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1. General Information

Melting points were taken on WRS-1B digital melting-point apparatus without correction. 
Optical rotations were measured on a WZZ-2A digital polarimeter at the wavelength of the 
sodium D-line (589 nm). 1H NMR and 13C NMR spectra were recorded on Bruker 400 
spectrometer, and the chemical shifts were referenced to tetramethylsilane (δ = 0.00 ppm) 
for 1H NMR and central CDCl3 resonance (δ = 77.0 ppm) for 13C NMR. IR spectra were 
recorded on Nicolet Magna-1 550 spectrometer. High Resolution Mass spectra (HRMS) 
were recorded on Micromass GCT with Electron Spray Ionization (ESI) resource. HPLC 
analysis was performed on Waters equipment using Daicel Chiralcel OD-H column or 
Chiralpak AD-H column.
Anhydrous solvents were distilled from CaH2 (Dichloromethane, ethyl acetate, acetonitrile) 
or sodium-benzophenone (toluene, ether, THF) under N2. Anhydrous DMF was dried over 
CaH2 and distilled under reduced pressure. Analytical thin-layer chromatography (TLC) 
was performed on glass plates coated with 10-40 μm. Silica gel column chromatography 
was performed using silica gel (300-400 mesh).
Chiral cyclohexane-based N,P-ligands L1-L12 were prepared according to literature 
procedures.1 N-Boc ketimines2 and N-acylpyrazoles3,4 were synthesized according to 
literature.

2. Characterization Data of the New Chiral Ligands L7, L10 and L11

(S)-N-((1R,2R)-2-(diphenylphosphanyl)cyclohexyl)-2-((4-methylphenyl)sulfonamido) 
propanamide (L7)

White solid, 94% yield, mp 75.6-77.3 oC, [α]D
20 -38.9 (c 1.27, CH2Cl2); 

1H NMR (CDCl3, 400 MHz): δ 7.68 (d, J = 8.0 Hz, 2H), 7.61 (td, J = 7.6, 
1.6 Hz, 2H), 7.44-7.39 (m, 5H), 7.32-7.28 (m, 5H), 6.18 (d, J = 9.2 Hz, 

1H), 4.09 (d, J = 7.6 Hz, 1H), 3.87-3.77 (m, 1H), 3.60-3.52 (m, 1H), 2.39 (s, 3H), 2.36-2.29 
(m, 1H), 1.97-1.94 (m, 1H), 1.69-1.56 (m, 4H), 1.21-1.16 (m, 2H), 1.09-1.03 (m, 1H), 0.96 
(d, J = 7.2 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δ 169.5, 143.7, 138.0 (d, J = 14.1 Hz), 
136.4, 135.7 (d, J = 15.5 Hz), 134.1 (d, J = 20.7 Hz), 133.0 (d, J = 19.2 Hz), 129.8, 128.8, 
128.7 (d, J = 6.6 Hz), 128.3, 128.1 (d, J = 7.5 Hz), 126.9, 52.5, 51.5 (d, J = 16.8 Hz), 39.7 
(d, J = 15.4 Hz), 33.6 (d, J = 7.2 Hz), 27.8 (d, J = 6.0 Hz), 25.5 (d, J = 6.1 Hz), 24.6, 21.4, 
18.5; 31P NMR (CDCl3, 162 MHz): δ -7.60; IR (KBr, cm-1) ν 3396, 2930, 1651, 1539, 1328, 
1165, 1094, 698, 667, 566; HRMS (ESI) calcd for C28H33N2NaO3PS+ ([M+Na]+): 531.1842, 
found: 531.1846.
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(S)-N-((1R,2R)-2-(diphenylphosphanyl)cyclohexyl)-3,3-dimethyl-2-((4-methylphenyl) 
sulfonamido)butanamide (L10)

White solid, 63% yield, mp 132.7-134.4 oC, [α]D
20 -1.8 (c 2.28, CH2Cl2); 

1H NMR (CDCl3, 400 MHz): δ 7.75 (d, J = 8.0 Hz, 2H), 7.49-7.45 (m, 
2H), 7.42-7.36 (m, 3H), 7.35-7.29 (m, 5H), 7.23 (d, J = 8.0 Hz, 2H), 5.65 

(d, J = 8.0 Hz, 1H), 5.50 (d, J = 8.4 Hz, 1H), 3.68-3.60 (m, 1H), 3.17 (d, J = 8.4 Hz, 1H), 
2.20 (s, 3H), 2.15 (td, J = 8.4, 3.2 Hz, 2H), 1.73-1.69 (m, 1H), 1.60-1.49 (m, 2H), 1.38-1.32 
(m, 1H), 1.24-1.13 (m, 2H), 0.98-0.85 (m, 1H), 0.90 (s, 9H); 13C NMR (CDCl3, 100 MHz): 
δ 168.1, 143.4, 137.1, 136.5 (d, J = 13.6 Hz), 135.6 (d, J = 17.0 Hz), 134.2 (d, J = 20.4 Hz), 
132.8 (d, J = 18.5 Hz), 129.8, 129.0, 128.8 (d, J = 6.1 Hz), 128.6, 128.2 (d, J = 7.6 Hz), 
127.1, 64.9, 50.9 (d, J = 13.6 Hz), 39.0 (d, J = 16.4 Hz), 34.7, 32.1, 26.8, 26.4, 24.7, 23.7, 
21.4; 31P NMR (CDCl3, 162 MHz): δ -10.31; IR (KBr, cm-1) ν 3378, 2926, 2121, 1661, 
1527, 1336, 1158, 1089, 696, 573; HRMS (ESI) calcd for C31H39N2NaO3PS+ ([M+Na]+): 
573.2311, found: 573.2316.

