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1. General Information 

Melting points were taken on WRS-1B digital melting-point apparatus without 
correction. 1H NMR and 13C NMR spectra were recorded on Bruker 400 spectrometer 
with CDCl3 or DMSO-d6 as solvent. The chemical shifts were referenced to 
tetramethylsilane (0.00 ppm) for 1H NMR spectra, and the residual solvent peak for 13C 
NMR (77.00 ppm for CDCl3 or 39.60 ppm for d6-DMSO). The following abbreviations 
were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m 
= multiplet, br = broad. IR spectra were recorded on Nicolet Magna-I 550 spectrometer. 
High resolution mass spectra (HRMS) were recorded on Micromass GCT and KE 465 
LCT Premier/XE with Electron Spray Ionization (ESI-TOF) resource or Electron Impact 
(EI) resource. Optical rotations were measured on a WZZ-2A digital polarimeter at 
wavelength of the sodium D-line (589 nm). HPLC analysis was performed on Waters 510 
equipment using Daicel Chiralcel OD-H column or Daicel Chiralpak AS-H column. 
Toluene, THF, and ether were freshly distilled from sodium-benzophenone. Ethyl acetate 
and CH2Cl2 were freshly distilled from CaH2. CH3CN was freshly distilled from P2O5. 
MeOH was freshly distilled from Magnesium-iodine under N2 atmosphere. Thin-layer 
chromatography (TLC) was performed on 10-40 μm silica gel plate. Column 
chromatography was performed using silica gel (300-400 mesh) eluted with ethyl acetate 
and CH2Cl2. 

Chiral catalysts C1-C91, allyl amides 12 and ketimines 23 were prepared according 
to literature procedures. 

2. General Procedure for the Enantioselective Vinylogous Aldol 
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To a solution of β,γ-unsaturated amide 1 ( 0.3 mmol, 1.5 equiv.) and Takemoto 
catalyst (0.02 mmol, 10 mol%) in 2 mL CH3CN was added isatin 2 (0.2 mmol, 1.0 equiv.) 
at -30 oC, and the resulting mixture was stirred at this temperature until the reaction was 
completed (monitored by TLC). The solvent was removed under reduced pressure, and 
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the residue was purified by column chromatography (dichloromethane/ethyl acetate) to 
afford the desired product 3. 

(S,E)-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3aa) 

White solid, 51.8 mg, 87% yield, 99% ee; mp: 169.3-170.1 oC; 
[α]D

20 = -15.8 (c 0.33, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.27 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 7.40 (dd, J1 = 
7.2 Hz, J2 = 0.8 Hz, 1H), 7.35-7.29 (m, 2H), 7.28-7.20 (m, 1H), 
7.10 (dt, J1 = 7.6 Hz, J2 = 0.8 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 

6.44 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 4.11 (brs, 1H), 3.19 (s, 3H), 3.09-3.04 (m, 1H), 
2.84 (dd, J1 = 14.0 Hz, J2 = 7.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.4, 
162.5, 144.9, 143.9, 142.9, 130.0, 129.2, 128.6, 124.3, 123.6, 123.4, 109.8, 108.7, 75.6, 
41.5, 26.3; IR (KBr, cm-1): v 3005, 2360, 1712, 1614, 1385, 1353, 1275, 1261, 764, 750; 
HRMS (ESI) calcd for C16H15N3NaO3

+ ([M+Na]+): 320.1006, found: 320.1001; HPLC 
analysis (Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, 
flow rate: 0.9 mL/min): tR = 52.79 min (major), 74.00 min (minor). 

(S,E)-1-benzyl-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3ab) 

White solid, 66.6 mg, 89% yield, 92% ee; mp 172.1-174.2 oC; 
[α]D

20 +11.7 (c 0.60, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.27 (d, J = 2.8 Hz, 1H), 7.67 (d, J = 0.8 Hz, 1H), 7.41 (dd, J1 = 
7.6 Hz, J2 = 0.8 Hz, 1H), 7.34 (d, J = 15.6 Hz, 1H), 7.23-7.14 
(m, 7H), 7.05 (dt, J1 = 7.6 Hz, J2 = 0.4 Hz, 1H), 6.70 (d, J = 8.0 

Hz, 1H), 6.43 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 5.02 (d, J = 15.6 Hz, 1H), 4.69 (d, J = 
15.6 Hz, 1H), 4.00 (brs, 1H), 3.13 (ddd, J1 = 14.0 Hz, J2 = 6.8 Hz, J3 = 1.6 Hz, 1H), 2.96 
(dd, J1 = 14.0 Hz, J2 = 8.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.3, 162.4, 
144.6, 143.9, 142.1, 135.1, 129.9, 129.0, 128.8, 128.6, 127.6, 127.1, 124.3, 123.8, 123.4, 
109.9, 109.8, 75.7, 43.9, 41.7; IR (KBr, cm-1): v 3377, 1717, 1639, 1615, 1463, 1401, 
1343, 1276, 971, 945; HRMS (ESI) calcd for C22H19N3NaO3

+ ([M+Na]+): 396.1319, 
found: 396.1316; HPLC analysis (Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 
90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 23.21 min (major), 37.11 min 
(minor). 
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(S,E)-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one (3ac) 
White solid, 48.2 mg, 85% yield, 95% ee; mp 150.7-151.0 oC; 
[α]D

20 +13.2 (c 0.49, CH2Cl2); 1H NMR (400 MHz, DMSO-d6): 
δ 10.37 (s, 1H), 8.43 (d, J = 2.8 Hz, 1H), 7.89 (d, J = 0.8 Hz, 
1H), 7.28 (d, J = 7.2 Hz, 1H), 7.23-7.21 (m, 1H), 7.20-7.19 (m, 
1H), 7.15-7.08 (m, 1H), 6.99-6.95 (m, 1H), 6.82 (d, J = 7.6 Hz, 

1H), 6.62 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.29 (s, 1H), 2.92-2.87 (m, 1H), 2.80 (dd, J1 
= 14.0 Hz, J2 = 7.6 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 178.4, 162.2, 146.7, 
144.6, 141.5, 131.3, 129.4 129.2, 124.3 122.2, 121.9, 110.7, 109.9, 75.0, 40.8; IR (KBr, 
cm-1): v 3006, 1715, 1614, 1470, 1382, 1275, 1261, 1196, 1077, 764; HRMS (ESI) calcd 
for C15H14N3O3

+ ([M+H]+): 284.1030, found: 284.1027; HPLC analysis (Daicel Chiralcel 
OD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR 
= 17.03 min (major), 26.27 min (minor). 

(S,E)-3-hydroxy-1,4-dimethyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-
one (3ad) 

White solid, 54.9 mg, 88% yield, 99% ee; mp 184.3-184.5 oC; 
[α]D

20 +30.9 (c 0.44, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.22 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 7.29-7.25 (m, 
1H), 7.20 (t, J = 8.0 Hz, 1H), 6.91-6.83 (m, 2H), 6.65 (d, J = 7.6 
Hz, 1H), 6.42 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 3.80 (s, 1H), 

3.17-3.14 (m, 5H), 2.50 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.2, 162.4, 144.5, 
143.9, 143.1, 136.0, 129.7, 128.6, 126.1, 125.8, 122.9, 109.8, 106.2, 76.9, 40.5, 26.3, 17.6; 
IR (KBr, cm-1): v 3390, 2924, 1712, 1643, 1607, 1385, 1275, 1200, 1077, 765; HRMS 
(ESI) calcd for C17H17N3NaO3

+ ([M+Na]+): 334.1162, found: 334.1166; HPLC analysis 
(Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow rate: 0.7 
mL/min): tR = 25.17 min (major), 40.43 min (minor). 

