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General remarks

All reactions were carried out in an oven dried flask. Solvents used for reactions and 

column chromatography were commercial grade and distilled prior to use. Toluene and THF 

were dried over sodium/benzophenone, CH2Cl2 and CHCl3 over CaH2. Solvents for HPLC 
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bought as analytical grade and used without further purification. TLC was performed on pre-

coated silica gel aluminium plates with 60F254 indicator, visualised by irradiation with UV light. 

Column chromatography was performed using silica gel 60-100 mesh. 1H-NMR and 13C-NMR 

were recorded on a 500 MHz instrument using DMSO-d6
 and CDCl3 as solvent and multiplicity 

as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublet), 

dt (doublet of triplet) bs (broad singlet). Coupling constants J were reported in Hertz. High 

resolution mass spectra were obtained by ESI using Q-TOF mass spectrometer. IR spectra were 

reported in terms of frequency of absorption (cm-1). The enantiomeric excess is obtained by 

HPLC analysis using a chiral stationary phase column (CHIRALPAK AD-H, AS-H and OD-H). 

Optical rotation was recorded using polarimeter at a wavelength of 589 nm.

1. X-ray Crystallographic data for compound (5b)
CCDC 985882 contains the supplementary crystallographic data for this paper. These data can be 

obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc. 

cam.ac.uk/data_request/cif.
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Table 1.  Crystal data and structure refinement for 5b

 
Identification code                     shelxl
Empirical formula                      C25 H21 I N2 O6

Formula weight                          572.34
Temperature                               296(2) K
Wavelength                                0.71073 A
Crystal system, space group      Orthorhombic,  C222(1)
Unit cell dimensions                   a = 14.6769(8) A   alpha = 90 deg.
                                                    b = 25.2457(8) A    beta = 90 deg.
                                                    c = 13.0633(6) A   gamma = 90 deg.

Volume                                       4840.3(4) A^3
Z, Calculated density                  8,  1.571 Mg/m^3
Absorption coefficient                1.366 mm^-1
F(000)                                         2288
Crystal size                                  0.35 x 0.32 x 0.30 mm
Theta range for data collection    2.24 to 25.00 deg.
Limiting indices                          -17<=h<=17, -30<=k<=30, -15<=l<=15
Reflections collected / unique     29859 / 4280 [R(int) = 0.0526]
Completeness to theta                  =   25.00     99.9 %
Absorption correction                 Semi-empirical from equivalents
Max. and min. transmission       0.6897 and 0.6425
Refinement method                    Full-matrix least-squares on F^2
Data / restraints / parameters      4280 / 57 / 326
Goodness-of-fit on F^2              1.042
Final R indices [I>2sigma(I)]     R1 = 0.0391, wR2 = 0.0934
R indices (all data)                      R1 = 0.0756, wR2 = 0.1169
Absolute structure parameter       -0.05(3)
Largest diff. peak and hole          0.433 and -0.549 e.A^-3
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Optimization studies:

Table . Solvent optimization studies of reaction conditions using organocatalyst 4ga

+
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Cat. 4g (5 mol%)

Solvent, rt

OH

1a 2 3a

N

O

CO2Et

O

S.No Solvent Yield (%)b ee (%)c

1 DCM 84 98
2 CHCl3 85 94
3 DCE 85 97
4 Acetone 80 96
5 Toluene 81 94
6 CF3-C6H5 82 98
7 THF 81 95
8 Diethylether 80 98
9 MTBE 82 97
10 Acetonitrile 86 96

a The reactions were carried out with 1 (0.1 mmol), 2 (0.1 mmol), and catalyst 4g (5 mol%)  in 1 
ml of appropriate solvent at mentioned temperature. b Isolated yield. c Determined using chiral 
stationary phase.
Subsequently, optimization of other parameters of the reaction conditions for the purpose of 

obtaining better yield was undertaken. Increasing the catalyst loading to 10 mol% or 20 mol%, 

did not have any significant improvement in the yield of the product 3a. Prolonged reaction 

duration was observed, when only 2 mol% of organocatalyst 4g was used. Instead of 5h, the 

completion of reaction was ascertained only after 3 days. Hence 5 mol% of catalyst loading was 

chosen for the identification of suitable reaction medium.. Since, protic solvents such as 

methanol and isopropanol are not suitable for H-bonding catalysis, they were not explored in 

solvent screening. The results suggest that there was little influence of solvents in this 

transformation. The expected product 3a was isolated in 80% yield and 90% ee irrespective of 

the reaction medium.
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I.General procedure for the preparation of  oxindole ketoesters 1.