(S)-N-((1R,2R)-2-(diphenylphosphanyl)cyclohexyl)-2-((4-methylphenyl)sulfonamido)-
2-phenylacetamide (L11)

White solid, 72% yield, mp 79.8-82.3 oC; [α]D
20 +32.5 (c 0.80, CH2Cl2); 

1H NMR (CDCl3, 400 MHz): δ 7.57 (d, J = 8.0 Hz, 2H), 7.52-7.48 (m, 
2H), 7.39-7.34 (m, 5H), 7.30-7.27 (m, 3H), 7.21-7.16 (m, 5H), 6.90-6.88 

(m, 3H), 5.71 (d, J = 4.8 Hz, 1H), 5.50 (d, J = 8.8 Hz, 1H), 4.30 (d, J = 4.8 Hz, 1H), 3.82-
3.73 (m, 1H), 2.34 (s, 3H), 2.20 (t, J = 10.4 Hz, 1H), 1.90-1.86 (m, 1H), 1.65-1.57 (m, 3H), 
1.30-1.24 (m, 1H), 1.18-1.12 (m, 1H), 1.04-0.95 (m, 1H); 13C NMR (CDCl3, 100 MHz): δ 
167.5, 143.3, 137.3 (d, J = 13.6 Hz), 136.7 (d, J = 16.3 Hz), 135.4 (d, J = 15.5 Hz), 134.1 
(d, J = 20.6 Hz), 132.9 (d, J = 19.1 Hz), 129.4, 128.9, 128.8, 128.7, 128.6, 128.3, 128.2, 
128.1, 127.6, 127.1, 60.1, 52.2 (d, J = 16.6 Hz), 39.7 (d, J = 15.5 Hz), 33.3 (d, J = 7.2 Hz), 
27.8 (d, J = 5.6 Hz), 25.4 (d, J = 5.5 Hz), 24.4, 21.4; 31P NMR (CDCl3, 162 MHz): δ -7.82; 
IR (KBr, cm-1) ν 3373, 2930, 1661, 1527, 1327, 1162, 1089, 747, 700, 664; HRMS (ESI) 
calcd for C33H35N2NaO3PS+ ([M+Na]+): 593.1998, found: 593.2005.

3. Characterization Data of the N-Acylpyrazoles 1h-1j and 1p

2-(2-bromophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)ethan-1-one (1h)
White solid, 83% yield, mp 64.1-66.1 oC; 1H NMR (CDCl3, 400 
MHz): δ 7.61 (d, J = 7.6 Hz, 1H), 7.30 (d, J = 4.0 Hz, 2H), 7.19-
7.15 (m, 1H), 6.00 (s, 1H), 4.62 (s, 2H), 2.53 (s, 3H), 2.29 (s, 3H); 
13C NMR (CDCl3, 100MHz): δ 170.5, 152.3, 144.4, 134.4, 132.8, 
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131.9, 128.9, 127.5, 125.4, 111.3, 42.7, 14.4, 13.9; IR (KBr, cm-1) ν 3448, 1729, 1583, 1378, 
1355, 1243, 1032, 989, 963, 739; HRMS (ESI) calcd for C13H14

79BrN2O+ ([M+H]+): 
293.0284, found: 293.0284.

1-(3,5-dimethyl-1H-pyrazol-1-yl)-2-(3-methoxyphenyl)ethan-1-one (1i)
White solid, 81% yield, mp 53.5-53.8 oC; 1H NMR (CDCl3, 
400 MHz): δ 7.27-7.23 (m, 1H), 6.95-6.91 (m, 2H), 6.82 
(dd, J = 8.0, 2.0 Hz, 1H), 5.97 (s, 1H), 4.40 (s, 2H), 3.80 (s, 
3H), 2.51 (s, 3H), 2.27 (s, 3H); 13C NMR (CDCl3, 100 

MHz): δ 171.7, 159.6, 152.1, 144.4, 135.5, 129.4, 122.3, 115.5, 112.6, 111.4, 55.1, 41.7, 
14.5, 13.8; IR (KBr, cm-1) ν 3428, 1724, 1580, 1490, 1375, 1347, 1263, 1154, 1046, 965, 
770, 750, 729, 691; HRMS (ESI) calcd for C14H17N2O2

+ ([M+H]+): 245.1285, found: 
245.1281.

2-(3-bromophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)ethan-1-one (1j)
White solid, 81% yield, mp 48.5-49.4 oC; 1H NMR (CDCl3, 
400 MHz): δ 7.52 (t, J = 1.6 Hz, 1H), 7.41 (dt, J = 7.6, 1.6 
Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 
5.99 (s, 1H), 4.40 (s, 2H), 2.52 (s, 3H), 2.27 (s, 3H); 13C NMR 

(CDCl3, 100 MHz): δ 171.1, 152.3, 144.4, 136.2, 132.9, 130.2, 130.0, 128.6, 122.4, 111.6, 
41.3, 14.5, 13.8; IR (KBr, cm-1) ν 3436, 1727, 1586, 1476, 1380, 1355, 1248, 986, 965, 747, 
686, 668; HRMS (ESI) calcd for C13H14

79BrN2O+ ([M+H]+): 293.0284, found: 293.0279.

1-(3,5-dimethyl-1H-pyrazol-1-yl)-3,3,3-trifluoropropan-1-one (1p)
White solid, 93% yield, mp 87.3-88.9 oC; 1H NMR (CDCl3, 400 
MHz): δ 6.01 (s, 1H), 4.04 (q, J = 10.0 Hz, 2H), 2.56 (s, 3H), 2.23 
(s, 3H); 13C NMR (CDCl3, 100 MHz): δ 164.0, 153.1, 144.5, 125.1 
(q, J = 274.5 Hz), 112.1, 39.5 (q, J = 29.7 Hz), 14.3, 13.7; IR (KBr, 

cm-1) ν 3430, 1725, 1586, 1473, 1339, 1192, 610, 524, 440; HRMS (ESI) calcd for 
C8H10F3N2O+ ([M+H]+): 207.0740, found: 207.0742.
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4. General Procedure for the Asymmetric Mannich Reaction
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Cu(CH3CN)4PF6 (5 mol%)
L8 (6 mol%)
Et3N (5 mol%)
CH3CN, 25 oC
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Cu(CH3CN)4PF6 (0.01 mmol, 3.7 mg) were added to a flame-dried Schlenk tube equipped 
a stir bar under N2 atmosphere. Ligand L8 (0.012 mmol, 7.0 mg) in 1 mL CH3CN was added 
to the tube via a syringe and the mixture was stirred for an hour at 25 oC. Then N-
acylpyrazole 1 (0.24 mmol), N-Boc ketimine 2 (0.2 mmol) and Et3N (0.01 mmol, 1.5 μL) 
in 1.0 mL CH3CN were added, and the mixture was stirred at this temperature until the 
reaction was completed (monitored by TLC). The solvent was removed under reduced 
pressure and the residue was purified by silica-gel column chromatography (20:1 
CH2Cl2/EtOAc) to afford the desire product 3.