(S,E)-4-chloro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-1 (3ae) 
White solid, 59.9 mg, 90% yield, 91% ee; mp 164.2-164.9 oC; 
[α]D

20 +11.7 (c 0.46, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.21 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 7.31-7.23 (m, 
2H), 7.04 (dd, J1 = 8.0 Hz, J2 = 0.4 Hz, 1H), 6.88-6.80 (m, 1H), 
6.73 (d, J = 7.6 Hz, 1H), 6.42 (dd, J1 = 2.8 Hz, J2 = 1.2 Hz, 1H), 

3.97 (s, 1H), 3.42 (ddd, J1 = 13.6 Hz, J2 = 7.6 Hz, J3 = 1.2 Hz, 1H), 3.22 (ddd, J1 = 13.6 
Hz, J2 = 7.6 Hz, J3 = 1.2 Hz, 1H), 3.17 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 
176.0, 162.4, 144.9, 14,3.9 143.8, 131.5, 131.2, 128.5, 125.2, 124.4, 123.3, 109.9, 107.2, 
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76.7, 39.1, 26.5; IR (KBr, cm-1): v 3006, 1713, 1643, 1609, 1385, 1276, 1200, 1131, 764, 
750; HRMS (ESI) calcd for C16H14

35ClN3NaO3
+ ([M+Na]+): 354.0616, found: 354.0608; 

HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, 
flow rate: 0.7 mL/min): tR = 24.99 min (major), 39.72 min (minor). 

(S,E)-3-hydroxy-1,5-dimethyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-
one (3af) 

White solid, 55.0 mg, 88% yield, 97% ee; mp 153.6-154.2 
oC; [α]D

20 +45.7 (c 0.46, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.28 (d, J = 2.8 Hz, 1H), 7.70 (d, J = 0.8 Hz, 1H), 
7.32 (d, J = 15.6 Hz, 1H), 7.25-7.17 (m, 2H), 7.12 (dd, J1 = 
8.0 Hz, J2 = 0.8 Hz, 1H), 6.73 (d, J = 8.0 Hz, 1H), 6.44 (dd, 

J1 = 2.8 Hz, J2 = 1.2 Hz, 1H), 3.62 (brs, 1H), 3.20-3.15 (m, 3H), 3.05 (ddd, J1 = 14.0 Hz, 
J2 = 6.4 Hz, J3 = 1.2 Hz, 1H), 2.90-2.84 (m, 1H), 2.33 (s, 3H); 13C{1H} NMR (100 MHz, 
CDCl3): δ 177.2, 162.5, 144.9, 143.9, 140.6, 133.0, 130.2, 129.1, 128.6, 125.0, 123.5, 
109.8, 108.4, 75.7, 41.6, 26.3, 21.1; IR (KBr, cm-1): v 3382, 3005, 1712, 1642, 1499, 1385, 
1275, 1198, 1096, 764; HRMS (ESI) calcd for C17H17N3NaO3

+ ([M+Na]+): 334.1162, 
found: 334.1160; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 
90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 34.88 min (major), 61.11 min (minor). 

(S,E)-5-fluoro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)-
indolin-2-one (3ag) 

White solid, 61.3 mg, 97% yield, 88% ee; mp 168.5-168.9 
oC; [α]D

20 -10.6 (c 0.51, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.27 (d, J = 2.8 Hz, 1H), 7.68 (d, J = 0.8 Hz, 1H), 
7.32-7.28 (m, 1H), 7.25-7.17 (m, 2H), 7.08-7.00 (m, 2H), 
6.44 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 4.54 (brs, 1H), 3.39 

(dd, J1 = 10.8 Hz, J2 = 2.4 Hz, 3H), 3.08-3.03 (m, 1H), 2.86 (dd, J1 = 14.0 Hz, J2 = 8.0 
Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.1, 162.4, 147.8 (d, J = 243.3 Hz), 144.4, 
144.0, 132.1 (d, J = 2.5 Hz),129.3 (d, J = 8.4 Hz), 128.7, 124.1, 123.7, 120.1, 117.9 (d, J 
= 19.1 Hz), 109.9, 75.6, 41.5, 28.8; IR (KBr, cm-1): v 3390, 3005, 1713, 1643, 1417, 1385, 
1354, 1275, 1261, 765; HRMS (ESI) calcd for C16H14FN3NaO3

+ ([M+Na]+): 338.0911, 
found: 338.0921; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 
90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 24.75 min (major), 51.62 min (minor). 
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(S,E)-5-chloro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3ah) 

White solid, 62.0 mg, 93% yield, 85% ee; mp: 112.5-113.4 
oC; [α]D

20 = +67.4 (c 0.57, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.27 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.4 Hz, 1H), 
7.39 (d, J = 2.0 Hz, 1H), 7.34-7.29 (m, 2H), 7.19-7.12 (m, 
1H), 6.77 (d, J = 8.0 Hz, 1H), 6.44 (dd, J1 = 2.8 Hz, J2 = 1.2 

Hz, 1H), 4.57 (brs, 1H), 3.17 (s, 3H), 3.04 (ddd, J1 = 14.4 Hz, J2 = 7.2 Hz, J3 = 1.2 Hz, 
1H), 2.88 (dd, J1 = 14.4 Hz. 8.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.0, 
162.4, 144.0, 144.0, 141.4, 130.9, 129.9, 128.8, 128.7, 124.8, 123.9, 109.9, 109.7, 75.7, 
41.3, 26.4; IR (KBr, cm-1): v 3390, 1713, 1385, 1354, 1275, 1261, 765, 747; HRMS (ESI) 
calcd for C16H15

35ClN3O3
+ ([M+H]+): 332.0797, found: 332.0794; HPLC analysis (Daicel 

Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow rate: 0.7 mL/min): 
tR = 22.99 min (major), 45.88 min (minor). 

