3,5-dimethyl-1H-pyrazol-1-yl)-4-oxobut-2-en-1-yl)oxy)benzonitrile (5h): white solid, 24% yield, m.p. 

145.2-146.9℃. 1H NMR (400 MHz, Acetone-d6) δ 7.90 (s, 1H), 7.80 – 7.67 (m, 2H), 7.39 (d, J = 8.6 Hz, 1H), 7.29 (dt, J = 

15.9, 4.3 Hz, 1H), 6.15 (s, 1H), 5.23 – 5.10 (m, 2H), 2.55 (s, 3H), 2.20 (s, 3H); 13C NMR (101 MHz, Acetone-d6) δ 164.9, 

158.2, 152.7, 144.9, 143.3, 134.5, 133.8, 124.2, 123.1, 118.3, 115.3, 112.4, 106.2, 69.2, 14.5, 13.8. HRMS-ESI (m/z): 

[M+H]+ calcd. for C16H14ClN3O2H+: 316.0847, found: 316.0845. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-(3-fluoro-4-methylphenoxy)but-2-en-1-one (5i): white solid, 38% yield, m.p. 

91.7-93.3 ℃. 1H NMR (400 MHz, Chloroform-d) δ 7.56 (dt, J = 15.8, 2.0 Hz, 1H), 7.24 – 7.12 (m, 1H), 7.05 – 6.90 (m, 

1H), 6.62 – 6.49 (m, 2H), 5.92 (s, 1H), 4.68 (dd, J = 4.4, 2.0 Hz, 2H), 2.51 (d, J = 1.0 Hz, 3H), 2.18 (s, 3H), 2.12 (d, J = 1.8 

Hz, 3H); 13C NMR (101 MHz, Chloroform-d) δ 164.6, 161.6 (d, J = 244.9 Hz), 157.4 (d, J = 10.4 Hz), 152.2, 144.5, 143.7, 

131.5 (d, J = 7.2 Hz), 122.2, 117.3 (d, J = 17.6 Hz), 111.6, 110.2 (d, J = 3.1 Hz), 102.5 (d, J = 25.8 Hz), 67.4, 14.6, 13.8, 

13.8 (d, J = 3.1 Hz); 19F NMR (376 MHz, Chloroform-d) δ -115.0. HRMS-ESI (m/z): [M+H]+ calcd. for C16H17FN2O2H+: 

289.1347, found: 289.1348. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-(5-isopropyl-2-methylphenoxy)but-2-en-1-one (5j): white solid, 38% yield, m.p. 

50.9-52.0 ℃. 1H NMR (400 MHz, Chloroform-d) δ 7.70 (dt, J = 15.8, 2.0 Hz, 1H), 7.32 (dt, J = 15.7, 4.4 Hz, 1H), 7.09 (dd, 

J = 7.6, 0.8 Hz, 1H), 6.77 (dd, J = 7.5, 1.6 Hz, 1H), 6.69 (d, J = 1.6 Hz, 1H), 6.00 (s, 1H), 4.81 (dd, J = 4.5, 2.0 Hz, 2H), 
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2.59 (d, J = 1.0 Hz, 3H), 2.26 (d, J = 5.2 Hz, 6H), 1.24 (d, J = 6.9 Hz, 6H); 13C NMR (101 MHz, Acetone-d6) δ 165.2, 157.3, 

152.5, 148.8, 145.7, 144.8, 131.4, 124.7, 122.1, 119.5, 112.2, 111.0, 68.0, 34.8, 24.4, 16.0, 14.5, 13.8. HRMS-ESI (m/z): 

[M+H]+ calcd. for C19H24FN2O2H+: 313.1911, found: 313.1902. 

 

(E)-N-(4-((4-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-oxobut-2-en-1-yl)oxy) phenyl)acetamide (5k): white solid, 24% yield, m.p. 

143.5-144.2℃. 1H NMR (400 MHz, Chloroform-d) δ 7.56 (dt, J = 15.7, 2.0 Hz, 1H), 7.38 – 7.30 (m, 2H), 7.25 – 7.16 (m, 

2H), 7.11 (s, 1H), 6.88 – 6.80 (m, 2H), 5.93 (s, 1H), 4.70 (dd, J = 4.3, 2.0 Hz, 2H), 2.51 (d, J = 1.0 Hz, 3H), 2.19 (s, 3H), 

2.08 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 168.1, 164.6, 155.0, 152.2, 144.5, 144.1, 131.6, 122.1, 121.8, 115.2, 

111.6, 67.4, 24.4, 14.6, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for C17H19N3O3H+: 314.1499, found: 314.1497. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-4-(4-(3,5-dimethyl-1H-pyrazole-1-carbonyl)phenoxy)but-2-en-1-one (5l): white 

solid, 38% yield, m.p. 131.3-132.2℃. 1H NMR (400 MHz, Chloroform-d) δ 8.06 – 7.89 (m, 2H), 7.58 (dt, J = 15.8, 2.0 Hz, 

1H), 7.25 – 7.17 (m, 1H), 6.94 (d, J = 8.9 Hz, 2H), 5.95 (dd, J = 16.7, 1.1 Hz, 2H), 4.80 (dd, J = 4.3, 2.0 Hz, 2H), 2.52 (d, J 

= 8.6 Hz, 6H), 2.19 (d, J = 2.5 Hz, 6H); 13C NMR (101 MHz, Acetone-d6) δ 167.8, 165.0, 162.6, 152.7, 152.1, 145.6, 144.9, 

144.7, 134.8, 127.1, 122.5, 114.7, 112.3, 111.4, 68.1, 14.5, 14.2, 13.8, 13.7. HRMS-ESI (m/z): [M+H]+ calcd. for 

C21H22N4O3H+: 379.1765, found: 379.1759. 

 

(E)-3-(Benzofuran-2-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)prop-2-en-1-one (5m): white solid, 71% yield, m.p. 