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-1-
methyl-2-oxoindolin-3-yl)carbamate (3aa)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +62.6 (c 3.53, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 7.36-7.34 (m, 2H), 7.23-7.20 (m, 3H), 7.17 
(dd, J = 7.6, 0.8 Hz, 1H), 7.07 (d, J = 7.2 Hz, 1H), 6.92 (t, J = 7.2 Hz, 1H), 
6.80 (br, 1H), 6.65 (d, J = 8.0 Hz, 1H), 5.90 (s, 1H), 5.60 (s, 1H), 3.16 (s, 
3H), 2.49 (s, 3H), 2.17 (s, 3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3): 
δ 174.0, 169.2, 153.6, 152.4, 144.8, 143.9, 131.9, 130.5, 129.5, 128.8, 

128.2, 127.9, 123.2, 121.9, 111.9, 107.6, 80.0, 63.4, 53.7, 29.6, 27.9, 26.3, 14.6, 13.7; IR 
(KBr, cm-1): v 3423, 2966, 1717, 1614, 1471, 1383, 1219, 1162, 1080, 772; HRMS (ESI) 
calcd for C27H31N4O4

+ ([M+H]+): 475.2340, found: 475.2338; HPLC analysis (Daicel 
Chiralcel OD-H column, λ = 254 nm, eluent: 100:1 hexane/ethanol, flow rate: 0.9 mL/min): 
tR = 20.54 min (major), 26.15 min (minor).
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tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-1,5-
dimethyl-2-oxoindolin-3-yl)carbamate (3ab)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +54.4 (c 1.83, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.36-7.34 (m, 2H), 7.24-7.19 
(m, 3H), 6.97 (d, J = 7.6 Hz, 1H), 6.87 (s, 1H), 6.71 (br, 1H), 6.54 (d, 
J = 8.0 Hz, 1H), 5.90 (s, 1H), 5.59 (s, 1H), 3.13 (s, 3H), 2.49 (s, 3H), 
2.24 (s, 3H), 2.17 (s, 3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3): 
δ 174.0, 169.3, 153.7, 152.3, 144.7, 141.5, 131.9, 131.2, 129.4, 129.0, 

128.1, 127.8, 124.1, 111.8, 107.2, 80.0, 63.4, 53.7, 29.6, 27.9, 26.3, 21.0, 14.6, 13.7; IR 
(KBr, cm-1): v 3419, 2982, 1723, 1620, 1497, 1363, 1255, 1176, 972, 731; HRMS (ESI) 
calcd for C28H33N4O4

+ ([M+H]+): 489.2496, found: 489.2499; HPLC analysis (Daicel 
Chiralcel OD-H column, λ = 254 nm, eluent: 150:1 hexane/ethanol, flow rate: 0.9 mL/min): 
tR = 25.35 min (major), 34.98 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-5-
methoxy-1-methyl-2-oxoindolin-3-yl)carbamate (3ac)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +67.8 (c 1.90, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.37-7.35 (m, 2H), 7.24-
7.23 (m, 3H), 6.74-6.67 (m, 3H), 6.57 (d, J = 8.4 Hz, 1H), 5.90 (s, 
1H), 5.59 (s, 1H), 3.70 (s, 3H), 3.14 (s, 3H), 2.48 (s, 3H), 2.16 (s, 
3H), 1.18 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 173.8, 169.2, 
155.4, 153.6, 152.3, 144.7, 137.5, 131.8, 130.6, 130.5, 128.2, 127.9, 

113.5, 111.8, 110.7, 107.9, 80.1, 63.6, 55.7, 53.8, 29.6, 27.9, 26.4, 14.5, 13.7; IR (KBr, 
cm-1): v 3470, 2962, 1717, 1496, 1363, 1290, 1168, 1035, 962, 746; HRMS (ESI) calcd for 
C28H33N4O5

+ ([M+H]+): 505.2445, found: 505.2444; HPLC analysis (Daicel Chiralpak AD-
H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 20.79 
min (major), 91.43 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-5-fluoro-
1-methyl-2-oxoindolin-3-yl)carbamate (3ad)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +83.3 (c 1.85, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.35-7.33 (m, 2H), 7.25-7.24 (m, 3H), 
6.91-6.82 (m, 3H), 6.58 (dd, J = 8.4, 4.0 Hz, 1H), 5.91 (s, 1H), 5.58 (s, 
1H), 3.16 (s, 3H), 2.49 (s, 3H), 2.18 (s, 3H), 1.20 (s, 9H); 13C NMR (100 
MHz, CDCl3): δ 173.9, 169.0, 153.8 (d, J = 238.9 Hz), 153.5, 152.6, 
144.8, 140.0, 131.6, 131.1, 130.4, 128.4, 128.1, 114.9 (d, J = 23.3 Hz), 

112.0, 111.5 (d, J = 25.0 Hz), 108.1 (d, J = 7.1 Hz), 80.3, 63.4, 53.7, 29.6, 27.9, 26.5, 14.6, 
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13.7; IR (KBr, cm-1): v 3428, 2977, 1723, 1501, 1373, 1275, 1162, 962, 814, 735; HRMS 
(ESI) calcd for C27H30FN4O4

+ ([M+H]+): 493.2246, found: 493.2247; HPLC analysis 
(Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 150:1 hexane/ethanol, flow rate: 0.9 
mL/min): tR = 27.44 min (major), 35.03 min (minor).

tert-butyl ((R)-5-chloro-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3ae)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +78.0 (c 1.91, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.35-7.33 (m, 2H), 7.26-7.24 (m, 3H), 
7.16 (dd, J = 8.4, 2.0 Hz, 1H), 7.02 (d, J = 1.6 Hz, 1H), 6.74 (br, 1H), 
6.58 (d, J = 8.4 Hz, 1H), 5.91 (s, 1H), 5.58 (s, 1H), 3.15 (s, 3H), 2.48 
(s, 3H), 2.17 (s, 3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 
173.7, 168.9, 153.4, 152.6, 144.8, 142.6, 131.5, 131.1, 130.5, 128.7, 

18.4, 128.1, 127.2, 123.8, 112.0, 108.5, 80.3, 63.2, 53.7, 29.6, 27.9, 26.4, 14.5, 13.7; IR 
(KBr, cm-1): v 3418, 2972, 1723, 1609, 1492, 1368, 1250, 1157, 962, 735; HRMS (ESI) 
calcd for C27H29

35ClN4NaO4
+ ([M+Na]+): 531.1770, found: 531.1775; HPLC analysis 

(Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 100:1 hexane/ethanol, flow rate: 0.9 
mL/min): tR = 17.96 min (major), 22.90 min (minor).