(S,E)-5-bromo-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3ai) 

White solid, 62.6 mg, 83% yield, 85% ee; mp 151.2-152.2 
oC; [α]D

20 +32.8 (c 0.52, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.28 (d, J = 2.8 Hz, 1H), 7.71 (d, J = 0.8 Hz, 1H), 
7.53 (d, J = 1.6 Hz, 1H), 7.46 (dd, J1 = 8.4 Hz, J2 = 2.0 Hz, 
1H), 7.33 (d, J = 15.6 Hz, 1H), 7.19-7.12 (m, 1H), 6.73 (d, J 

= 8.4 Hz, 1H), 6.45 (dd, J1 = 2.8 Hz, J2 = 1.2 Hz, 1H), 3.86 (brs, 1H), 3.17 (s, 3H), 3.03 
(ddd, J1 = 14.0 Hz, J2 = 6.8 Hz, J3 = 1.2 Hz, 1H), 2.89 (ddd, J1 = 14.0 Hz, J2 = 8.0 Hz, J3 
= 0.8 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 176.7, 162.4, 144.0, 143.9, 142.0, 
132.9, 131.1, 128.7, 127.5, 124.1, 116.1, 110.2, 110.0, 75.6, 41.4, 26.4; IR (KBr, cm-1): v 
3390, 1713, 1643, 1609, 1385, 1354, 1201, 1098, 932, 810; HRMS (ESI) calcd for 
C16H15

79BrN3O3
+ ([M+H]+): 376.0291, found: 376.0290; HPLC analysis (Daicel 

Chiralcel OD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 
mL/min): tR = 36.12 min (major), 32.48 min (minor). 
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(S,E)-3-hydroxy-1,6-dimethyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-
one (3aj) 

White solid, 51.3 mg, 82% yield, 98% ee; mp 190.1-190.5 
oC; [α]D

20 -10.2 (c 0.42, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 8.43 (d, J = 2.8 Hz, 1H), 7.90 (d, J = 0.8 Hz, 
1H), 7.21-7.09 (m, 3H), 6.86 (d, J = 8.8 Hz, 2H), 6.63 (dd, 
J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.27 (s,1H), 3.37 (s, 1H), 

3.08 (s, 3H), 2.89 (dd, J1 = 14.4 Hz, J2 = 5.6 Hz, 1H), 2.78 (dd, J1 = 14.8 Hz, J2 = 6.4 Hz, 
1H), 2.32 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 176.8, 162.2, 147.0, 144.6, 
143.1, 139.2, 129.2, 127.8, 123.7, 122.9, 122.1, 110.7, 109.5, 74.6, 40.8, 25.9, 21.5; IR 
(KBr, cm-1): v 3390, 2926, 1712,1642, 1605, 1385, 1354, 1198, 1077; HRMS (ESI) calcd 
for C17H17N3NaO3

+ ([M+Na]+): 334.1162, found: 334.1156; HPLC analysis (Daicel 
Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow rate: 0.7 mL/min): 
tR = 25.35 min (major), 42.36 min (minor). 

(S,E)-3-hydroxy-6-methoxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3ak) 

White solid, 57.3 mg, 88% yield, 97% ee; mp 165.7-167.4 
oC; [α]D

20 -15.6 (c 0.36, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.28 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 
1H), 7.33-7.20 (m, 3H), 6.56 (dd, J1 = 8.0 Hz, J2 = 2.4 Hz, 
1H), 6.44 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.40 (d, J = 

2.0 Hz, 1H), 3.81 (s, 4H), 3.15 (s, 3H), 3.07-3.02 (m, 1H), 2.82 (dd, J1 = 14.0 Hz, J2 = 
7.6 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 177.1, 162.2, 160.8, 147.1, 144.6, 
144.4, 129.1, 124.7, 122.5, 122.0, 110.7, 106.7, 96.4, 74.3, 55.5, 40.8, 26.0; IR (KBr, cm-

1): v 3391, 1713, 1626, 1417, 1384, 1354, 1275, 1261, 1091; HRMS (ESI) calcd for 
C17H17N3NaO4

+ ([M+Na]+): 350.1111, found: 350.1113; HPLC analysis (Daicel Chiralcel 
OD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR 
= 34.51 min (major), 40.09 min (minor). 

(S,E)-6-fluoro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3al) 

White solid, 61.3 mg, 97% yield, 96% ee; mp 182.9-183.7 oC; 
[α]D

20 -12.7 (c 0.47, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.29 (d, J = 2.8 Hz, 1H), 7.71 (d, J = 0.8 Hz, 1H), 7.36-7.30 
(m, 2H), 7.25-7.18 (m, 1H), 6.80- 6.75 (m, 1H), 6.59 (dd, J1 
= 8.8 Hz, J2 = 2.4 Hz, 1H), 6.45 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 
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1H), 3.47 (brs, 1H), 3.18 (s, 3H), 3.04 (ddd, J1 = 14.0 Hz, J2 = 6.4 Hz, J3 = 1.2 Hz, 1H), 
2.86-2.81 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.4, 164.1(d, J = 246.3 Hz), 
162.5, 144.8, 144.3, 144.0, 128.7, 125.7 (d, J = 9.8 Hz), 124.5 (d, J = 3.1 Hz), 123.9, 
110.0, 109.4 (d, J = 22.4 Hz), 97.9, 75.2, 41.5, 26.5; IR (KBr, cm-1): v 3396, 1713, 1614, 
1505, 1384, 1354, 1197, 1133, 1076; HRMS (ESI) calcd for C16H14FN3NaO3

+ ([M+Na]+): 
338.0911, found: 338.0907; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, 
eluent: 90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 19.57 min (major), 30.82 min 
(minor). 

(S,E)-6-chloro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3am) 

White solid, 61.8 mg, 93% yield, 93% ee; mp 138.0-139.5 
oC; [α]D

20 -59.7 (c 0.38, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 8.44 (d, J = 2.8 Hz, 1H), 7.90 (d, J = 0.8 Hz, 
1H), 7.31 (d, J = 8.0 Hz, 1H), 7.22-7.12 (m, 3H), 7.10 (dd, 
J1 = 8.0 Hz, J2 = 1.6 Hz, 1H), 6.63 (dd, J1 = 2.8 Hz, J2 = 1.6 

Hz, 1H), 6.44 (s, 1H), 3.11 (s, 3H), 2.91 (dd, J1 = 14.0 Hz, J2 = 5.6 Hz, 1H), 2.81 (dd, J1 
= 14.0 Hz, J2 = 6.4 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 176.6, 162.1, 146.4, 
144.6, 144.6, 134.0, 129.5, 129.1, 125.3, 122.4, 122.1, 110.7, 109.3, 74.3, 40.4, 26.2; IR 
(KBr, cm-1): v 3372, 3005, 1713, 1643, 1463, 1385, 1275, 1260, 1199, 1115, 764; HRMS 
(ESI) calcd for C16H14

35ClN3NaO3
+ ([M+Na]+): 354.0616, found: 354.0618; HPLC 

analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow 
rate: 0.7 mL/min): tR = 29.34 min (major), 42.58 min (minor). 

(S,E)-6-bromo-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3an) 

White solid, 61.9 mg, 82% yield, 90% ee; mp 178.5-179.4 
oC; [α]D

20 -25.8 (c 0.51, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.27 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 
7.31 (d, J = 15.6 Hz, 1H), 7.26-7.18 (m, 3H), 6.98 (d, J = 
1.2 Hz, 1H), 6.44 (dd, J1 = 2.8 Hz, J2 = 1.2 Hz, 1H), 4.19 

(brs, 1H), 3.15 (s, 3H), 3.04 (ddd, J1 = 14.0 Hz, J2 = 6.8 Hz, J3 = 0.8 Hz, 1H), 2.81 (dd, 
J1 = 14.0 Hz, J2 = 7.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.2, 162.4, 144.3, 
144.2, 144.0, 128.7, 128.1, 126.1, 125.6, 123.8, 123.6, 112.2, 110.0, 75.3, 41.3, 26.4; IR 
(KBr, cm-1): v 3390, 1712, 1607, 1417, 1385, 1354, 1275, 1261, 764, 750; HRMS (ESI) 
calcd for C16H14

79BrN3NaO3
+ ([M+Na]+): 398.0111, found: 398.0110; HPLC analysis 

(Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 
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0.9 mL/min): tR = 31.35 min (major), 34.43 min (minor). 