152.3-153.1℃. 1H NMR (400 MHz, Chloroform-d) δ 8.03 (d, J = 15.6 Hz, 1H), 7.75 (d, J = 15.6 Hz, 1H), 7.60 (d, J = 7.5 

Hz, 1H), 7.52 (d, J = 8.1 Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.24 (d, J = 7.1 Hz, 1H), 7.03 (s, 1H), 6.02 (s, 1H), 2.62 (s, 3H), 

2.31 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 165.1, 155.8, 153.0, 152.1, 144.4, 132.2, 128.5, 126.7, 123.3, 121.8, 

118.7, 112.0, 111.6, 14.6, 13.9. HRMS-ESI (m/z): [M+Na]+ calcd. for C16H14N2O2Na+: 289.0953, found: 289.0954. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-3-(5-fluorobenzofuran-2-yl)prop-2-en-1-one (5n): white solid, 69% yield, m.p. 

158.3-159.1℃. 1H NMR (400 MHz, Chloroform-d) δ 8.03 (d, J = 15.6 Hz, 1H), 7.72 (d, J = 15.7 Hz, 1H), 7.52 – 7.40 (m, 

1H), 7.24 (s, 1H), 7.10 (t, J = 7.7 Hz, 1H), 7.00 (s, 1H), 6.03 (s, 1H), 2.63 (s, 3H), 2.31 (s, 3H); 13C NMR (101 MHz, 

Chloroform-d) δ 164.9, 159.4 (d, J = 238.9 Hz), 154.6, 144.4, 131.8, 129.2, 129.1, 119.5, 114.5 (d, J = 26.6 Hz), 112.3 (d, J 

= 9.4 Hz), 111.7, 111.6, 107.2, 106.9, 14.6, 13.9; 19F NMR (376 MHz, Chloroform-d) δ -120.0. HRMS-ESI (m/z): [M+Na]+ 

calcd. for C16H13N2O2FNa+: 307.0859, found: 307.0859. 
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(E)-3-(5-Chlorobenzofuran-2-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)prop-2-en-1-one (5o): white solid, 59% yield, m.p. 

171.3-172.9℃. 1H NMR (400 MHz, Chloroform-d) δ 8.04 (d, J = 15.7 Hz, 1H), 7.71 (d, J = 15.7 Hz, 1H), 7.57 (d, J = 1.7 

Hz, 1H), 7.45 (d, J = 8.7 Hz, 1H), 7.33 (dd, J = 8.8, 1.8 Hz, 1H), 6.03 (s, 1H), 2.63 (s, 3H), 2.31 (s, 3H); 13C NMR (101 

MHz, Acetone-d6) δ 165.1, 155.3, 155.0, 152.8, 144.9, 132.2, 131.0, 129.5, 127.7, 122.4, 120.4, 113.7, 112.7, 112.5, 14.5, 

13.8. HRMS-ESI (m/z): [M+Na]+ calcd. for C16H13N2O2ClNa+: 323.0563, found: 323.0562. 

 

(E)-3-(5-Bromobenzofuran-2-yl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)prop-2-en-1-one (5p): white solid, 82% yield, m.p. 

181.2-182.1℃. 1H NMR (400 MHz, Chloroform-d) δ 8.04 (d, J = 15.7 Hz, 1H), 7.71 (d, J = 15.2 Hz, 2H), 7.54 – 7.35 (m, 

2H), 6.96 (s, 1H), 6.03 (s, 1H), 2.62 (s, 3H), 2.31 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 164.9, 154.4, 154.1, 152.3, 

144.4, 131.6, 130.4, 129.5, 124.3, 119.8, 116.4, 113.0, 111.7, 110.8, 14.6, 13.9. HRMS-ESI (m/z): [M+Na]+ calcd. for 

C16H13N2O2BrNa+: 367.0058, found: 367.0052. 

 

(E)-1-(3,5-Dimethyl-1H-pyrazol-1-yl)-3-(5-methylbenzofuran-2-yl)prop-2-en-1-one (5q): white solid, 63% yield, m.p. 

125.5-126.2℃. 1H NMR (400 MHz, Chloroform-d) δ 8.00 (d, J = 15.6 Hz, 1H), 7.73 (d, J = 15.6 Hz, 1H), 7.46 – 7.33 (m, 

2H), 7.18 (d, J = 7.8 Hz, 1H), 6.96 (s, 1H), 6.02 (s, 1H), 2.62 (s, 3H), 2.44 (s, 3H), 2.31 (s, 3H); 13C NMR (101 MHz, 

Chloroform-d) δ 165.2, 154.3, 153.1, 152.1, 144.3, 132.9, 132.4, 128.6, 128.1, 121.5, 118.3, 111.8, 111.5, 111.1, 21.3, 14.6, 

13.9. HRMS-ESI (m/z): [M+Na]+ calcd. for C17H16N2O2Na+: 303.1109, found: 303.1111. 

2.2 General procedure for CSB-1 catalyzed Michael additions of 2 and 5. 

 

To 2 (1 mmol, 1 equiv) and 5 (1.0 mmol) in EA (10.0 mL) added CSB-1 (0.2 mmol) and the mixture was stirred at rt for 

12–18 h. After the reaction completed (detected by TLC), the solvent was removed by a rotary evaporator under reduced 

pressure. The residue was purified by a flash column chromatography (petroether/EtOAc/Et 3N 40:1:0.01~20:1:0.01, v/v) to 

afford pure 6 as a colorless sticky oil. 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo-3-(phenoxymethyl)pentanoate 
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(6a): colorless sticky oil, 85% yield, 98% ee, [𝛼]𝐷
20 = +4.9 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ 7.61 (d, 

J = 7.1 Hz, 2H), 7.52 – 7.30 (m, 6H), 7.24 (t, J = 8.0 Hz, 2H), 7.18 – 7.11 (m, 2H), 6.94 – 6.81 (m, 3H), 6.03 (s, 1H), 4.39 

(d, J = 4.1 Hz, 1H), 4.13 (dd, J = 9.4, 5.1 Hz, 1H), 3.99 (t, J = 8.8 Hz, 1H), 3.64 (dd, J = 17.1, 4.6 Hz, 1H), 3.50 – 3.30 (m, 

2H), 2.49 (s, 3H), 2.17 (s, 3H), 1.41 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 173.5, 172.3, 170.8, 159.7, 152.2, 144.5, 

140.4, 137.4, 131.2, 130.2, 129.5, 129.4, 129.3, 128.8, 128.6, 121.5, 115.3, 111.7, 81.8, 68.6, 66.3, 39.3, 34.5, 28.2, 14.6,  