tert-butyl ((R)-5-bromo-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3af)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +57.1 (c 2.11, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.35-7.33 (m, 2H), 7.30 (dd, J = 8.4, 
2.0 Hz, 1H), 7.26-7.25 (m, 3H), 7.14 (d, J = 1.6 Hz, 1H), 6.72 (br, 1H), 
6.54 (d, J = 8.4 Hz, 1H), 5.91 (s, 1H), 5.58 (s, 1H), 3.15 (s, 3H), 2.48 
(s, 3H), 2.17 (s, 3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 
173.6, 168.9, 153.4, 152.6, 144.8, 143.1, 131.6, 131.5, 131.4, 130.5, 

128.4, 128.1, 126.5, 114.4, 112.0, 109.1, 80.4, 63.1, 53.7, 29.6, 28.0, 26.4, 14.5, 13.7; IR 
(KBr, cm-1): v 3428, 2977, 1728, 1610, 1492, 1363, 1250, 1162, 962, 741; HRMS (ESI) 
calcd for C27H30

79BrN4NaO4
+ ([M+Na]+): 575.1264, found: 575.1265; HPLC analysis 

(Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 100:1 hexane/ethanol, flow rate: 0.9 
mL/min): tR = 19.06 min (major), 24.80 min (minor).
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tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-6-
methoxy-1-methyl-2-oxoindolin-3-yl)carbamate (3ag)

White solid, 98% yield, 98:2 dr, 97% ee; [α]D
20 +74.2 (c 1.88, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.36-7.34 (m, 2H), 7.25-
7.23 (m, 3H), 6.93 (d, J = 8.0 Hz, 1H), 6.62 (br, 1H), 6.41 (dd, J = 
8.4, 2.4 Hz, 1H), 6.27 (d, J = 2.4 Hz, 1H), 5.89 (s, 1H), 5.58 (s, 1H), 
3.76 (s, 3H), 2.15 (s, 3H), 2.48 (s, 3H), 2.16 (s, 3H), 1.18 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 174.6, 169.4, 160.6, 153.7, 152.3, 145.3, 

144.6, 132.0, 130.5, 128.2, 127.9, 124.1, 121.4, 111.8, 105.6, 95.6, 79.9, 63.0, 55.3, 53.9, 
29.6, 27.9, 26.3, 14.6, 13.7; IR (KBr, cm-1): v 3419, 2977, 1723, 1625, 1471, 1379, 1250, 
1162, 1090, 736; HRMS (ESI) calcd for C28H32N4NaO5

+ ([M+Na]+): 527.2265, found: 
527.2268; HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 
hexane/2-propanol, flow rate: 0.9 mL/min): tR = 15.21 min (major), 48.44 min (minor).

tert-butyl ((R)-6-bromo-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3ah)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +59.5 (c 2.10, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.35-7.32 (m, 2H), 7.27-7.25 (m, 3H), 
7.05 (dd, J = 8.0, 1.6 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 1.6 
Hz, 1H), 6.63 (br, 1H), 5.90 (s, 1H), 5.58 (s, 1H), 3.16 (s, 3H), 2.47 (s, 
3H), 2.16 (s, 3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 174.0, 
169.1, 153.5, 152.5, 145.4, 144.7, 131.6, 130.5, 128.5, 128.2, 124.6, 

122.5, 112.0, 111.2, 80.3, 62.9, 53.7, 29.6, 28.0, 26.5, 14.6, 13.7; IR (KBr, cm-1): v 3434, 
2971, 1723, 1609, 1496, 1363, 1250, 1168, 1023, 731; HRMS (ESI) calcd for 
C27H30

79BrN4NaO4
+ ([M+Na]+): 575.1264, found: 575.1266; HPLC analysis (Daicel 

Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 
mL/min): tR = 9.14 min (major), 20.60 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-1,7-
dimethyl-2-oxoindolin-3-yl)carbamate (3ai)

White solid, 98% yield, 99:1 dr, 97% ee; [α]D
20 +105.3 (c 1.82, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.33-7.31 (m, 2H), 7.21-7.20 (m, 3H), 6.94 
(d, J = 7.2 Hz, 1H), 6.88 (d, J = 7.2 Hz, 1H), 6.79 (t, J = 7.2 Hz, 1H), 5.91 
(s, 1H), 5.53 (s, 1H), 3.43 (s, 3H), 2.50 (s, 3H), 2.42 (s, 3H), 2.19 (s, 3H), 
1.18 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 174.6, 169.3, 153.7, 152.4, 
144.9, 141.5, 132.5, 132.0, 130.6, 130.3, 128.1, 127.7, 121.8, 121.0, 119.0, 

111.9, 79.9, 63.1, 53.9, 29.7, 29.6, 27.9, 18.9, 14.6, 13.7; IR (KBr, cm-1): v 3424, 2936, 
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1723, 1605, 1461, 1363, 1250, 1162, 962, 742; HRMS (ESI) calcd for C28H32N4NaO4
+ 

([M+Na]+): 511.2316, found: 511.2317; HPLC analysis (Daicel Chiralcel OD-H column, λ 
= 254 nm, eluent: 150:1 hexane/ethanol, flow rate: 0.9 mL/min): tR = 37.43 min (major), 
52.86 min (minor).

tert-butyl ((R)-7-bromo-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3aj)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +74.4 (c 2.09, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 7.33-7.30 (m, 2H), 7.27-7.22 (m, 4H), 6.99 
(dd, J = 7.2, 1.2 Hz, 1H), 6.89 (br, 1H), 6.75 (t, J = 8.0 Hz, 1H), 5.92 (s, 
1H), 5.53 (s, 1H), 3.55 (s, 3H), 2.50 (s, 3H), 2.19 (s, 3H), 1.19 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 174.5, 168.9, 153.5, 152.6, 144.9, 141.2, 
134.4, 132.9, 131.5, 130.5, 128.4, 127.9, 123.0, 122.1, 112.0, 102.1, 80.4, 

63.1, 29.9, 29.6, 27.9, 14.6, 13.7; IR (KBr, cm-1): v 3429, 2977, 1728, 1599, 1461, 1368, 
1245, 1162, 968, 736; HRMS (ESI) calcd for C27H30

79BrN4NaO4
+ ([M+Na]+): 575.1264, 

found: 575.1270; HPLC analysis (Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 100:1 
hexane/ethanol, flow rate: 0.9 mL/min): tR = 13.25 min (major), 18.47 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-1-
methyl-2-oxo-7-(trifluoromethyl)indolin-3-yl)carbamate (3ak)