N
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O

EtO2C

R2Ph3P

Isatin (1.0 equiv) and phosphorus ylide (3.0 equiv) are stirred in THF under reflux for 2h. The 
solvent was removed under reduced pressure and the residue was purified by a flash column 
chromatography (silica gel, ethyl acetate: hexane = 1:10) to give the corresponding oxindole 
ketoesters 1

ethyl (E)-3-(1-benzyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1b

General experimental procedure I was followed to prepare the product 1b . The 
desired product was obtained as reddish brown solid Yield: 0.5 g, 36%; 1H NMR 
(500MHz, CHLOROFORM-d):  = 8.69 (d, J=7.6 Hz, 1H), 7.92 (s, 1H), 7.27 - 
7.38 (m, 6H), 7.05 (t, J=7.7 Hz, 1H), 6.72 (d, J=7.9 Hz, 1H), 4.96 (s, 2H), 4.45 
(q, J=7.0 Hz, 2H), 1.45 (t, J=7.1 Hz, 3H); 13C NMR (125MHz, 
CHLOROFORM-d):  = 182.93, 167.64, 161.01, 146.31, 140.26, 135.21, 

134.42, 129.17, 128.90, 127.86, 127.27, 123.11, 121.94, 120.26, 109.44, 63.00, 44.0, 14.07; IR 
(ν, cm-1): 2982, 2933, 2360, 1722, 1689, 1594, 1463, 1350, 1268, 1186, 1096, 1047, 1012, 959, 
902, 859, 834, 782, 750 ; HRMS (ESI) Calcd. for C20H17NO4+Na+: 358.1050, Found: 358.1045.

ethyl (E)-2-oxo-3-(2-oxo-1-(prop-2-yn-1-yl)indolin-3-ylidene)propanoate1c 

General experimental procedure I was followed to prepare the product 1c. The desired product 
was obtained as reddish brown solid, Yield: 0.54 g, 35%.  1H NMR (500MHz, 
CHLOROFORM-d):  = 8.71 (d, J=7.6 Hz, 1H), 7.87 (s, 1H), 7.49 (t, J=7.7 Hz, 
1H), 7.13 (t, J=7.7 Hz, 1H), 7.05 (d, J=7.9 Hz, 1H), 4.56 (d, J=2.5 Hz, 2H), 4.44 
(q, J=7.3 Hz, 2H), 2.28 (t, J=2.5 Hz, 1H), 1.45 (t, J=7.1 Hz, 3H). 13C NMR 
(125MHz, CHLOROFORM-d):  = 182.83, 166.61, 160.93, 145.1, 139.91, 
134.46, 129.19, 123.44, 122.12, 120.20, 109.42, 76.31, 72.70, 63.03, 29.43, 
14.05; IR (ν, cm-1): 3255, 2922, 2857, 1728, 1604, 1462, 1343, 1273, 1183, 

1093, 1038, 924, 860, 814, 794, 753; HRMS (ESI) Calcd. for C16H13NO4+Na+: 306.0737, Found: 
306.0735.

Ethyl (E)-3-(1-allyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1d 
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General experimental procedure I was followed to prepare the product 1d. The desired product 
was obtained as reddish brown solid, Yield: 0.56 g, 38%; 1H NMR (500MHz, 
CHLOROFORM-d):  = 8.68 (d, J=7.6 Hz, 1H), 7.85 (s, 1H), 7.41 (t, J=7.7 
Hz, 1H), 7.06 (t, J=7.7 Hz, 1H), 6.80 (d, J=7.6 Hz, 1H), 5.79 - 5.90 (m, 1H), 
5.19 - 5.30 (m, 2H), 4.43 (q, J=7.1 Hz, 2H), 4.38 (d, J=4.7 Hz, 2H), 1.44 (t, 
J=7.1 Hz, 3H); 13C NMR (125MHz, CHLOROFORM-d):  = 182.92, 167.19, 
161.00, 146.4, 140.25, 134.4, 130.87, 129.13, 123.01, 121.76, 120.17, 117.92, 
109.29, 62.96, 42.48, 14.05; IR (ν, cm-1):  3059, 2986, 1736, 1689, 1611, 1467, 