13.8. HRMS-ESI (m/z): [M+H]+ calcd. for C34H38N3O4
+: 552.2862, found: 552.2862. HPLC test condition: Chiralpak 

OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, test wavelength 254 nm, tR (major) = 5.286 min and 6.271 min, 

tR (minor) = 6.873 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-3-((4-fluorophenoxy)methyl)-5-oxo- 

pentanoate (6b): colorless sticky oil, 68% yield, 98% ee, [𝛼]𝐷
20 = -68.0 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) 

δ 7.63 – 7.56 (m, 2H), 7.52 – 7.45 (m, 3H), 7.45 – 7.39 (m, 1H), 7.39 – 7.31 (m, 2H), 7.19 – 7.10 (m, 2H), 7.05 – 6.97 (m, 

2H), 6.88 – 6.81 (m, 2H), 6.03 (s, 1H), 4.36 (d, J = 4.2 Hz, 1H), 4.11 (dd, J = 9.5, 5.2 Hz, 1H), 4.00 – 3.94 (m, 1H), 3.63 (dd, 

J = 17.1, 4.7 Hz, 1H), 3.43 (dd, J = 17.1, 8.0 Hz, 1H), 3.38 – 3.29 (m, 1H), 2.49 (d, J = 1.0 Hz, 3H), 2.17 (s, 3H), 1.41 (s, 

9H); 13C NMR (101 MHz, Acetone-d6) δ 173.5, 172.3, 170.8, 158.0 (d, J = 236.2 Hz), 155.9 (d, J = 1.4 Hz), 152.2, 144.5, 

140.4, 137.4, 131.3, 129.5, 129.3 (d, J = 8.8 Hz), 128.7 (d, J = 25.5 Hz), 116.5, 116.5, 116.4, 116.3, 111.8, 81.8, 69.3, 66.3, 

39.3, 34.4, 28.2, 14.6, 13.8; 19F NMR (376 MHz, Acetone-d6) δ 51.8. HRMS-ESI (m/z): [M+H]+ calcd. for C34H37FN3O4
+: 

570.2763, found: 570.2755. HPLC test condition: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, test 

wavelength 254 nm, tR (major) = 5.514 min and 6.625 min, tR (minor) = 9.637 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-3-((2-chlorophenoxy)methyl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo- 

pentanoate (6c): colorless sticky oil, 50% yield, 98% ee, [𝛼]𝐷
20 = -73.5 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) 

δ 7.64 – 7.56 (m, 2H), 7.49 – 7.39 (m, 4H), 7.38 – 7.29 (m, 3H), 7.27 – 7.16 (m, 3H), 7.15 – 7.09 (m, 1H), 6.95 – 6.86 (m, 

1H), 6.00 (s, 1H), 4.52 – 4.47 (m, 1H), 4.23 – 4.13 (m, 2H), 3.70 – 3.59 (m, 1H), 3.49 – 3.36 (m, 2H), 2.48 (s, 3H), 2.16 (s, 

3H), 1.39 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 173.4, 172.4, 170.8, 155.2, 152.2, 144.5, 140.5, 137.2, 131.3, 130.8, 

129.4, 129.4, 129.3, 128.9, 128.8, 128.6, 123.2, 122.3, 114.4, 111.7, 81.8, 69.8, 66.3, 39.4, 34.5, 28.2, 14.7, 13.8. 

HRMS-ESI (m/z): [M+H]+ calcd. for C34H37ClN3O4
+: 586.2467, found: 586.2457. HPLC test condition: Chiralpak OD-H, 

Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, test wavelength 254 nm, tR (minor) = 12.714 min, tR (major) = 14.896 

min, dr > 20:1. 
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tert-Butyl (2S,3S)-3-((2-bromophenoxy)methyl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo- 

pentanoate (6d): colorless sticky oil, 79% yield, 95% ee, [𝛼]𝐷
20 = -80.0 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) 

δ 7.63 – 7.55 (m, 2H), 7.53 – 7.38 (m, 5H), 7.37 – 7.25 (m, 3H), 7.24 – 7.17 (m, 2H), 7.09 (dd, J = 8.3, 1.5 Hz, 1H), 6.85 (td, 

J = 7.6, 1.4 Hz, 1H), 5.99 (s, 1H), 4.53 (d, J = 4.8 Hz, 1H), 4.19 (d, J = 5.4 Hz, 2H), 3.71 – 3.60 (m, 1H), 3.47 – 3.37 (m, 

2H), 2.48 (d, J = 1.1 Hz, 3H), 2.16 (s, 3H), 1.38 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 173.4, 172.4, 170.8, 156.0, 

152.2, 144.5, 140.5, 137.3, 133.9, 131.3, 129.6, 129.4, 129.4, 128.8, 128.7, 122.8, 114.3, 112.6, 111.7, 81.8, 70.0, 66.4, 39.4, 

34.6, 28.2, 14.7, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for C34H37BrN3O4
+: 630.1962, found: 630.1954. HPLC test 

condition: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, test wavelength 254 nm, tR (minor) = 5.199 

min and 6.427 min, tR (major) = 5.940 min and 6.726 min, dr > 20:1. 

 

Methyl (2S,3S)-3-((2-bromophenoxy)methyl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo- 

pentanoate (6d’): colorless sticky oil, 71% yield, 93% ee, [𝛼]𝐷
20 = -78.2 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.6 – 7.6 (m, 2H), 7.5 (dd, J = 7.9, 1.6 Hz, 1H), 7.5 – 7.4 (m, 4H), 7.4 – 7.3 (m, 2H), 7.3 – 7.2 (m, 1H), 7.2 – 

7.1 (m, 2H), 7.1 (dd, J = 8.3, 1.4 Hz, 1H), 6.9 (td, J = 7.6, 1.4 Hz, 1H), 6.0 (s, 1H), 4.6 (d, J = 4.4 Hz, 1H), 4.2 (dd, J = 9.6, 

4.3 Hz, 1H), 4.1 (dd, J = 9.6, 7.0 Hz, 1H), 3.7 – 3.7 (m, 1H), 3.6 (s, 3H), 3.5 – 3.4 (m, 2H), 2.5 (s, 3H), 2.2 (s, 3H); 13C 

NMR (101 MHz, Acetone-d6) δ 173.3, 172.8, 172.1, 155.9, 152.2, 144.5, 140.3, 137.0, 133.9, 131.4, 129.6, 129.5, 129.5, 

128.8, 128.5, 122.7, 114.1, 112.5, 111.7, 69.6, 65.4, 52.4, 39.4, 34.4, 14.7, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for 

C31H31BrN3O4
+:588.1492, found: 588.1486. HPLC test condition: Chiralpak OD-H, Hexane/2-Propanol = 92:8, flow rate 

0.8 mL/min, test wavelength 254 nm, tR (minor) = 18.219 min, tR (major) = 17.155 min, dr > 20:1. 