White solid, 99% yield, 99:1 dr, 95% ee; [α]D
20 +102.7 (c 2.04, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.43 (d, J = 8.0 Hz, 1H), 7.30-7.26 (m, 3H), 
7.21-7.16 (m, 3H), 6.99 (t, J = 8.0 Hz, 1H), 5.95 (s, 1H), 5.57 (s, 1H), 3.36 
(d, J = 2.4 Hz, 3H), 2.51 (s, 3H), 2.22 (s, 3H), 1.15 (s, 9H); 13C NMR (100 
MHz, CDCl3): δ 174.9, 168.5, 153.4, 152.8, 145.2, 141.7, 132.4, 131.3, 
130.5, 128.4, 127.9, 126.6 (q, J = 5.9 Hz), 126.3, 123.4 (q, J = 270.0 Hz), 
121.2, 112.1, 111.7, 80.5, 62.2, 53.8, 29.6, 28.9, 27.8, 14.6, 13.7; IR (KBr, 

cm-1): v 3434, 2982, 1728, 1599, 1471, 1342, 1178, 1122, 962, 746; HRMS (ESI) calcd for 
C28H29F3N4NaO4

+ ([M+Na]+): 565.2033, found: 565.2040; HPLC analysis (Daicel 
Chiralcel OD-H column, λ = 254 nm, eluent: 100:1 hexane/ethanol, flow rate: 0.9 mL/min): 
tR = 9.49 min (major), 13.35 min (minor).
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tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-2-
oxoindolin-3-yl)carbamate (3al)

White solid, 92% yield, 97:3 dr, 97% ee; [α]D
20 +66.9 (c 1.69, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 8.43 (br, 1H), 7.48-7.46 (m, 2H), 7.28-7.26 
(m, 3H), 7.14 (t, J = 7.2 Hz, 1H), 7.08 (d, J = 7.2 Hz, 1H), 6.90 (t, J = 7.6 
Hz, 1H), 6.84 (br, 1H), 6.74 (d, J = 7.6 Hz, 1H), 5.88 (s, 1H), 5.60 (s, 1H), 
2.52 (s, 3H), 2.11 (s, 3H), 1.21 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 
170.0, 154.0, 152.4, 144.5, 140.9, 131.8, 130.6, 130.2, 128.8, 128.3, 128.2, 

123.4, 122.0, 112.0, 110.0, 80.6, 63.7, 53.4, 29.6, 27.9, 14.7, 13.7; IR (KBr, cm-1): v 3280, 
2977, 1728, 1620, 1471, 1384, 1250, 1168, 1050, 757; HRMS (ESI) calcd for 
C26H28N4NaO4

+ ([M+Na]+): 483.2003, found: 483.2008; HPLC analysis (Daicel Chiralpak 
AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 
20.43 min (major), 58.30 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-(p-tolyl)ethyl)-1-
methyl-2-oxoindolin-3-yl)carbamate (3ba)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +88.5 (c 1.83, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.25 (d, J = 8.4 Hz, 2H), 
7.21 (td, J = 8.0, 1.2 Hz, 1H), 7.07-7.05 (m, 3H), 6.92 (t, J = 7.6 Hz, 
1H), 6.70 (d, J = 7.6 Hz, 1H), 6.66 (br, 1H), 5.88 (s, 1H), 5.55 (s, 
1H), 3.18 (s, 3H), 2.47 (s, 3H), 2.27 (s, 3H), 2.14 (s, 3H), 1.15 (s, 
9H); 13C NMR (100 MHz, CDCl3): δ 174.2, 169.6, 153.7, 152.3, 

144.6, 144.0, 138.0, 130.4, 129.6, 128.8, 128.7, 123.3, 121.9, 111.8, 107.6, 80.0, 63.2, 53.3, 
29.6, 27.9, 26.4, 21.1, 14.6, 13.7; IR (KBr, cm-1): v 3429, 2977, 1717, 1610, 1470, 1378, 
1250, 1162, 1029, 757; HRMS (ESI) calcd for C28H32N4NaO4

+ ([M+Na]+): 511.2316, 
found: 511.2318; HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 
90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 13.84 min (maor), 57.51 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-1-(4-methoxyphenyl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3ca)

White solid, 98% yield, 99:1 dr, 98% ee; [α]D
20 +112.5 (c 1.88, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.28 (d, J = 9.6 Hz, 2H), 
7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.08 (d, J = 6.8 Hz, 1H), 6.93 (t, J = 
7.6 Hz, 1H), 6.76 (d, J = 8.8 Hz, 2H), 6.69-6.68 (m, 2H), 5.89 (s, 
1H), 5.54 (s, 1H), 3.74 (s, 3H), 3.17 (s, 3H), 2.48 (s, 3H), 2.16 (s, 
3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 174.2, 169.6, 

159.4, 153.7, 152.3, 144.7, 143.9, 131.7, 129.6, 128.8, 123.7, 123.2, 121.9, 113.4, 111.8, 
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107.6, 80.0, 63.3, 55.1, 52.9, 29.6, 27.9, 26.3, 14.6, 13.7 ; IR (KBr, cm-1): v 3413, 2971, 
1723, 1610 1378, 1255, 1162, 1029, 957, 757; HRMS (ESI) calcd for C28H32N4NaO5

+ 
([M+Na]+): 527.2265, found: 527.2265; HPLC analysis (Daicel Chiralpak AD-H column, λ 
= 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 16.25 min (major), 
127.73 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-1-(4-fluorophenyl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3da)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +118.2 (c 1.85, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.34-7.30 (m, 2H), 7.18 (td, 
J = 7.6, 1.2 Hz, 1H), 7.14 (d, J = 7.2 Hz, 1H), 6.98 (br, 1H), 6.93 (t, J 
= 7.2 Hz, 1H), 6.91-6.86 (m, 2H), 6.65 (d, J = 8.0 Hz, 1H), 5.94 (s, 
1H), 5.54 (s, 1H), 3.16 (s, 3H), 2.52 (s, 3H), 2.19 (s, 3H), 1.16 (s, 9H); 
13C NMR (100 MHz, CDl3): δ 173.7, 169.3, 162.5 (d, J = 246.0 Hz), 

153.7, 152.7, 145.0, 143.6, 132.2 (d, J = 8.1 Hz), 129.5, 129.0, 127.7 (d, J = 3.2 Hz), 122.9, 
122.1, 114.7 (d, J = 21.3 Hz), 112.1, 107.7, 80.1, 63.5, 52.7, 29.6, 27.9, 26.3, 14.6, 13.7 ; 
IR (KBr, cm-1): v 3404, 2977, 1717, 1609, 1512, 1379, 1250, 1162, 962, 757; HRMS (ESI) 
calcd for C27H29FN4NaO4

+ ([M+Na]+): 515.2065, found: 515.2070; HPLC analysis (Daicel 
Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 
mL/min): tR = 13.21 min (major), 76.61 min (minor).