1435, 1349, 1265, 1189, 1154, 1093, 1046, 989, 929, 854, 783, 729, 699; HRMS (ESI) Calcd. for 
C16H15NO4+Na+: 308.0893, Found: 308.0890.

ethyl (E)-3-(5-fluoro-1-methyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1e

General experimental procedure I was followed to prepare the product 1e. The desired product 
was obtained as reddish brown solid, Yield: 0.6 g, 40%. 1H NMR (500MHz, 
CHLOROFORM-d):  = 8.43 (dd, J=9.1, 2.8 Hz, 1H), 7.85 (s, 1H), 7.14 (td, 
J=8.5, 2.5 Hz, 1H), 6.72 (dd, J=8.7, 4.3 Hz, 1H), 4.43 (q, J=7.3 Hz, 2H), 3.22 
(s, 3H), 1.44 (t, J=7.1 Hz, 3H); 13C NMR (125MHz, CHLOROFORM-d):  = 
182.87, 167.09, 160.73, 159.79, 157.88, 143.27, 143.26, 139.95, 139.93, 
122.72, 120.75, 120.70, 120.69, 120.51, 116.60, 116.39, 108.81, 108.75, 

63.10, 26.42, 14.03; IR (ν, cm-1): 3111, 3062, 2927, 2856, 1717, 1683, 1597, 1459, 1364, 1326, 
1265, 1200, 1141, 1110, 1075, 1032, 998, 900, 838, 805, 723, 701; HRMS (ESI) Calcd. for 
C14H12NO4F+Na+: 300.0643, Found: 300.0640

ethyl (E)-3-(5-chloro-1-methyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1f

General experimental procedure I was followed to prepare the product 1f. The desired product 
was obtained as reddish brown solid. 0.45 g, 38%. 1H NMR (500MHz, 
CHLOROFORM-d): = 8.68 (s, 1H), 7.87 (d, J=1.6 Hz, 1H), 7.40 (d, J=8.2 
Hz, 1H), 6.73 (d, J=8.2 Hz, 1H), 4.44 (q, J=7.3 Hz, 2H), 3.23 (s, 3H), 1.44 - 
1.48 m, 3 H). 13C NMR (125MHz, CHLOROFORM-d):  = 181.76, 165.88, 
159.64, 144.44, 13.36, 132.83, 127.90, 127.42, 121.80, 119.98, 108.22, 
62.07, 28.65, 12.98; IR (ν, cm-1): 3744, 3240, 3064, 2922, 2855, 2326, 1723, 

1599, 1453, 1353, 1313, 1254, 1170, 1101, 1025, 897, 820, 714 ; HRMS (ESI) Calcd. for 
C14H12NO4Cl+Na+: 316.0347, Found: 316.0345.

ethyl (E)-3-(5-bromo-1-methyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1g

General experimental procedure I was followed to prepare the product 1g. 
The desired product was obtained as reddish brown solid.Yield: 0.42 g, 
40%. 1H NMR (400MHz, CHLOROFORM-d):  = 8.67 (d, J=2.2 Hz, 1H), 
7.86 (s, 1H), 7.39 (dd, J=8.4, 2.1 Hz, 1H), 6.72 (d, J=8.3 Hz, 1H), 4.43 (q, 