 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo-3-((p-tolyloxy)methyl) 

pentanoate (6e): colorless sticky oil, 76% yield, 96% ee, [𝛼]𝐷
20 = -44.8 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) 

δ 7.65 – 7.58 (m, 2H), 7.52 – 7.38 (m, 4H), 7.38 – 7.31 (m, 2H), 7.19 – 7.11 (m, 2H), 7.08 – 7.00 (m, 2H), 6.78 – 6.70 (m, 

2H), 6.03 (s, 1H), 4.38 (d, J = 4.2 Hz, 1H), 4.09 (dd, J = 9.5, 5.1 Hz, 1H), 3.99 – 3.91 (m, 1H), 3.64 (dd, J = 17.1, 4.7 Hz, 

1H), 3.43 (dd, J = 17.1, 8.0 Hz, 1H), 3.39 – 3.30 (m, 1H), 2.49 (d, J = 1.0 Hz, 3H), 2.22 (s, 3H), 2.17 (s, 3H), 1.41 (s, 9H); 

13C NMR (101 MHz, Acetone-d6) δ 173.5, 172.2, 170.8, 157.6, 152.2, 144.4, 140.4, 137.4, 131.2, 130.6, 130.4, 129.5, 129.4, 
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129.3, 128.8, 128.6, 115.1, 111.8, 81.7, 68.7, 66.3, 39.3, 34.5, 28.2, 20.5, 14.7, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for 

C35H40N3O4
+: 566.3013, found: 566.3005. HPLC test condition: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 

mL/min, test wavelength 254 nm, tR (major) = 5.089 min and 6.757 min, tR (minor) = 6.221 min and 9.777 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-3-((4-ethoxyphenoxy)methyl)-5-oxo- 

pentanoate (6f): colorless sticky oil, 71% yield, 95% ee, [𝛼]𝐷
20 = -35.3° (c = 0.11, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.65 – 7.58 (m, 2H), 7.51 – 7.45 (m, 3H), 7.44 – 7.38 (m, 1H), 7.38 – 7.30 (m, 2H), 7.16 (dd, J = 6.6, 3.0 Hz, 

2H), 6.84 – 6.73 (m, 4H), 6.02 (s, 1H), 4.39 (d, J = 4.2 Hz, 1H), 4.06 (dd, J = 9.4, 5.2 Hz, 1H), 3.98 – 3.89 (m, 3H), 3.64 

(dd, J = 17.1, 4.7 Hz, 1H), 3.43 (dd, J = 17.1, 8.0 Hz, 1H), 3.39 – 3.30 (m, 1H), 2.49 (s, 3H), 2.18 (s, 3H), 1.41 (s, 9H), 1.31 

(t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, Acetone-d6) δ 173.5, 172.2, 170.9, 154.2, 153.6, 152.2, 144.4, 140.4, 137.4, 131.3, 

129.5, 129.4, 129.3, 128.9, 128.6, 116.1, 116.0, 111.8, 81.7, 69.2, 66.3, 64.3, 39.4, 34.5, 28.2, 15.3, 14.7, 13.9. HRMS-ESI 

(m/z): [M+H]+ calcd. for C36H42N3O5
+: 596.3119, found: 596.3112. HPLC test condition: Chiralpak OD-H, 

Hexane/2-Propanol = 80:20, flow rate 0.8 mL/min, test wavelength 254 nm, tR (major) = 5.493 min and 8.428 min, tR  

(minor) = 6.414 min and 8.428 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-3-((2-chloro-4-fluorophenoxy)methyl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)- 

5-oxopentanoate (6g): colorless sticky oil, 70% yield, 97% ee, [𝛼]𝐷
20 = -103.8 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.62 – 7.55 (m, 2H), 7.50 – 7.39 (m, 4H), 7.38 – 7.30 (m, 2H), 7.24 – 7.17 (m, 3H), 7.14 (dd, J = 9.1, 4.9 Hz, 

1H), 7.07 – 7.00 (m, 1H), 6.00 (s, 1H), 4.47 (d, J = 4.7 Hz, 1H), 4.21 – 4.11 (m, 2H), 3.69 – 3.59 (m, 1H), 3.47 – 3.36 (m, 

2H), 2.47 (s, 3H), 2.16 (s, 3H), 1.39 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 173.4, 172.4, 170.7, 157.2 (d, J = 239.9 

Hz), 152.2, 151.9 (d, J = 2.9 Hz), 144.5, 140.4, 137.2, 131.3, 129.5, 129.4, 129.3, 128.7 (d, J = 20.6 Hz), 123.8 (d, J = 10.8 

Hz), 117.9 (d, J = 26.4 Hz), 115.2, 115.1 (d, J = 3.3 Hz), 114.9, 111.7, 81.8, 70.5, 66.3, 39.4, 34.5, 28.1, 14.6, 13.8; 19F 

NMR (376 MHz, Acetone-d6) δ 54.0. HRMS-ESI (m/z): [M+H]+ calcd. for C34H35ClFN3O4
+: 604.2373, found: 604.2361. 