(S,E)-3-hydroxy-1,7-dimethyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-
one (3ao) 

White solid, 50.3 mg, 81% yield, 96% ee; mp 137.6-137.6 oC; 
[α]D

20 -13.7 (c 0.48, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.26 (d, J = 2.8 Hz, 1H), 7.67 (d, J = 0.4 Hz, 1H), 7.31-7.27 (m, 
1H), 7.25-7.18 (m, 2H), 7.04 (d, J = 7.6 Hz, 1H), 6.96 (t, J = 
7.6 Hz, 1H), 6.42 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 4.16 (brs, 

1H), 3.43 (s, 3H), 3.05-3.00 (m, 1H), 2.86 (dd, J1 = 14.0 Hz, J2 = 8.0 Hz, 1H), 2.52 (s, 
3H); 13C{1H} NMR (100 MHz, CDCl3): δ 178.0, 162.5, 144.9, 143.8, 140.5, 133.6, 129.9, 
128.6, 123.3, 123.2, 122.1, 120.3, 109.8, 74.9, 41.8, 29.7, 18.9; IR (KBr, cm-1): v 3390, 
1712, 1385, 1353, 1274, 1261, 1197, 1077; HRMS (ESI) calcd for C17H17N3NaO3

+ 
([M+Na]+): 334.1162, found: 334.1166; HPLC analysis (Daicel Chiralpak AS-H column, 
λ = 254 nm, eluent: 90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 33.76 min (major), 
54.40 min (minor). 

(S,E)-7-fluoro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3ap) 

White solid, 58.6 mg, 93% yield, 89% ee; mp 154.2-154.3 oC; 
[α]D

20 +17.1 (c 0.42, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.27 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 7.31 (d, J = 
15.6 Hz, 1H), 7.23-7.12 (m, 2H), 7.02 (dt, J1 = 8.8 Hz, J2 = 2.4 
Hz, 1H), 6.77 (dd, J1 = 8.4 Hz, J2 = 4.0 Hz, 1H), 6.44 (dd, J1 = 

2.8 Hz, J2 = 1.6 Hz, 1H), 4.44 (brs, 1H), 3.17 (s, 3H), 3.05 (ddd, J1 = 14.4 Hz, J2 = 6.8 
Hz, J3 = 1.2 Hz, 1H), 2.89-2.84 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.2, 
162.4, 159.5 (d, J = 240.9 Hz), 144.2, 144.0, 138.7 (d, J = 1.9 Hz), 130.9 (d, J = 7.9 Hz), 
128.7, 123.9, 116.1 (d, J = 23.5 Hz), 112.5 (d, J = 24.9 Hz), 109.9, 109.4, 75.8, 41.4, 26.4; 
IR (KBr, cm-1): v 3382, 1712, 1643, 1623, 1495, 1385, 1354, 1275, 1198, 1105; HRMS 
(ESI) calcd for C16H14FN3NaO3

+ ([M+Na]+): 338.0911, found: 338.0903; HPLC analysis 
(Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow rate: 0.7 
mL/min): tR = 26.50 min (major), 42.25 min (minor). 
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(S,E)-7-chloro-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3aq) 

White solid, 56.4 mg, 85% yield, 84% ee; mp 116.3-118.1 oC; 
[α]D

20 +45.3 (c 0.23, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.27 (d, J = 2.8 Hz, 1H), 7.68 (s, 1H), 7.32-7.18 (m, 4H), 7.00 
(t, J = 8.0 Hz, 1H), 6.44 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 4.64 
(brs, 1H), 3.54 (s, 3H), 3.04 (dd, J1 = 14.0 Hz, J2 = 6.0 Hz, 1H), 

2.83 (dd, J1 = 14.0 Hz, J2 = 8.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.8, 
162.4, 144.3, 143.9, 138.7, 132.1, 132.1, 128.7, 124.2, 123.8, 122.8, 116.1, 110.0, 75.1, 
41.5, 29.7; IR (KBr, cm-1): v 3391, 1713, 1611, 1495, 1385, 1354, 1275, 1201, 1070, 932; 
HRMS (ESI) calcd for C16H14

35ClN3NaO3
+ ([M+Na]+): 354.0616, found: 354.0620; 

HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, 
flow rate: 0.7 mL/min): tR = 22.00 min (major), 29.08 min (minor). 

(S,E)-7-bromo-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-
yl)indolin-2-one (3ar) 

White solid, 61.5 mg, 82% yield, 85% ee; mp 130.1-130.5 oC; 
[α]D

20 -12.7 (c 0.33, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.28 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 7.43 (dd, J1 
= 8.4 Hz, J2 = 1.2 Hz, 1H), 7.33 (dd, J1 = 7.2 Hz, J2 = 0.8 Hz, 
1H), 7.28 (d, J = 6.4 Hz, 1H), 7.26-7.18 (m, 1H), 6.94 (t, J = 

7.6 Hz, 1H), 6.44 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 4.22 (brs, 1H), 3.57 (s, 3H), 3.05-
3.00 (m, 1H), 2.83 (dd, J1 = 14.4 Hz, J2 = 8.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): 
δ 177.9, 162.4, 144.2, 144.30, 140.2, 135.5, 132.4, 128.7, 124.6, 123.9, 123.4, 109.9, 
102.9, 75.0, 41.6, 30.0; IR (KBr, cm-1): v 3363, 3005, 1713, 1643, 1458, 1385, 1275, 1261, 
1199, 1099, 764; HRMS (ESI) calcd for C16H14

79BrN3NaO3
+ ([M+Na]+): 398.0111, found: 

398.0105; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 
hexane/EtOH, flow rate: 0.7 mL/min): tR =22.32 min (major), 29.24 min (minor). 

(S,E)-3-hydroxy-1,5,7-trimethyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-
2-one (3as) 

White solid, 53.6 mg, 82% yield, 97% ee; mp 169.7-170.7 
oC; [α]D

20 +34.7 (c 0.50, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 8.27 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 
7.30 (d, J = 15.6 Hz, 1H), 7.21-7.14 (m, 1H), 7.05 (s, 1H), 
6.85 (s, 1H), 6.43 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 3.96 

(brs, 1H), 3.41 (s, 3H), 3.00 (ddd, J1 = 14.4 Hz, J2 = 6.8 Hz, J3 = 1.2 Hz, 1H), 2.91-2.85 
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(m, 1H), 2.48 (s, 3H), 2.26 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.8, 162.5, 
145.2, 143.8, 138.1, 134.1, 132.8, 130.0, 128.6, 123.3, 122.7, 120.0, 109.8, 75.0, 41.8, 
29.6, 20.7, 18.7; IR (KBr, cm-1): v 3312, 2922, 1713, 1690, 1640, 1385, 1275, 1261, 764; 
HRMS (ESI) calcd for C18H20N3O3

+ ([M+H]+): 326.1499, found: 326.1501; HPLC 
analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow 
rate: 0.7 mL/min): tR = 115.27 min (major), 107.91 min (minor). 