N
O

O

CO2Et

N
O

F

O CO2Et

N
O

Cl

O CO2Et

N
O

Br

O CO2Et



S7

J=7.1 Hz, 2H), 3.22 (s, 3H), 1.44 (t, J=7.2 Hz, 3H). 13C NMR (100MHz, CHLOROFORM-d):  
= 182.89, 166.99, 160.76, 145.55, 139.45, 133.90, 128.98, 128.51, 122.92, 121.09, 109.29, 
63.13, 26.45, 14.05; IR (ν, cm-1): 3739, 3111, 3065, 2928, 2379, 2322, 1741, 1714, 1677, 1584, 
1447, 1357, 1319, 1237, 1098, 998, 895, 833, 768, 708; HRMS (ESI) Calcd. for 
C14H12NO4Br+Na+: 359.9842, Found: 359.9840.

ethyl (E)-3-(5-iodo-1-methyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1h

General experimental procedure I was followed to prepare the product 1h. 
The desired product was obtained as reddish brown solid. Yield: 0.61g, 40%; 

1H NMR (500MHz, CHLOROFORM-d)  = 9.03 (d, J = 1.6 Hz, 1 H), 7.89 
(s, 1 H), 7.77 (dd, J = 1.6, 8.2 Hz, 1 H), 6.62 (d, J = 8.2 Hz, 1 H), 4.45 (q, J 
= 7.1 Hz, 2 H), 3.24 (s, 3 H), 1.46 (t, J = 7.3 Hz, 3 H);13C NMR (125MHz, 
CHLOROFORM-d)  = 182.8, 166.7, 160.7, 146.6, 142.8, 139.2, 137.3, 

122.8, 121.9, 110.3, 85.4, 63.2, 26.4, 14.1; IR (ν, cm-1): 3671, 2929, 2871, 2355, 1721, 1685, 
1589, 1460, 1425, 1357, 1292, 1259, 1100, 1072, 1040, 1005, 906, 850, 803, 776, 707   HRMS 
(ESI) Calcd. for C14H12NO4I+Na+: 407.9703, Found: 407.9702.

ethyl (E)-3-(5-methoxy-1-methyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1i

General experimental procedure I was followed to prepare the product 1i. The desired product 
was obtained as reddish brown solid. Yield: 0.32 g, 25%; 1H NMR 
(400MHz, CHLOROFORM-d):  = 8.67 (d, J = 2.0Hz, 1H) 8.36 (d, 
J=2.7 Hz, 1H), 7.82 (s, 1H), 7.00 (dd, J=8.6, 2.7 Hz, 1H), 6.68 (d, 
J=8.4 Hz, 1H), 4.43 (q, J=7.1 Hz, 2H), 3.85 (s, 3H), 3.20 (s, 3H), 1.43 
(t, J=7.2 Hz, 3H). 13C NMR (100MHz, CHLOROFORM-d):  = 
182.99, 167.35, 161.00, 155.91, 141.26, 141.19, 121.61, 121.13, 

120.65, 114.09, 108.93, 63.04, 55.96, 26.37, 14.08. IR (ν, cm-1): 3062, 2931, 1742, 1711, 1675, 
1587, 1475, 1360, 1273, 1228, 1133, 1087, 1027, 869, 814, 704; HRMS (ESI) Calcd. for 
C15H15NO5+Na+: 312.0842, Found: 312.0839.

ethyl (E)-3-(1-methyl-2-oxo-5-(trifluoromethoxy)indolin-3-ylidene)-2-oxopropanoate 1j

General experimental procedure I was followed to prepare the product 1j. The desired product 
was obtained as reddish brown solid. Yield: 0.2g, 22%. 1H NMR (500MHz, CHLOROFORM-d): 

 = 7.87 (d, J=8.8 Hz, 1H), 7.80 (d, J=7.9 Hz, 1H), 7.45 (d, J=8.8 Hz, 1H), 
7.29 (s, 1H), 4.30 - 4.40 (m, 2H), 3.47 (s, 3H), 1.38 (t, J =  3H). 13C NMR 
(125MHz, CHLOROFORM-d):  = 177.06, 161.00, 150.07, 145.69, 136.37, 
131.61, 131.35, 130.81, 129.1, 127.52, 124.81, 122.25, 122.19, 119.05, 
109.35, 62.01, 27.17, 14.16. IR (ν, cm-1): 3435, 3056, 2926, 2855, 2362, 
1723, 1692, 1603, 1472, 1366, 1255, 1213, 1165, 1142, 1113, 1083, 1042, 
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1007, 907, 861, 825, 733.  HRMS (ESI) Calcd. for C15H12NO5F3+Na+: 366.0560, Found: 
366.0558