HPLC test condition: Chiralpak OD-H, Hexane/2-Propanol = 96:4, flow rate 0.8 mL/min, test wavelength 254 nm, tR (minor) 

= 7.601 min, tR (major) = 10.944 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-3-((2-chloro-4-cyanophenoxy)methyl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino) 

-5-oxopentanoate (6h): white solid, 73% yield, m.p. 62.0-62.9 ℃, 97% ee, [𝛼]𝐷
20 = -73.6 (c = 0.11, CH2Cl2). 1H NMR (400 

MHz, Acetone-d6) δ 7.79 (d, J = 2.1 Hz, 1H), 7.69 (dd, J = 8.6, 2.0 Hz, 1H), 7.63 – 7.55 (m, 2H), 7.50 – 7.38 (m, 4H), 7.34 
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(t, J = 8.5 Hz, 3H), 7.22 – 7.14 (m, 2H), 6.01 (d, J = 1.1 Hz, 1H), 4.47 (d, J = 4.5 Hz, 1H), 4.34 (dd, J = 9.7, 4.7 Hz, 1H), 

4.27 (dd, J = 9.7, 6.9 Hz, 1H), 3.71 – 3.59 (m, 1H), 3.51 – 3.38 (m, 2H), 2.48 (d, J = 1.0 Hz, 3H), 2.16 (s, 3H), 1.40 (s, 9H); 

13C NMR (101 MHz, Acetone-d6) δ 173.3, 172.6, 170.6, 158.7, 152.3, 144.6, 140.4, 137.1, 134.1, 133.7, 131.3, 129.5, 129.4, 

129.4, 128.8, 128.6, 124.1, 118.4, 114.8, 111.8, 105.5, 82.0, 70.5, 66.2, 39.2, 34.4, 28.1, 14.6, 13.8. HRMS-ESI (m/z): 

[M+H]+ calcd. for C35H36ClN4O4
+: 611.2420, found: 611.2417 HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 

90:10, flow rate 1.0 mL/min, test wavelength 254 nm, tR (minor) = 6.476 min and 9.802 min, tR (major) = 11.126 min and 

20.032 min, dr > 20:1. 

 

tert-Buty (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-3-((3-fluoro-4-methylphenoxy)methyl) 

-5-oxopentanoate (6i): colorless sticky oil, 74% yield, 98% ee, [𝛼]𝐷
20 = -64.0 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.65 – 7.57 (m, 2H), 7.52 – 7.38 (m, 4H), 7.38 – 7.30 (m, 2H), 7.18 – 7.05 (m, 3H), 6.59 (d, J = 10.3 Hz, 2H), 

6.03 (s, 1H), 4.36 (d, J = 4.2 Hz, 1H), 4.13 (dd, J = 9.6, 5.1 Hz, 1H), 3.98 (dd, J = 9.6, 8.2 Hz, 1H), 3.64 (dd, J = 17.2, 4.6 

Hz, 1H), 3.44 (dd, J = 17.1, 8.0 Hz, 1H), 3.39 – 3.30 (m, 1H), 2.49 (d, J = 1.0 Hz, 3H), 2.17 (s, 3H), 2.14 (d, J = 1.9 Hz, 

3H), 1.41 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 173.4, 172.3, 170.8, 162.3 (d, J = 242.8 Hz), 159.0 (d, J = 10.5 Hz), 

152.2, 144.5, 140.4, 137.4, 132.5 (d, J = 6.7 Hz), 131.3, 129.5, 129.4, 129.3, 128.9, 128.6, 116.9 (d, J = 17.6 Hz), 111.8, 

111.1 (d, J = 3.0 Hz), 102.6 (d, J = 25.8 Hz), 81.8, 69.1, 66.2, 39.1, 34.4, 28.2, 14.6, 13.8, 13.7 (d, J = 3.5 Hz); 19F NMR 

(376 MHz, Acetone-d6) δ 60.6. HRMS-ESI (m/z): [M+H]+ calcd. for C35H39FN3O4
+: 584.2919, found: 584.2909. HPLC test 

condition: Chiralpak OD-H, Hexane/2-Propanol = 93:7, flow rate 1.0 mL/min, test wavelength 254 nm, tR (major) = 5.014 

min and 5.743 min, tR (minor) = 6.777 min and 7.600 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-3-((5-isopropyl-2-methylphenoxy) 

methyl)-5-oxopentanoate (6j): colorless sticky oil, 83% yield, 98% ee, [𝛼]𝐷
20 = -55.8 (c = 0.11, CH2Cl2). 1H NMR (400 

MHz, Acetone-d6) δ 7.63 – 7.57 (m, 2H), 7.48 – 7.39 (m, 4H), 7.38 – 7.31 (m, 2H), 7.19 – 7.12 (m, 2H), 6.96 (dd, J = 7.6, 

0.9 Hz, 1H), 6.81 (d, J = 1.6 Hz, 1H), 6.67 (dd, J = 7.6, 1.7 Hz, 1H), 6.00 (d, J = 1.1 Hz, 1H), 4.45 (d, J = 4.8 Hz, 1H), 4.12 

– 4.05 (m, 2H), 3.68 – 3.58 (m, 1H), 3.47 – 3.37 (m, 2H), 2.83 – 2.75 (m, 1H), 2.49 (d, J = 1.0 Hz, 3H), 2.16 (s, 3H), 1.87 (s, 

3H), 1.39 (s, 9H), 1.16 (d, J = 6.9 Hz, 6H); 13C NMR (101 MHz, Acetone-d6) δ 173.6, 172.2, 171.0, 157.7, 152.2, 148.7, 

144.5, 140.5, 137.4, 131.2, 131.0, 129.4, 129.3, 128.8, 128.6, 124.4, 118.8, 111.7, 110.1, 81.7, 68.6, 66.7, 39.6, 34.8, 34.6, 

28.2, 24.4, 16.0, 14.6, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for C38H46N3O4
+: 608.3483, found: 608.3477. HPLC test 

condition: Chiralpak OD-H, Hexane/2-Propanol = 97:3, flow rate 0.8 mL/min, test wavelength 254 nm,tR (major) = 13.323 

min and 15.850 min, tR (minor) = 20.389 min, dr > 20:1. 
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tert-Butyl (2S,3S)-3-((4-acetamidophenoxy)methyl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5- 

oxopentanoate (6k): white solid, 65% yield, m.p. 68.7-71.3 ℃, 86% ee, [𝛼]𝐷
20 = -41.0 (c = 0.10, CH2Cl2). 1H NMR (400 

MHz, Acetone-d6) δ 7.64 – 7.57 (m, 2H), 7.56 – 7.45 (m, 5H), 7.44 – 7.39 (m, 1H), 7.38 – 7.30 (m, 2H), 7.18 – 7.10 (m, 

2H), 6.82 – 6.74 (m, 2H), 6.03 (s, 1H), 4.38 (d, J = 4.1 Hz, 1H), 4.10 (dd, J = 9.5, 5.1 Hz, 1H), 4.01 – 3.91 (m, 1H), 3.69 – 

3.59 (m, 1H), 3.44 (dd, J = 17.1, 7.9 Hz, 1H), 3.39 – 3.30 (m, 1H), 2.49 (s, 3H), 2.17 (s, 3H), 2.03 (s, 3H), 1.41 (s, 9H); 13C 