tert-butyl ((R)-3-((S)-1-(4-chlorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3ea)

White solid, 99% yield, 99:1 dr, 99% ee; [α]D
20 +116.3 (c 1.92, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.29 (d, J = 8.4 Hz, 2H), 
7.21-7.17 (m, 3H), 7.13 (d, J = 7.6 Hz, 1H), 6.95-6.92 (m, 2H), 6.67 
(d, J = 7.6 Hz, 1H), 5.93 (s, 1H), 5.52 (s, 1H), 3.17 (s, 3H), 2.51 (s, 
3H), 2.17 (s, 3H), 1.17 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 173.7, 
169.2, 153.7, 152.7, 144.9, 143.6, 134.2, 131.8, 130.5, 129.5, 129.0, 

128.0, 122.9, 122.1, 112.1, 107.8, 80.2, 63.4, 52.8, 29.6, 27.9, 26.3, 14.6, 13.7; IR (KBr, 
cm-1): v 3413, 2971, 1723, 1614, 1497, 1368, 1250, 1162, 1013, 757; HRMS (ESI) calcd 
for C27H29

35ClN4NaO4
+ ([M+Na]+): 531.1770, found: 531.1773; HPLC analysis (Daicel 

Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 
mL/min): tR = 13.28 min (major), 75.46 min (minor).
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tert-butyl ((R)-3-((S)-1-(4-bromophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3fa)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +106.4 (c 2.10, 

CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.34 (d, J = 8.4 Hz, 2H), 
7.24 (d, J = 8.8 Hz, 2H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 7.13 (d, J = 
7.2 Hz, 1H), 6.95-6.91 (m, 2H), 6.68 (d, J = 7.6 Hz, 1H), 5.93 (s, 1H), 
5.50 (s, 1H), 3.17 (s, 3H), 2.51 (s, 3H), 2.17 (s, 3H), 1.17 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 173.6, 169.1, 153.7, 152.7, 144.9, 143.6, 

132.1, 130.9, 129.4, 129.0, 122.9, 122.5, 122.1, 112.1, 107.8, 80.1, 63.3, 52.9, 29.6, 27.9, 
26.3, 14.6, 13.7; IR (KBr, cm-1): v 3413, 2977, 1717, 1610, 1492, 1384, 1255, 1162, 1019, 
751; HRMS (ESI) calcd for C27H29

79BrN4NaO4
+ ([M+Na]+): 575.1264, found: 575.1266; 

HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-
propanol, flow rate: 0.9 mL/min): tR = 13.10 min (major), 77.89 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-1-(2-methoxyphenyl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3ga) 

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 -41.6 (c 1.90, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.28-7.23 (m, 2H), 7.03 (d, J = 7.2 Hz, 
1H), 6.95 (d, J = 8.0 Hz, 1H), 6.84 (t, J = 7.6 Hz, 2H), 6.78 (d, J = 7.6 
Hz, 1H), 6.58 (d, J = 6.8 Hz, 1H), 6.39 (s, 1H), 5.80 (s, 1H), 3.99 (s, 3H), 
3.23 (s, 3H), 2.38 (s, 3H), 2.08 (s, 3H), 1.26 (s, 3H), 1.01 (s, 9H); 13C 
NMR (100 MHz, CDCl3): δ 175.4, 169.4, 157.0, 153.6, 151.7, 144.9, 

144.1, 130.7, 129.5, 128.6, 124.2, 121.4, 121.2, 120.4, 111.8, 111.4, 107.4, 79.6, 63.8, 56.2, 
46.6, 29.6, 27.8, 26.3, 14.4, 13.7; IR (KBr, cm-1): v 3382, 2982, 1728, 1615, 1492, 1379, 
1245, 1168, 1023, 757; HRMS (ESI) calcd for C28H32N4NaO5

+ ([M+Na]+): 527.2265, 
found: 527.2258; HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 
90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 8.18 min (major), 27.72 min (minor).

tert-butyl ((R)-3-((S)-1-(2-bromophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3ha)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +113.0 (c 2.08, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.56 (d, J = 7.6 Hz, 1H), 7.44 (dd, J = 
8.0, 1.2 Hz, 1H), 7.24 (d, J = 7.2 Hz, 1H), 7.17 (t, J =7.6 Hz, 2H), 7.03 
(td, J = 8.0, 1.6 Hz, 1H), 6.89 (t, J = 7.6 Hz, 1H), 6.69 (d, J = 8.0 Hz, 
1H), 6.20 (s, 1H), 5.92 (s, 1H), 3.21 (s, 3H), 2.52 (s, 3H), 2.17 (s, 3H), 
1.17 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 173.3, 169.5, 153.7, 152.7, 
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144.8, 143.6, 132.6, 131.8, 130.6, 129.4, 128.9, 126.9, 126.6, 123.0, 121.9, 112.0, 107.6, 
79.8, 63.7, 51.4, 29.5, 27.9, 26.3, 14.5, 13.6; IR (KBr, cm-1): v 3413, 2977, 1717, 1610, 
1470, 1377, 1255, 1157, 1028, 751; HRMS (ESI) calcd for C27H29

79BrN4NaO4
+ ([M+Na]+): 

575.1264, found: 575.1266; HPLC analysis (Daicel Chiralcel OD-H column, λ = 254 nm, 
eluent: 100:1 hexane/ethanol, flow rate: 0.9 mL/min): tR = 22.38 min (major), 47.83 min 
(minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-1-(3-methoxyphenyl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3ia)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +68.3 (c 1.90, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.21 (t, J = 7.6 Hz, 1H), 7.16 (t, J = 7.6 
Hz, 1H), 7.05 (d, J = 7.2 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.94 (d = 
7.6 Hz, 1H), 6.91-6.89 (m, 1H), 6.78 (dd, J = 8.0, 2.0 Hz, 1H), 6.70 (d, 
J = 7.6 Hz, 1H), 6.62 (br, 1H), 5.89 (s, 1H), 5.61 (s, 1H), 3.72 (s, 3H), 
3.17 (s, 3H), 2.46 (s, 3H), 2.16 (s, 3H), 1.16 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 174.1, 169.0, 158.9, 153.5, 152.3, 144.5, 144.0, 133.1, 129.3, 128.8, 123.4, 
122.9, 121.7, 116.0, 113.9, 111.8, 107.6, 80.0, 63.1, 55.1, 29.5, 27.8, 26.3, 14.5, 13.7; IR 
(KBr, cm-1): v 3424, 2977, 1723, 1610, 1486, 1379, 1250, 1162, 1050, 757; HRMS (ESI) 
calcd for C28H32N4NaO5