(S,E)-5-bromo-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3at) 

White solid, 57.8 mg, 80% yield, 82% ee; mp 157.3-157.9 
oC; [α]D

20 +7.3 (c 0.49, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 10.51 (s, 1H), 8.44 (d, J = 2.8 Hz, 1H), 7.91 
(d, J = 1.2 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.40 (dd, J1 = 
8.4 Hz, J2 = 2.0 Hz, 1H), 7.22 (d, J = 15.6 Hz, 1H), 7.10-

7.02 (m, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.64 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.41 (s, 
1H), 2.92 (ddd, J1 = 14.4 Hz, J2 = 6.8 Hz, J3 = 1.2 Hz, 1H), 2.84 (dd, J1 = 14.4 Hz, J2 = 
7.6 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 177.8, 162.2, 146.4, 144.6, 140.8, 
133.8, 132.1, 129.1, 127.2, 122.4, 113.5, 111.9, 110.7, 75.0, 40.4; IR (KBr, cm-1): v 3282, 
2359, 1714, 1642, 1385, 1355, 1275, 1261, 1197, 764; HRMS (ESI) calcd for 
C15H12

79BrN3NaO3
+ ([M+Na]+): 383.9954, found: 383.9952; HPLC analysis (Daicel 

Chiralcel OD-H column, λ = 254 nm, eluent: 90:10 hexane/2-propanol, flow rate: 0.9 
mL/min): tR = 24.44 min (major), 27.72 min (minor). 

(S,E)-3-hydroxy-6-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3au) 

White solid, 47.5 mg, 80% yield, 96% ee; mp 166.6-167.2 
oC; [α]D

20 +19.4 (c 0.41, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 10.32 (s, 1H), 8.43 (d, J = 2.8 Hz, 1H), 7.90 
(d, J = 0.8 Hz, 1H), 7.22-7.16 (m, 2H), 7.12-7.07 (m, 1H), 
6.63 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.52 (dd, J1 = 8.0 

Hz, J2 = 2.0 Hz, 1H), 6.37 (d, J = 2,0 Hz, 1H), 6.16 (s, 1H), 3.72 (s, 3H), 2.88 (dd, J1 = 
14.4 Hz, J2 = 6.4 Hz, 1H), 2.76 (dd, J1 = 14.0 Hz, J2 = 8.0 Hz, 1H), 13C{1H} NMR (100 
MHz, DMSO-d6): δ 178.8, 162.2, 160.5, 147.2, 144.6, 142.8, 129.2, 125.2, 123.2, 122.1, 
110.7, 106.5, 96.8, 74.7, 55.3, 40.9; IR (KBr, cm-1): v 3381, 2923, 1712, 1642, 1499, 1385, 
1198, 1095, 933; HRMS (ESI) calcd for C16H15N3NaO3

+ ([M+Na]+): 320.1006, found: 
320.1011; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 
hexane/EtOH, flow rate: 0.7 mL/min): tR = 97.87 min (major), 139.61 min (minor). 
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(S,E)-6-fluoro-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3av) 

White solid, 58.9 mg, 98% yield, 84% ee; mp 176.5-176.6 
oC; [α]D

20 +23.6 (c 0.37, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 10.54 (s, 1H), 8.43 (d, J = 2.8 Hz, 1H), 7.9 (s, 
1H), 7.29 (dd, J1 = 8.0 Hz, J2 = 5.6 Hz, 1H), 7.2 (d, J = 15.6 
Hz, 1H), 7.13-7.06 (m, 1H), 6.80-6.75 (m, 1H), 6.66-6.63 (m, 

2H), 6.34 (s, 1H), 2.90 (dd, J1 = 14.4 Hz, J2 = 6.4 Hz, 1H), 2.80 (dd, J1 = 14.0 Hz, J2 = 
8.0 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 178.6, 162.9 (d, J = 241.5 Hz), 
162.2, 146.7, 144.7, 143.3 (d, J = 12.4 Hz), 129.2, 127.3 (d, J = 2.6 Hz), 125.9 (d, J = 
10.0 Hz), 122.3, 110.8, 108.0 (d, J = 22.3 Hz), 98.3, 74.6, 40.6; IR (KBr, cm-1): v 3281, 
1721, 1626, 1386, 1275, 1141, 930, 764; HRMS (ESI) calcd for C15H12FN3NaO3

+ 
([M+Na]+): 324.0755, found: 324.0758; Daicel Chiralpak AS-H column, λ = 254 nm, 
eluent: 90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 105.75 min (major), 74.61 min 
(minor). 

(S,E)-6-chloro-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3aw) 

White solid, 57.4 mg, 90% yield, 90% ee; mp 181.7-182.9 
oC; [α]D

20 +13.3 (c 0.45, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 10.53 (s, 1H), 8.43 (d, J = 2.8 Hz, 1H), 7.90 
(d, J = 0.8 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 
15.6 Hz, 1H), 7.14-7.06 (m, 1H), 7.03 (dd, J1 = 8.0 Hz, J1 

= 2.0 Hz, 1H), 6.84 (d, J = 2.0 Hz, 1H), 6.63 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.38 (s, 
1H), 2.93-2.87 (m, 1H), 2.80 (dd, J1 = 14.4 Hz, J2 = 8.0 Hz, 1H); 13C{1H} NMR (100 
MHz, DMSO-d6): δ 178.3, 162.2, 146.5, 144.6, 143.0, 133.6, 130.2, 129.1, 125.8, 122.4, 
121.6, 110.7, 110.0, 74.6, 40.5; IR (KBr, cm-1): v 3006, 1715, 1385, 1275, 1261, 1197, 
1133, 1076, 764, 750; HRMS (ESI) calcd for C15H12

35ClN3NaO3
+ ([M+Na]+): 340.0459, 

found: 340.0451; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 
90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 23.19 min (major), 35.14 min (minor). 

(S,E)-6-bromo-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3ax) 

White solid, 55.2 mg, 76% yield, 90% ee; mp 186.6-186.8 
oC; [α]D

20 -22.6 (c 0.52, CH2Cl2); 1H NMR (400 MHz, 
DMSO-d6): δ 10.51 (s, 1H), 8.44 (d, J = 2.4 Hz, 1H), 7.90 
(d, J = 0.8 Hz, 1H),7.23-7.16 (m, 3H), 7.13-7.06 (m, 1H), 
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6.97 (d, J = 1.6 Hz, 1H), 6.64 (dd, J1 = 2.8 Hz, J2 = 1.6 Hz, 1H), 6.37 (s, 1H), 2.89 (dd, 
J1 = 14.8 Hz, J2 = 6.8 Hz, 1H), 2.79 (dd, J1 = 14.4 Hz, J2 = 8.0 Hz, 1H); 13C{1H} NMR 
(100 MHz, DMSO-d6): δ 178.1, 162.1, 146.4, 144.6, 143.2, 130.6, 129.1, 126.1, 124.5, 
122.4, 121.9, 112.7, 110.7, 74.7, 40.4; IR (KBr, cm-1): v 3313, 1715, 1612, 1385, 1354, 
1275, 1261, 1198, 1077, 764; HRMS (ESI) calcd for C15H12

79BrN3NaO3
+ ([M+Na]+): 

383.9954, found: 383.9959; HPLC analysis (Daicel Chiralcel OD-H column, λ = 254 nm, 
eluent: 90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 25.55 min (major), 41.26 
min (minor). 