NMR (101 MHz, Acetone-d6) δ 173.5, 172.3, 170.9, 168.4, 168.3, 155.5, 152.2, 144.5, 140.4, 137.4, 131.3, 129.5, 129.4, 

129.3, 128.9, 128.6, 121.4, 121.3, 115.2, 111.8, 81.8, 68.9, 66.3, 39.3, 34.4, 28.2, 24.1, 14.7, 13.8. HRMS-ESI (m/z): 

[M+H]+ calcd. for C36H41N4O5
+: 609.3071, found: 609.3066. HPLC test condition: Chiralpak OD-H, Hexane/2-Propanol = 

80:20, flow rate 0.9 mL/min, test wavelength 254 nm, tR (minor) = 6.174 min, tR (major) = 7.695 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-3-((4-(3,5-dimethyl-1H-pyrazole-1-carbonyl)phenoxy)methyl)-2- 

((diphenylmethylene)amino)-5-oxopentanoate (6l): white solid, 46% yield, m.p. 59.3-62.1 ℃, 98% ee, [𝛼]𝐷
20 = -15.0 (c = 

0.12, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ 8.06 – 7.97 (m, 2H), 7.67 – 7.58 (m, 2H), 7.53 – 7.46 (m, 3H), 7.46 – 

7.40 (m, 1H), 7.39 – 7.32 (m, 2H), 7.20 – 7.12 (m, 2H), 6.99 – 6.91 (m, 2H), 6.16 (d, J = 1.1 Hz, 1H), 6.04 (d, J = 1.1 Hz, 

1H), 4.39 (d, J = 4.0 Hz, 1H), 4.28 (dd, J = 9.6, 5.1 Hz, 1H), 4.12 (dd, J = 9.7, 8.2 Hz, 1H), 3.66 (dd, J = 17.2, 4.6 Hz, 1H), 

3.48 (dd, J = 17.2, 8.0 Hz, 1H), 3.44 – 3.34 (m, 1H), 2.55 (d, J = 1.0 Hz, 3H), 2.50 (d, J = 1.0 Hz, 3H), 2.18 (d, J = 0.9 Hz, 

6H), 1.43 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 173.4, 172.4, 170.7, 167.9, 163.0, 152.3, 152.1, 145.5, 144.5, 140.4, 

137.3, 134.7, 131.3, 129.6, 129.4, 129.4, 128.9, 128.6, 126.5, 114.4, 111.8, 111.4, 81.9, 69.1, 66.2, 39.2, 34.4, 28.2, 14.7,  

14.3, 13.8, 13.8. HRMS-ESI (m/z): [M+H]+ calcd. for C40H44N5O5
+: 674.3337, found: 674.3336. HPLC test condition: 

Chiralpak OD-H, Hexane/2-Propanol = 95:5, flow rate 0.8 mL/min, test wavelength 254 nm, tR (major) = 9.692 min, tR 

(minor) = 11.523 min, dr > 20:1. 

 

tert-Butyl (2S,3S)-3-(benzofuran-2-yl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxopentanoate 

(6m): colorless sticky oil, 70% yield, 93% ee, [𝛼]𝐷
20 = -13.3 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) δ 7.63 – 

7.53 (m, 2H), 7.51 – 7.28 (m, 8H), 7.26 – 7.20 (m, 1H), 7.19 – 7.12 (m, 1H), 6.93 (d, J = 7.1 Hz, 2H), 6.59 (s, 1H), 5.99 (s, 

1H), 4.52 – 4.40 (m, 2H), 3.99 – 3.86 (m, 1H), 3.86 – 3.76 (m, 1H), 2.42 (s, 3H), 2.20 (s, 3H), 1.37 (s, 9H); 13C NMR (101 

MHz, Acetone-d6) δ 172.5, 172.3, 169.9, 159.2, 155.5, 152.5, 144.5, 140.2, 137.0, 131.4, 129.6, 129.5, 129.3, 128.9, 128.5, 

124.6, 123.5, 121.5, 111.9, 111.6, 104.3, 82.0, 69.3, 40.1, 35.7, 28.1, 14.6, 13.9. HRMS-ESI (m/z): [M+H]+ calcd. for 
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C35H36N3O4
+: 562.2706, found: 562.2701. HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 

mL/min, test wavelength 254 nm, tR (minor) = 5.852 min and 8.134 min, tR (major) = 6.594 min and 14.373 min, dr = 96:4. 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-3-(5-fluorobenzofuran-2-yl)-5-oxo- 

pentanoate (6n): colorless sticky oil, 67% yield, 97% ee, [𝛼]𝐷
20 = +5.0 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, Acetone-d6) 

δ 7.64 – 7.55 (m, 2H), 7.51 – 7.31 (m, 7H), 7.25 (dd, J = 8.8, 2.7 Hz, 1H), 7.03 (td, J = 9.2, 2.7 Hz, 1H), 6.96 (d, J = 7.3 Hz, 

2H), 6.65 (s, 1H), 6.01 (s, 1H), 4.51 – 4.41 (m, 2H), 3.98 – 3.88 (m, 1H), 3.88 – 3.79 (m, 1H), 2.44 (s, 3H), 2.21 (s, 3H), 

1.39 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 172.5, 169.8, 161.4, 160.0 (d, J = 236.1 Hz), 152.5, 151.7, 144.6, 140.2, 

137.0, 131.4, 130.5 (d, J = 11.0 Hz), 129.6, 129.5, 129.3, 128.9, 128.5, 112.5 (d, J = 9.6 Hz), 112.1, 111.9, 111.8, 107.0 (d, J 

= 25.2 Hz), 104.7 (d, J = 3.9 Hz), 82.1, 69.2, 40.2, 35.7, 28.1, 14.6, 13.9; 19F NMR (376 MHz, Acetone-d6) δ 55.1. 

HRMS-ESI (m/z): [M+H]+ calcd. for C35H35N3O4F+: 580.2612, found: 580.2607. HPLC test condition: Chiralpak AD-H, 

Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, test wavelength 254 nm, tR (minor) = 5.875 min and 9.239 min, tR  

(major) = 7.463 min and 19.360 min, dr = 98:2. 