+ ([M+Na]+): 527.2265, found: 527.2268; HPLC analysis (Daicel 
Chiralpak AD-H column, λ = 254 nm, eluent: 95:5 hexane/2-propanol, flow rate: 0.9 
mL/min): tR = 41.70 min (major), 242.01 min (minor).

tert-butyl ((R)-3-((S)-1-(3-bromophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-
oxoethyl)-1-methyl-2-oxoindolin-3-yl)carbamate (3ja)

White solid, 99% yield, 99:1 dr, 97% ee; [α]D
20 +102.3 (c 2.11, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.53 (t, J = 2.0 Hz, 1H), 7.32-7.30 (m, 
1H), 7.24 (d, J = 7.6 Hz, 1H), 7.19-7.13 (m, 2H), 7.09 (br, 1H), 7.03 (t, J 
= 8.0 Hz, 1H), 6.94 (t, J = 7.6 Hz, 1H), 6.63 (d, J = 7.6 Hz, 1H), 5.96 (s, 
1H), 5.52 (s, 1H), 3.18 (s, 3H), 2.53 (s, 3H), 2.21 (s, 3H), 1.16 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 173.5, 168.6, 153.6, 152.8, 145.1, 143.5, 

134.1, 133.2, 131.1, 129.4, 129.2, 129.1, 129.0, 122.9, 122.1, 121.6, 112.1, 107.7, 80.1, 
63.6, 53.0, 29.6, 27.9, 26.3, 14.6, 13.7; IR (KBr, cm-1): v 3413, 2977, 1723, 1610, 1471, 
1373, 1250, 1168, 1080, 757; HRMS (ESI) calcd for C27H29

79BrN4NaO4
+ ([M+Na]+): 

575.1264, found: 575.1269; HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, 
eluent: 95:5 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 23.56 min (major), 118.39 min 
(minor).
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tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-1-(naphthalen-2-yl)-2-oxoethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3ka)

White solid, 99% yield, 99:1 dr, 98% ee; [α]D
20 +121.7 (c 1.97, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.86 (s, 1H), 7.80-7.73 (m, 2H), 7.70 (d, 
J = 8.4 Hz, 1H), 7.47-7.41 (m, 3H), 7.16 (td, J = 7.6, 0.8 Hz, 1H),7.09 
(d, J = 7.2 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.77 (br, 1H), 6.64 (d, J = 
7.6 Hz, 1H), 5.88 (s, 1H), 5.78 (s, 1H), 3.18 (s, 3H), 2.48 (s, 3H), 2.16 
(s, 3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 174.2, 169.3, 153.6, 

152.4, 144.7, 144.0, 132.8, 129.9, 129.5, 128.9, 128.2, 128.1, 127.4, 127.4, 126.3, 126.0, 
123.3, 121.9, 111.9, 107.7, 80.1, 63.4, 53.9, 29.6, 27.9, 26.4, 14.6, 13.7 ; IR (KBr, cm-1): v 
3419, 2977, 1723, 1615, 1471, 1373, 1255, 1168, 957, 757; HRMS (ESI) calcd for 
C31H32N4NaO4

+ ([M+Na]+): 547.2316, found: 547.2314; HPLC analysis (Daicel Chiralpak 
AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 
17.26 min (major), 75.04 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-1-(naphthalen-1-yl)-2-oxoethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3la)

White solid, 98% yield, 99:1 dr, 98% ee; [α]D
20 -79.8 (c 1.96, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 8.42 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.0 
Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.63-7.59 (m, 2H), 7.47 (t, J = 7.6 Hz, 
1H), 7.39 (t, J = 7.6 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 6.93 (d, J = 7.2 
Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.73 (s, 1H), 
6.40 (br, 1H), 5.78 (s, 1H), 3.20 (s, 3H), 2.43 (s, 3H), 1.98 (s, 3H), 1.11 

(s, 9H); 13C NMR (100 MHz, CDCl3): δ 174.5, 169.7, 153.6, 152.0, 144.2, 133.8, 132.5, 
129.2, 128.9, 128.8, 127.9, 126.6, 125.6, 124.5, 123.8, 123.1, 121.6, 111.7, 107.6, 80.0, 
63.8, 47.4, 29.6, 27.8, 26.4, 14.4, 13.6; IR (KBr, cm-1): v 3429, 2925, 1728, 1610, 1471, 
1379, 1250, 1162, 968, 751; HRMS (ESI) calcd for C31H32N4NaO4

+ ([M+Na]+): 547.2316, 
found: 547.2318; HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 
90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 9.34 min (major), 35.61 min (minor).
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tert-butyl ((R)-3-((S)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-2-oxo-1-(thiophen-2-yl)ethyl)-
1-methyl-2-oxoindolin-3-yl)carbamate (3ma)

White solid, 99% yield, 98:2 dr, 94% ee; [α]D
20 +133.6 (c 1.81, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ 7.20-7.17 (m, 3H), 7.12 (br, 1H), 6.96-
6.92 (m, 2H), 6.82 (dd, J = 4.8, 3.6 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 5.97 
(s, 1H), 5.92 (s, 1H), 3.14 (s, 3H), 2.54 (s, 3H), 2.22 (s ,3H), 1.17 (s, 9H); 
13C NMR (100 MHz, CDCl3): δ 173.3, 168.5, 153.6, 152.9, 145.2, 143.7, 
132.7, 129.4, 129.2, 129.0, 126.6, 125.8, 122.8, 112.2, 107.6, 80.0, 63.7, 

49.0, 29.6, 27.9, 26.3, 14.6, 13.7; IR (KBr, cm-1): v 3413, 2977, 1723, 1615, 1471, 1379, 
1255, 1162, 1091, 751; HRMS (ESI) calcd for C25H29N4O4S+ ([M+H]+): 481.1904, found: 
481.1905; HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 
hexane/2-propanol, flow rate: 0.9 mL/min): tR = 11.96 min (major), 57.97 min (minor).

tert-butyl ((R)-3-((S)-2-(3,5-diphenyl-1H-pyrazol-1-yl)-2-oxo-1-phenylethyl)-1-
methyl-2-oxoindolin-3-yl)carbamate (3na)