(S,E)-7-bromo-3-hydroxy-3-(4-oxo-4-(1H-pyrazol-1-yl)but-2-en-1-yl)indolin-2-one 
(3ay) 

White solid, 53.4 mg, 74% yield, 79% ee; mp 131.7-131.9 oC; 
[α]D

20 +37.1 (c 0.53, CH2Cl2); 1H NMR (400 MHz, DMSO-d6): 
δ 10.69 (s, 1H), 8.44 (d, J = 2.4 Hz, 1H), 7.90 (d, J = 0.8 Hz, 
1H), 7.42 (dd, J1 = 8.0 Hz, J2 = 0.8 Hz, 1H), 7.28 (d, J = 7.2 Hz, 
1H), 7.22 (d, J = 15.6 Hz, 1H), 7.16-7.09 (m, 1H), 6.95 (t, J = 
8.0 Hz, 1H), 6.64 (dd, J1 = 2.4 Hz, J2 = 1.2 Hz, 1H), 6.44 (s, 

1H), 2.93-2.88 (m, 1H), 2.82 (dd, J1 = 14.4 Hz, J2 = 7.6 Hz, 1H); 13C{1H} NMR (100 
MHz, DMSO-d6): δ 178.2, 162.2, 146.5, 144.6, 140.9, 133.3, 132.2, 129.2, 123.7, 123.4, 
122.4, 110.7, 102.3, 75.7, 40.6; IR (KBr, cm-1): v 3285, 1721, 1626, 1502, 1461, 1386, 
1275, 1200, 1141, 765; HRMS (ESI) calcd for C15H12

79BrN3NaO3
+ ([M+Na]+): 383.9954, 

found: 383.9956; HPLC analysis (Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 
90:10 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 19.26 min (major), 31.11 min 
(minor). 

(S,E)-3-(4-(3,5-dimethyl-1H-pyrazol-1-yl)-4-oxobut-2-en-1-yl)-3-hydroxy-1-
methylindolin-2-one (3ba) 

White solid, 60.3 mg, 93% yield, 81% ee; mp 175.6-177.3 
oC; [α]D

20 +12.1 (c 0.42, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 7.40 (d, J = 7.2 Hz, 1H), 7.34-7.30 (m, 2H), 7.12-
7.04 (m, 2H), 6.83 (dd, J1 = 7.6 Hz, J2 = 4.0 Hz 1H), 5.95 
(s, 1H), 4.17 (brs, 1H), 3.18 (d, J = 7.2 Hz, 3H), 3.04 (ddd, 

J1 = 14.0 Hz, J2 = 6.8Hz, J3 = 1.2 Hz, 1H), 2.81 (dd, J1 = 14.0 Hz, J2 = 8.0 Hz, 1H), 2.52 
(s, 3H), 2.21 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.2, 164.4, 151.9, 144.3, 
143.0, 142.5, 129.9, 129.1, 125.5, 124.3, 123.3, 111.4, 108.6, 75.6, 41.4, 26.3, 14.5, 13.7; 
IR (KBr, cm-1): v 3391, 2924, 1712, 1643, 1614, 1468, 1385, 1354, 1275, 1197, 1078; 
HRMS (ESI) calcd for C18H19N3NaO3

+ ([M+Na]+): 348.1319, found: 348.1322; HPLC 
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N N
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N
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analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow 
rate: 0.7 mL/min): tR = 38.77 min (major), 33.95 min (minor). 

(S,E)-3-(4-(3,5-diphenyl-1H-pyrazol-1-yl)-4-oxobut-2-en-1-yl)-3-hydroxy-1-
methylindolin-2-one (3ca) 

White solid, 79.2 mg, 88% yield, 92% ee; mp 187.3-187.5 
oC; [α]D

20 +7.9 (c 0.60, CH2Cl2); 1H NMR (400 MHz, 
CDCl3): δ 7.90-7.88 (m, 2H), 7.53 (d, J = 15.6 Hz, 1H), 
7.47-7.38 (m, 9H), 7.32 (dt, J1 = 8.0 Hz, J2 = 0.8 Hz, 1H ), 
7.10-6.99 (m, 2H), 6.82 (d, J = 8.0 Hz, 1H), 6.72 (s, 1H), 
3.28 (s, 1H), 3.17 (s, 3H), 3.08 (ddd, J1 = 14.0 Hz, J2 = 6.8 

Hz, J3 = 1.2 Hz, 1H), 2.88 (ddd, J1 = 14.0 Hz, J2 = 8.4 Hz, J3 = 0.4 Hz, 1H); 13C{1H} 
NMR (100 MHz, CDCl3): δ 177.1, 163.5, 153.4, 147.5, 143.3, 143.0, 131.6, 131.2, 130.0, 
129.2, 128.9, 128.7, 127.8, 126.3, 125.5, 124.3, 123.3, 110.1, 108.7, 75.6, 41.5, 26.3; IR 
(KBr, cm-1): v 3331, 2351, 1701, 1621, 1381, 1351, 1091, 1071, 930, 779; HRMS (ESI) 
calcd for C28H23N3NaO3

+ ([M+Na]+): 472.1632, found: 472.1637; HPLC analysis (Daicel 
Chiralpak AS-H column, λ = 254 nm, eluent: 90:10 hexane/EtOH, flow rate: 0.7 mL/min): 
tR = 59.25 min (major), 32.11 min (minor). 

(S,E)-3-(4-(1H-benzo[d][1,2,3]triazol-1-yl)-4-oxobut-2-en-1-yl)-3-hydroxy-1-
methylindolin-2-one (3da) 

White solid, 63.9 mg, 92% yield, 88% ee; mp 173.5-175.1 oC; 
[α]D

20 +41.8 (c 0.42, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 
8.30 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.66-7.62 
(m, 1H), 7.56-7.40 (m, 4H), 7.34 (dt, J1 = 8.0 Hz, J2 = 0.8 Hz, 
1H ), 7.11 (t, J = 7.2 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 3.70 (s, 
1H), 3.22 (s, 3H), 3.14 (ddd, J1 = 14.0 Hz, J2 = 6.8 Hz, J3 = 0.8 

Hz, 1H), 2.94 (dd, J1 = 14.0 Hz, J2 = 7.6 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 
177 .2, 162.9, 146.1, 142.9 131.3, 130.3, 130.1, 129.0, 126.2, 124.2, 124.0, 123.4, 120.1, 
114.6, 108.8, 75.6, 41.6, 26.4; IR (KBr, cm-1): v 3382, 3005, 1705, 1639, 1615, 1471, 
1377, 1353, 1275, 1261; HRMS (ESI) calcd for C19H16N4NaO3

+ ([M+Na]+): 371.1115, 
found: 371.1117; HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 
90:10 hexane/EtOH, flow rate: 0.7 mL/min): tR = 49.99 min (major), 56.11 min (minor). 
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(3S)-3-hydroxy-1-methyl-3-((E)-5-oxo-5-(1H-pyrazol-1-yl)pent-3-en-2-yl)indolin-2-
one (3ga) 