  

tert-Butyl (2S,3S)-3-(5-chlorobenzofuran-2-yl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo- 

pentanoate (6o): colorless sticky oil, 56% yield, 98% ee, [𝛼]𝐷
20 = +12.4 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.62 – 7.53 (m, 3H), 7.50 – 7.33 (m, 7H), 7.28 – 7.22 (m, 1H), 6.96 (d, J = 7.4 Hz, 2H), 6.64 (s, 1H), 6.02 (s, 

1H), 4.50 – 4.40 (m, 2H), 3.98 – 3.78 (m, 2H), 2.44 (s, 3H), 2.21 (s, 3H), 1.39 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 

172.5, 172.4, 169.8, 161.2, 153.9, 152.6, 144.6, 140.2, 137.0, 131.4, 131.1, 129.6, 129.5, 129.3, 128.9, 128.5, 124.6, 121.1,  

113.0, 111.9, 104.2, 82.1, 69.2, 40.1, 35.7, 28.1, 14.6, 13.9. HRMS-ESI (m/z): [M+H]+ calcd. for C35H35N3O4Cl+: 596.2316, 

found: 596.2311. HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, test 

wavelength 254 nm, tR (minor) = 5.819 min and 10.432 min, tR (major) = 8.208 min and 13.349 min, dr = 97:3. 

 

tert-Butyl (2S,3S)-3-(5-bromobenzofuran-2-yl)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-5-oxo- 

pentanoate (6p): colorless sticky oil, 48% yield, 98% ee, [𝛼]𝐷
20 = +23.3 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.70 – 7.66 (m, 1H), 7.61 – 7.54 (m, 2H), 7.47 – 7.38 (m, 4H), 7.37 – 7.31 (m, 4H), 6.98 – 6.90 (m, 2H), 6.62 

(d, J = 0.8 Hz, 1H), 6.00 (d, J = 1.1 Hz, 1H), 4.48 – 4.39 (m, 2H), 3.94 – 3.77 (m, 2H), 2.42 (d, J = 1.0 Hz, 3H), 2.19 (s, 3H), 

1.37 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 172.5, 172.4, 169.8, 161.0, 154.2, 152.5, 144.6, 140.2, 137.0, 131.7, 131.4, 

129.6, 129.5, 129.3, 128.9, 128.5, 127.3, 124.2, 116.2, 113.5, 111.9, 104.0, 82.1, 69.1, 40.1, 35.7, 28.1, 14.5, 13.9. 
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HRMS-ESI (m/z): [M+H]+ calcd. for C35H35N3O4Br+: 640.1811, found: 640.1804. HPLC test condition: Chiralpak AD-H, 

Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, test wavelength 254 nm, tR (major) = 8.671 min and 12.616 min, tR 

(minor) = 11.198 min and 21.486 min, dr = 92:8. 

 

 

tert-Butyl (2S,3S)-5-(3,5-dimethyl-1H-pyrazol-1-yl)-2-((diphenylmethylene)amino)-3-(5-methylbenzofuran-2-yl)-5-oxo- 

pentanoate (6q): colorless sticky oil, 27% yield, 93.5% ee, [𝛼]𝐷
20 = +4.7 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, 

Acetone-d6) δ 7.57 (d, J = 7.9 Hz, 2H), 7.49 – 7.29 (m, 6H), 7.24 (d, J = 9.3 Hz, 2H), 7.04 (d, J = 8.3 Hz, 1H), 6.93 (d, J = 

7.1 Hz, 2H), 6.50 (s, 1H), 5.99 (s, 1H), 4.50 – 4.39 (m, 2H), 3.91 (dd, J = 17.3, 7.9 Hz, 1H), 3.80 (dd, J = 17.3, 4.3 Hz, 1H), 

2.42 (s, 3H), 2.34 (s, 3H), 2.20 (s, 3H), 1.38 (s, 9H); 13C NMR (101 MHz, Acetone-d6) δ 172.6, 172.3, 169.9, 159.3, 153.9, 

152.4, 144.5, 140.2, 137.0, 132.7, 131.4, 129.6, 129.6, 129.5, 129.3, 128.9, 128.5, 125.7, 121.4, 111.9, 111.1, 104.1, 82.0, 

69.3, 40.1, 35.7, 28.1, 21.4, 14.6, 13.9. HRMS-ESI (m/z): [M+H]+ calcd. for C36H38N3O4Br+: 576.2862, found: 576.2864. 

HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, test wavelength 254 nm, tR 

(minor) = 5.429 min and 8.190 min, tR (major) = 7.242 min and 9.885 min, dr = 99:1. 

2.3 Typical procedure for in-situ acidic hydrolysis and lactamization to 7d. 

 

 

To 6d in DCM (10.0 mL) added 4 M HCl and the mixture was stirred at r.t. for 2–3 h. After the reaction completed (detected 

by TLC), it was quenched by H2O (15 mL) and extracted with DCM (2 × 25 mL).  The combined organic layers were 

dried over Na2SO4 and the solvents were evaporated under vacuum. The residue was purified by a flash column 

chromatograph to afford pure 7d as a white solid. 

 
tert-Butyl (2S,3S)-3-((2-bromophenoxy)methyl)-5-oxopyrrolidine-2-carboxylate (7d): white solid, 86% yield, m.p. 

111.6-112.4 ℃, 97% ee, [𝛼]𝐷
20 = +32.8 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, Chloroform-d) δ 7.56 (dd, J = 7.9, 1.6 Hz, 

1H), 7.34 – 7.23 (m, 1H), 6.97 – 6.82 (m, 2H), 6.52 (s, 1H), 4.26 (d, J = 5.5 Hz, 1H), 4.22 – 4.09 (m, 2H), 3.01 (ddq, J = 

10.4, 6.9, 5.2 Hz, 1H), 2.59 (qd, J = 17.1, 8.0 Hz, 2H), 1.50 (s, 9H); 13C NMR (101 MHz, Chloroform-d) δ 176.3, 170.5, 

154.7, 133.5, 128.5, 122.6, 113.5, 112.6, 82.8, 69.2, 57.7, 38.4, 32.8, 28.0. HRMS-ESI (m/z): [M+H]+ calcd. for 

C16H21BrNO4
+: 370.0648, found: 370.0655. HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 80:20, flow rate 

1.0 mL/min, test wavelength 230 nm, tR (minor) = 16.597 min, tR (major) = 11.036 min. 
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Methyl (2S,3S)-3-((2-bromophenoxy)methyl)-5-oxopyrrolidine-2-carboxylate (7d’): white solid, 84% yield, m.p. 