White solid, 98% yield, 99:1 dr, 98% ee; [α]D
20 +48.0 (c 2.35, CH2Cl2); 1H 

NMR (400 MHz, CDCl3): δ 7.75 (dd, J = 8.0, 1.2 Hz, 2H), 7.43-7.35 (m, 
10H), 7.33-7.28 (m, 3H), 7.20 (t, J = 7.6 Hz, 1H), 7.03 (d, J = 7.2 Hz, 1H), 
6.93 (t, J = 7.6 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.60 (s, 1H), 6.48 (br, 
1H), 5.70 (s, 1H), 3.20 (s, 3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3): 
δ 174.1, 168.8, 153.7, 147.5, 144.0, 131.7, 131.2, 130.6, 130.5, 129.3, 

129.0, 128.8, 128.7, 128.6, 128.4, 128.2, 127.9, 126.3, 123.6, 121.9, 110.5, 107.9, 80.2, 
63.1, 54.7, 27.9, 26.5; IR (KBr, cm-1): v 3429, 2977, 1717, 1615, 1471, 1368, 1250, 1168, 
941, 736; HRMS (ESI) calcd for C37H34N4NaO4

+ ([M+Na]+): 621.2472, found: 621.2475; 
HPLC analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: 90:10 hexane/2-
propanol, flow rate: 0.9 mL/min): tR = 13.77 min (major), 57.84 min (minor).

5. Esterification of Compound 3aa
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magnetic stirring bar and the solution was heated to reflux for 24 hours. After cooling to 
room temperature, the solvent was removed under reduced pressure and the residue was 
purified by silica-gel column chromatography (20:1 CH2Cl2/EtOAc) to afford compound 
4.3

White solid, 92% yield, 99:1 dr, 98% ee; [α]D
20 +57.7 (c 1.02, CH2Cl2); 1H NMR (400 MHz, 

CDCl3): δ 7.29-7.22 (m, 6H), 7.10 (d, J = 7.2 Hz, 1H), 6.98 (td, J = 7.6, 0.8 Hz, 1H), 6.68 
(d, J = 8.0 Hz, 1H), 5.91 (br, 1H), 4.11 (s, 1H), 3.63 (s, 3H), 3.15 (s, 3H) 1.20 (s, 9H); HPLC 
analysis (Daicel Chiralpak AD-H column, λ = 254 nm, eluent: hexane/2-propanol = 80:20, 
flow rate: 0.9 mL/min): tR = 28.99 min (major), 33.11 min (minor).

6. De-tert-butyloxy Carbonyl of Compound 4

N
O

Me

NHBoc
CO2MePh

1:1 CF3COOH/CH2Cl2
rt, 30 min N

O

Me

NH2
CO2MePh

4 5

Compound 4 (0.1 mmol) and 1 mL dichloromethane was added to a round flask, and then 1 
mL trifluoroacetic acid was added. The mixture was stirred at room temperature for 30 
minutes. After the reaction was completed (monitored by TLC), the resulting mixture was 
quenched with saturated NaHCO3 and extracted with dichloromethane (5 mL × 2), the 
organic layers were combined and dried over anhydrous Na2SO4. After removal of the 
solvent under reduced pressure, the residue was purified by silica-gel column 
chromatography (5:1 CH2Cl2/EtOAc) to give the de-tert-butyloxy carbonylated compound 
5.
Colorless oil, 92% yield; [α]D

20 -34.3 (c 1.07, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.33-
7.30 (m, 3H), 7.27 (td, J = 8.0, 1.2 Hz, 1H), 7.24-7.20 (m, 2H), 6.93 (t, J = 7.6 Hz, 1H), 
6.79 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 7.2 Hz, 1H), 4.19 (s, 1H), 3.58 (s, 3H), 3.17 (s, 3H), 
2.00 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 178.4, 171.2, 143.8, 133.2, 130.3, 129.7, 129.1, 
127.9, 127.9, 124.7, 122.1, 108.1, 61.7, 58.1, 52.0, 26.2; IR (KBr, cm-1): v 3373, 3059, 1717, 
1615, 1497, 1373, 1162, 1019, 757, 700; HRMS (ESI) calcd for C18H19N2O3

+ ([M+H]+): 
311.1390, found: 311.1392.

7. Determination of Absolute Configuration of the Product 3aa

In order to determine the absolute configuration of the Mannich reaction products 3, we 
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synthesized the β-amino ester A according to the literature (Scheme S1).3 Comparison of 
their CD spectra (Fig. S1) and HPLC chromatograms showed that the absolute configuration 
of product 4 is consistence with compound A. In the transformation from product 3aa to 
compound 4, there is no variation in chirality, so the absolute configuration of product 3aa 
is assigned as 3R,1’S according to the literature,3 and the absolute configuration of other 
Mannich adducts were tentatively assigned by referring to that of compound 3aa.
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N
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Me

NBoc 1) Catalyst (10 mol%)
CH3CN, 4Å MS, 25 oC, 13 h

1) MeOH, 5 h N
O

Me

NHBoc
CO2MePh

H
N

MeO

N

N H
N

S
Ph

NHNs

Ph

Catalyst

+

A

Scheme S1. Synthesis of compound A using literature’s method

Fig. S1. CD spectra of product 4 and compound A

8. References

1. (a) Song, H.-L.; Yuan, K.; Wu, X.-Y. Chem. Commun. 2011, 47, 1012-1014; (b) Rexiti, 
R.; Lu, J.; Wang, G.; Sha, F.; Wu, X.-Y. Tetrahedron: Asymmetry 2016, 27, 923-929; 
(c) Kang, T.-C.; Wu, L.-P.; Sha, F.; Wu, X.-Y. Tetrahedron 2018, 74, 1017-1023; (d) 
Rexiti, R.; Zhang, Z.-G.; Lu, J.; Sha, F.; Wu, X.-Y. J. Org. Chem. 2019, 84, 1330-1338.

2. Yan, W.; Wang, D.; Feng, J.; Li, P.; Zhao, D.; Wang, R. Org. Lett. 2012, 14, 2512-2515.
3. Li, T.-Z.; Wang, X.-B.; Sha, F.; Wu, X.-Y. J. Org. Chem. 2014, 79, 4332-4339.
4. Zhang, H.-J.; Shi, C.-Y.; Zhong, F.; Yin, L. J. Am. Chem. Soc. 2017, 139, 2196-2199.

N
O

Me

NHBoc
CO2MePh

4

N
O

Me

NHBoc
CO2MePh

A



S18

9. Copies of NMR Spectra for the New Chiral Ligands L7, L10 and L11
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10. Copies of NMR Spectra for the N-Acylpyrazoles 1h-1j and 1p
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11. Copies of NMR Spectra for Products 3-5
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12. Copies of HPLC Chromatograms for Products 3 and 4
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