White solid, 52.9 mg, 85% yield, 98% ee, 96:4 dr; mp 146.1-147.3 
oC; 96:4 dr, 98% ee; [α]D

20 -46.0 (c 0.30, CH2Cl2); 1H MNR (400 
MHz, CDCl3): δ 8.26 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 0.8 Hz, 1H), 
7.42 (d, J = 7.6 Hz, 1H), 7.36-7.30 (m, 2H), 7.16-7.09 (m, 2H), 
6.82 (d, J = 7.6 Hz, 1H), 6.43 (dd, J1 = 1.6 Hz, J2 = 2.8 Hz, 1H), 

3.19-3.11 (m, 4H), 1.21 (d, J = 6.8 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 177.0, 
162.6, 150.7, 143.9, 134.5, 130.0, 128.6, 128.4, 124.3, 123.1, 121.6, 109.8, 108.5, 78.2, 
45.4, 26.1, 13.3; HRMS (EI) calcd for C14H15NO4

+ ([M]+): 311.1264, found: 311.1267; 
HPLC analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 87.5:12.5 
hexane/EtOH, flow rate: 0.9 mL/min): tR = 31.83 min (major), 70.96 min (minor). 

3. Esterification of Product 3aa 

N
O

Me

HO
N

O

N
MeOH

reflux, 1 d
N

O

Me

HO
OMe

O

3aa 4  
Compound 3aa (99% ee, 0.2 mmol ) and methanol (5 mL) were added to a reaction 

tube, and the solution was stirred under reflux for 1 day (monitored by TLC). The solvent 
was concentrated, and the residue was purified by column chromatography on silica gel 
(5:1 CH2Cl2/EtOAc) to provide product 4. 

methyl (S,E)-4-(3-hydroxy-1-methyl-2-oxoindolin-3-yl)but-2-enoate (4) 
Liquid, 89.7 mg, 99% yield, 99% ee; [α]D

20-30.2 (c 0.31, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ 7.37-7.28 (m, 2H), 7.10 (t, J = 
7.6 Hz, 1H), 6.88-6.80 (m, 2H), 5.84 (d, J = 15.6 Hz, 1H), 4.06 
(brs, 1H), 3.68 (s, 3H), 3.15 (s, 3H), 2.91 (ddd, J1 = 14.0 Hz, J2 

= 6.8 Hz, J3 = 1.6 Hz, 1H), 2.68 (dd, J1 = 14.0 Hz, J2 = 8.4 Hz, 1H); 13C{1H} NMR (100 
MHz, CDCl3): δ 177.3, 166.3, 142.8, 141.2, 129.8, 129.2, 125.2, 124.1, 123.2, 108.6, 75.5, 
51.5, 40.8, 26.2; IR (KBr, cm-1): v 3370, 3058, 2950, 1701, 1612, 1468, 1276, 1090, 980, 
756; HRMS (EI) calcd for C14H15NO4

+ ([M]+): 261.0996, found: 261.1004; HPLC 
analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 85:5 hexane/EtOH, flow 
rate: 0.9 mL/min): tR = 32.38 min (major), 39.73 min (minor). 
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4. Transformation of Product 3aa to Spirolactone 6 

N
O

Me

HO
N

O

N

3aa 5

Pd/C, H2

EtOAc, 25 oC
3 h

silica gel

N

O

Me

O

6

O
N

O

Me

HO
N

O

N

CH2Cl2, rt
5 h

 

Compound 3aa (99% ee, 0.2 mmol) was dissolved in 2 mL EtOAc, and 20 mol% Pd 
catalyst (10% w/w Pd/C, 42.6 mg) was added at room temperature. The mixture was 
stirred under an atmosphere of hydrogen for 3 hours (monitored by TLC). After the 
reaction was completed, the resulting mixture was filtered through a celite pad, and 
washed with CH2Cl2. The filtrate was concentrated, and provided product 5 with 
quantitative yield and excellent enantioselectivity (99% ee). 

Next, compound 5 (0.2 mmol), silica gel (4.0 g) and CH2Cl2 (30 mL) were added to 
a round bottom flask with a magnetic stir bar. The mixture was stirred at room temperature 
for 5 hours (monitored by TLC). After the reaction was completed, the resulting mixture 
was filtered through a silica pad, and washed with CH2Cl2. The filtrate was concentrated, 
and the residue was purified by column chromatography on silica gel (10:1 
CH2Cl2/EtOAc) to provide spirolactone 6. 

(S)-3-hydroxy-1-methyl-3-(4-oxo-4-(1H-pyrazol-1-yl)butyl)indolin-2-one (5) 
Liquid, 59.9 mg, quantitative yield, 99% ee; [α]D

20-30.8 (c 0.41, 
CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 8.10 (d, J = 2.8 Hz, 
1H), 7.56 (s, 1H), 7.32 (d, J = 7.2 Hz, 1H), 7.23 (d, J = 7.6 Hz, 
1H), 7.01  (d, J = 7.6 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 6.31 (t, 
J = 0.8 Hz, 1H), 3.93 (brs, 1H), 3.09 (s, 3H), 3.00 (t, J = 7.6 Hz, 

1H), 2.06-1.91 (m, 2H), 1.62-1.51 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 178.2, 
171.4, 143.8, 143.2, 129.9, 129.5, 128.1, 123.9, 123.1, 109.4, 108.4, 76.2, 37.4, 33.6, 26.1, 
18.0; IR (KBr, cm-1): v 3384, 3137, 3058, 2947, 1701, 1617, 1384, 1201, 1089, 922; 
HRMS (EI) for calcd for C16H17N3O3

+ ([M]+): 299.1264, found: 299.1268; HPLC 
analysis (Daicel Chiralpak AS-H column, λ = 254 nm, eluent: 87.5:12.5 hexane/EtOH, 
flow rate: 0.9 mL/min): tR = 35.75 min (major), 44.19 min (minor). 
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(S)-1-methyl-4',5'-dihydrospiro[indoline-3,2'-pyran]-6'(3'H)-one (6) 
White solid, 46.1 mg, 77% yield, 99% ee; mp 158.8-162.9 oC; [α]D

20-98.9 
(c 0.21, CH2Cl2); 1H NMR (400 MHz, CDCl3): δ 7.39-7.34 (m, 2H), 7.11 (t, 
J = 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 3.18 (s, 3H), 2.94-2.86 (m, 1H), 
2.71-2.56 (m, 2H), 2.21-2.13 (m, 1H), 2.08-2.02 (m, 1H), 1.98-1.91 (m, 1H); 
13C{1H} NMR (100 MHz, CDCl3): δ 173.8, 169.9, 142.9, 130.6, 128.0, 

123.8, 123.3, 108.6, 81.6, 29.4, 29.3, 26.3, 15.5; IR (KBr, cm-1): v 2960, 2920, 1720, 1612, 
1377, 1322, 1245, 1038, 994, 760; HRMS (EI) calcd for C13H13NO3

+ ([M]+): 231.0890, 
found: 231.0898; HPLC analysis (Daicel Chiralcel OD-H column, λ = 254 nm, eluent: 
80:20 hexane/EtOH, flow rate: 0.9 mL/min): tR = 27.41 min (major), 35.61 min (minor). 