93.6-94.9 ℃, 93% ee, [𝛼]𝐷
20 = +32.0 (c = 0.10, CH2Cl2). 1H NMR (400 MHz, Chloroform-d) δ 7.54 (dd, J = 7.8, 1.6 Hz, 

1H), 7.28 (d, J = 7.5 Hz, 1H), 6.97 – 6.84 (m, 2H), 6.55 (s, 1H), 4.39 (d, J = 5.4 Hz, 1H), 4.23 – 4.08 (m, 2H), 3.80 (s, 3H), 

3.13 – 3.00 (m, 1H), 2.64 (dd, J = 17.2, 9.2 Hz, 1H), 2.54 (dd, J = 17.2, 6.7 Hz, 1H); 13C NMR (101 MHz, Chloroform-d) δ 

176.2, 171.9, 154.6, 133.5, 128.5, 122.7, 113.5, 112.6, 69.1, 57.2, 52.8, 38.4, 32.5. HRMS-ESI (m/z): [M+H]+ calcd. for 

C13H15BrNO4
+:328.0179, found: 328.0172. HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 80:20, flow rate 

1.0 mL/min, test wavelength 230 nm, tR (minor) = 18.966 min, tR (major) = 15.792 min. 

 

tert-Butyl (2S,3S)-3-((2-chloro-4-cyanophenoxy)methyl)-5-oxopyrrolidine-2-carboxylate (7h): white solid, 86% yield, m.p. 

121.6-122.8 ℃, 98% ee, [𝛼]𝐷
20 = +43.8 (c = 0.11, CH2Cl2). 1H NMR (400 MHz, Chloroform-d) δ 7.67 (d, J = 2.0 Hz, 1H), 

7.55 (dd, J = 8.6, 2.0 Hz, 1H), 6.97 (d, J = 8.6 Hz, 1H), 6.28 (s, 1H), 4.27 – 4.14 (m, 3H), 3.11 – 2.96 (m, 1H), 2.63 (dd, J = 

17.1, 9.3 Hz, 1H), 2.47 (dd, J = 17.2, 6.9 Hz, 1H), 1.48 (s, 9H); 13C NMR (101 MHz, Chloroform-d) δ 175.6, 170.1, 157.4, 

133.8, 132.4, 124.2, 117.7, 113.2, 105.6, 83.2, 69.4, 57.5, 38.2, 32.6, 28.0. HRMS-ESI (m/z): [M+H]+ calcd. for 

C17H20ClN2O4
+: 351.1106, found: 351.1105. HPLC test condition: Chiralpak AD-H, Hexane/2-Propanol = 80:20, flow rate 

1.0 mL/min, test wavelength 230 nm, tR (minor) = 17.188 min, tR (major) = 15.956 min. 

3. X-ray single crystal diffraction data of 7d’[6]  

 

Table 1 Crystal data and structure refinement for 7d’ (CCDC 2357563) 

Identification code ww 

Empirical formula C13H14BrNO4 

Formula weight 328.16 

Temperature/K 303.00 

Crystal system monoclinic 

Space group P21 
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a/Å 8.978(3) 

b/Å 6.518(2) 

c/Å 24.261(7) 

α/° 90 

β/° 90.110(11) 

γ/° 90 

Volume/Å3 1419.7(8) 

Z 4 

ρcalcg/cm3 1.535 

μ/mm-1 2.904 

F(000) 664.0 

Crystal size/mm3 0.11 × 0.1 × 0.08 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.536 to 56.658 

Index ranges -11 ≤ h ≤ 11, -8 ≤ k ≤ 8, -32 ≤ l ≤ 32 

Reflections collected 16828 

Independent reflections 6753 [Rint = 0.0518, Rsigma = 0.0982] 

Data/restraints/parameters 6753/1/346 

Goodness-of-fit on F2 1.010 

Final R indexes [I>=2σ (I)] R1 = 0.0427, wR2 = 0.1063 

Final R indexes [all data] R1 = 0.0990, wR2 = 0.1331 

Largest diff. peak/hole / e Å-3 0.27/-0.33 

Flack parameter 0.054(12) 
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4. NMR scanning copies 
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5. HRMS scanning copies 
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6. HPLC Charts 

6a: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 98% ee 
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6b: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 98% ee 
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6c: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 98% ee 
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6d: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 95% ee 
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6d’: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 93.5% ee 
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6e: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 96% ee 
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6f: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 95% ee 
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6g: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 97% ee 
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6h: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 97% ee 
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6i: Chiralpak OD-H, Hexane/2-Propanol = 93:7, flow rate 1.0 mL/min, 254 nm, 98% ee 

 

 

 

 



 S95 

6j: Chiralpak OD-H, Hexane/2-Propanol = 97:3, flow rate 0.8 mL/min, 254 nm, 98% ee 

 

 

 

 
 

 



 S96 

6k: Chiralpak OD-H, Hexane/2-Propanol = 80:20, flow rate 0.9 mL/min, 254 nm, 86% ee 

 

 

 

 

 



 S97 

6l: Chiralpak OD-H, Hexane/2-Propanol = 90:10, flow rate 0.8 mL/min, 254 nm, 98% ee 

 

 

 

 



 S98 

6m: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, 254 nm, 93% ee 

 

 

 

 



 S99 

6n: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, 254, 97% ee 

 

 

 

 



 S100 

6o: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, 254 nm, 98% ee 

 

 

 

 



 S101 

6p: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, 254 nm, 98% ee 

 

 

 

 



 S102 

6q: Chiralpak AD-H, Hexane/2-Propanol = 90:10, flow rate 1.0 mL/min, 254 nm, 94% ee 

 

 

 

 



 S103 

7d: Chiralpak AD-H, Hexane/2-Propanol = 80:20, flow rate 1.0 mL/min, 230 nm, 97% ee 

 

 



 S104 

7d’: Chiralpak AD-H, Hexane/2-Propanol = 80:20, flow rate 1.0 mL/min, 230 nm, 93% ee 

 

 

 

 

 



 S105 

 

7h: Chiralpak AD-H, Hexane/2-Propanol = 80:20, flow rate 1.0 mL/min, 230 nm, 98% ee 
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