5. Transformation of Product 3ac to Spirolactone 7 

2) DABCO (10 mol%)
CH2Cl2

, 25 oC, 24 h

1) Pd/C, H2
EtOAc, 25 oC, 3 h

N
O

H

HO
N

O

N

N
O

H

O

O

73ac  

Compound 3ac (95% ee, 0.5 mmol) was dissolved in 5 mL EtOAc, and 20 mol% Pd 
catalyst (10% w/w Pd/C, 106.4 mg, 0.10 mmol) was added at room temperature. The 
mixture was stirred under an atmosphere of hydrogen for 3 hours (monitored by TLC). 
After the reaction was completed, the resulting mixture was filtered through a celite pad, 
and washed with CH2Cl2. After removing the solvent under reduced pressure, the crude 
reduction product was used directly. 

Then, DABCO (5.6 mg, 0.05 mmol) was added to a solution of the crude product in 
CH2Cl2 (5.0 mL), and the mixture stirred at 25 oC for 24 hours (monitored by TLC). After 
removing the solvent under reduced pressure, the residue was purified by column 
chromatography (5:1 CH2Cl2/EtOAc) to get spirolactone 7. 

(S)-4',5'-dihydrospiro[indoline-3,2'-pyran]-2,6'(3'H)-dione (7) 
Colorless oil, 94.1 mg, 87% yield, 97% ee; [α]D

25-85.1 (c 1.34, CHCl3); 
1H NMR (400 MHz, CDCl3): δ 8.82 (s, H), 7.32 (d, J = 7.2 Hz, 1H), 7.30-
7.26 (m, 1H), 7.09-7.05 (m, 1H), 6.92-6.89 (m, 1H), 2.94-2.87 (m, 1H), 
2.73-2.65 (m, 1H), 2.63-2.52 (m, 1H), 2.20-2.05 (m, 2H), 2.01-1.92 (m, 
1H); 13C{1H} NMR (100 MHz, CDCl3): δ 176.1, 170.2, 140.1, 130.6, 

128.5, 124.2, 123.3, 110.7, 82.1, 29.6, 29.4, 15.5; HPLC analysis (Daicel Chiralpak AS-

N

O

Me

O

N
O

H

O
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H column, λ = 254 nm, eluent: 70:30 hexane/2-propanol, flow rate: 0.9 mL/min): tR = 
25.92 min (major), 23.85 min (minor). 
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7. Copies of NMR Spectra of the Products 3-7 
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8. Copies of HPLC Spectra for the Product 3-7 

 

 

 

 

N
O

HO O

N N

rac-3aaMe

N
O

HO O

N N

3aaMe



S53 

 
 

 

 

N
O

HO O

N N

rac-3abBn

N
O

HO O

N N

3abBn



S54 

 
 

 

 

N
H

O

HO O

N N

rac-3ac

N
H

O

HO O

N N

3ac



S55 

 
 

 

 
 

 

N
O

HO O

N N

rac-3adMe

Me

N
O

HO O

N N

3ad

Me

Me



S56 

 
 

 

 

N
O

HO O

N N

rac-3aeMe

Cl

N
O

HO O

N N

3ae

Cl

Me



S57 

 
 

 

 

N
O

HO O

N N

rac-3afMe

Me

N
O

HO O

N N

3afMe

Me



S58 

 
 

 

 

N
O

HO O

N N

rac-3agMe

F

N
O

HO O

N N

3agMe

F



S59 

 

 

 

 

N
O

HO O

N N

rac-3ahMe

Cl

N
O

HO O

N N

3ahMe

Cl



S60 

 
 

 

 

N
O

HO O

N N

rac-3aiMe

Br

N
O

HO O

N N

3aiMe

Br



S61 

 
 

 

 

 

 

N
O

HO O

N N

rac-3ajMe
Me

N
O

HO O

N N

3ajMe
Me



S62 

 
 

 

 

N
O

HO O

N N

rac-3akMe
MeO

N
O

HO O

N N

3akMe
MeO



S63 

 
 

 

 

N
O

HO O

N N

rac-3alMe
F

N
O

HO O

N N

3alMe
F



S64 

 
 

 

 

N
O

HO O

N N

rac-3amMe
Cl

N
O

HO O

N N

3amMe
Cl



S65 

 
 

 

 

 

N
O

HO O

N N

rac-3anMe
Br

N
O

HO O

N N

3anMe
Br



S66 

 

 

 

 
 

 

N
O

HO O

N N

rac-3aoMeMe

N
O

HO O

N N

3aoMeMe



S67 

 
 

 

 
 

 

N
O

HO O

N N

rac-3apMeF

N
O

HO O

N N

3apMeF



S68 

 
 

 

 

 

 

N
O

HO O

N N

rac-3aqMeCl

N
O

HO O

N N

3aqMeCl



S69 

 
 

 

 
 

 

N
O

HO O

N N

rac-3arMeBr

N
O

HO O

N N

3arMeBr



S70 

 

 

N
O

HO O

N N

rac-3asMeMe

Me

N
O

HO O

N N

3asMeMe

Me



S71 

 

 

 

 

N
H

O

HO O

N N

rac-3at

Br

N
H

O

HO O

N N

3at

Br



S72 

 

 

 

 

N
H

O

HO O

N N

rac-3au
Me

N
H

O

HO O

N N

3au
Me



S73 

 
 

 

 

N
H

O

HO O

N N

rac-3avF

N
H

O

HO O

N N

3avF



S74 

 

 

 

 
 

N
H

O

HO O

N N

rac-3awCl

N
H

O

HO O

N N

3awCl



S75 

 
 

 

 

N
H

O

HO O

N N

rac-3axBr

N
H

O

HO O

N N

3ax
Br



S76 

 

 

 

 

 

 

 

N
H

O

HO O

N N

3ayBr

N
H

O

HO O

N N

rac-3ayBr



S77 

 
 

 

 

N
O

HO O

N N

rac-3ba

Me
Me

Me

N
O

HO O

N N

3ba

Me
Me

Me



S78 

 

 

 

 

N
O

HO O

N N

rac-3ca

Ph
Ph

Me

N
O

HO O

N N

3ca

Ph
Ph

Me



S79 

 
 

 

 

 

N
O

HO O

N N
N

rac-3daMe

N
O

HO O

N N
N

3daMe



S80 

 

 

 

 

N
O

HO O

N N

rac-
3gaMe

Me

N
O

HO *
O

N N

3gaMe

Me



S81 

 
 

 

 
 

N
O

Me

HO
OMe

O

4

N
O

Me

HO
OMe

O

rac-4



S82 

 

 

 

 
 

 

N
O

Me

HO
N

O

N

rac-5

N
O

Me

HO
N

O

N

5



S83 

 
 

 

 

 

 

N
O

Me

O

O

rac-6

N
O

Me

O

O

6



S84 

 
 

 

 
 

N
O

H

O

O

7

N
O

Me

O

O

rac-7


	1. General Information
	2. General Procedure for the Enantioselective Vinylogous Aldol Reaction
	3. Esterification of Product 3aa
	4. Transformation of Product 3aa to Spirolactone 6
	5. Transformation of Product 3ac to Spirolactone 7
	6. References
	7. Copies of NMR Spectra of the Products 3-7
	8. Copies of HPLC Spectra for the Product 3-7