ethyl (E)-2-oxo-3-(1,5,7-trimethyl-2-oxoindolin-3-ylidene)propanoate 1k

General experimental procedure I was followed to prepare the product 1k. The desired product 
was obtained as reddish brown solid: Yield: 0.18 g, 19%. 1H NMR (500MHz, CHLOROFORM-

d):  = 8.41 (s, 1H), 7.79 (s, 1H), 6.98 (s, 1H), 4.43 (q, J=7.1 Hz, 2H), 3.49 
(s, 3H), 2.50 (s, 3H), 2.29 (s, 3H), 1.44 (t, J=7.1 Hz, 3H) .13C NMR 
(125MHz, CHLOROFORM-d):  = 182.89, 168.35, 161.10, 142.62, 
140.67, 139.14, 132.37, 127.55, 120.98, 120.91, 119.59, 62.89, 29.87, 
20.67, 18.87, 14.06. IR (ν, cm-1): 3057, 2926, 2863, 1739, 1707, 1683, 
1589, 1444, 1349, 1237, 1124, 1077, 1014, 893, 858, 817, 774, 729 ; 

HRMS (ESI) Calcd. for C16H17NO4+Na+: 310.1050, Found: 310.1046.

ethyl (E)-3-(7-fluoro-1-methyl-2-oxoindolin-3-ylidene)-2-oxopropanoate 1l

General experimental procedure I was followed to prepare the product 1l. The desired product 
was obtained as reddish brown solid: Yield: 0.25 g, 22%. 1H NMR (500MHz, 
CHLOROFORM-d):  = 8.49 (d, J=7.6 Hz, 1H), 7.88 (s, 1H), 7.15 - 7.22 (m, 
1H), 7.01 (td, J=8.1, 4.6 Hz, 1H), 4.44 (q, J=7.1 Hz, 2H), 3.48 (d, J=2.8 Hz, 
3H), 1.45 (t, J=7.1 Hz, 3H). 13C NMR (125MHz, CHLOROFORM-d):  = 
182.84, 167.09, 160.81, 148.58, 146.64, 139.50, 139.47, 133.46, 133.39, 
124.94, 124.91, 123.45, 123.40, 123.0, 122.67, 122.64, 122.31, 122.16, 63.09, 

29.04, 28.99, 14.04; IR (ν, cm-1): 3076, 2956, 2923, 2854, 2359, 1750, 1719, 1682, 1625, 1593, 
1460, 1352, 1236, 1125, 1087, 1012, 932, 890, 859, 795, 752, 712 ;  HRMS (ESI) Calcd. for 
C14H12NO4F+Na+: 300.0643, Found: 300.0641.

ethyl (E)-2-oxo-3-(2-oxoindolin-3-ylidene)propanoate 1m  

General experimental procedure I was followed to prepare the product 1m. The desired product 
was obtained as reddish brown solid. Yield: 0.2g, 20%. 1H NMR (500MHz, 
CHLOROFORM-d):  = 8.68 (s, 1H), 7.82 (s, 1H), 7.70 (dd, J=11.8, 7.7 Hz, 
1H), 7.53 - 7.62 (m, 1H), 7.46 - 7.53 (m, 1H), 7.40 (t, J=7.6 Hz, 1H), 7.06 (t, 
J=7.7 Hz, 1H), 6.85 - 6.94 (m, 1H), 4.44 (q, J=6.9 Hz, 2H), 1.45. 13C NMR 
(125MHz, CHLOROFORM-d)):  = 182.85, 169.04, 161.02, 144.69, 140.70, 
134.64, 129.39, 123.10, 121.59, 120.67, 110.45, 63.01, 14.05 (t, J=7.1 Hz, 

3H). IR (ν, cm-1): 31881, 3078, 2924, 2855, 1721, 1677, 1591, 1457, 1407, 1335, 1280, 1217, 
1156, 1072, 900, 863, 776, 713 ; HRMS (ESI) Calcd. for C13H11NO4+Na+: 267.9689, Found: 
267.9689.
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II. Typical procedure for spirooxindole napthaquinones:

N
O
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+
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1 2

O

CO2Et

R2

cat 4g (5mol%)

DCM/rt/12h

OH

Michael adduct intermediate A

R2

      To the solution of  oxindole ketoester 1 (0.2 mmol) and  2-hydroxynaphthaquinone 2  (0.2 
mmol), and thiourea catalyst 4g (0.02 mmol) were stirred in 1 mL of dichloromethane at room 
temperature. After TLC showed that oxindole ketoester was completely consumed, the solvent 
was removed under reduced pressure and the residue was purified by column chromatography on 
silica gel (hexane / acetate = 4:1) to give the corresponding products 3.

      The Michael addition product was found to exist in rapid equilibrium with a hemiketal form 
in solution. These anomers equilibrate slowly enough that they show up as separate compounds 
by 1H and 13C NMR but quickly enough that they do not resolve by chromatography.

ethyl (4R)-2-hydroxy-1'-methyl-2',5,10-trioxo-2,3,5,10-tetrahydrospiro[benzo[g]chromene-
4,3'-indoline]-2-carboxylate 3a

General experimental procedure II was followed to prepare the product 3a. The desired product 
was obtained as foamy solid. Yield: 42 mg, 84%. 1H NMR (500MHz, 
DMSO-d6):  = 8.76 (s, 1H), 8.02 - 8.09 (m, 1H), 7.71 - 7.92 (m, 4H), 
7.51 (d, J=6.9 Hz, 1H), 7.29 (t, J=7.7 Hz, 1H), 7.09 (d, J=7.9 Hz, 1H), 
6.87 - 6.98 (m, 1H), 4.25 (q, J=7.3 Hz, 2H), 3.24 (s, 3H), 2.48 (s, 1H), 
2.25 (d, J=14.2 Hz, 1H), 1.25 (t, J=7.3 Hz, 3H). 13C NMR (125MHz, 
DMSO-d6):  = 182.20, 178.86, 178.10, 166.89, 154.65,  144.29, 135.31, 
134.57, 132.35, 131.16, 130.77, 128.68, 126.64, 126.44, 126.40, 122.08, 
121.52, 109.05, 96.70, 62.65, 45.90, 38.4127.14, 14.32 ; IR (ν, cm-1): 

3655, 3417, 2925, 2858, 2358, 1727, 1649, 1606, 1461, 1374, 1346, 1274, 1127, 1024, 817, 732 
; HRMS (ESI) Calcd. for C24H19NO7+Na+: 582.0020, Found: 582.0014 The ee was determined 
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to be 98 % by chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 70/30, 1.0mL/min, λ= 
254 nm): tR ( minor) = 15.8 min, tR (major) = 23.1  min. [α]25

D = -38.2 (c = 1.0, CHCl3).

ethyl (4R)-1'-benzyl-2-hydroxy-2',5,10-trioxo-2,3,5,10-tetrahydrospiro[benzo[g]chromene-
4,3'-indoline]-2-carboxylate 3b

General experimental procedure II was followed to prepare the product 3b. The desired product 
was obtained as foamy solid. Yield: 39 mg, 85%. 1H NMR (400MHz, 
DMSO-d6):  = 8.82 (s, 1H), 8.03 - 8.11 (m, 1H), 7.81 - 7.89 (m, 4H), 
7.47 - 7.56 (m, 4H), 7.35 - 7.42 (m, 2H), 7.26 - 7.35 (m, 1H), 7.19 
(td, J=7.7, 1.2 Hz, 1H), 6.87 - 6.98 (m, 3H), 4.95 - 5.08 (m, 2H), 4.26 
(q, J=7.1 Hz, 2H), 2.58 (d, J=14.3 Hz, 1H), 2.34 (d, J=14.2 Hz, 1H), 
1.26 (t, J=7.2 Hz, 3H). 13C NMR (100MHz, DMSO-d6):  = 181.73, 
178.34, 178.03, 177.75, 167.34, 154.46, 142.68, 136.23, 134.82, 
134.10, 131.91, 130.66, 130.31, 128.60, 128.56, 128.06, 127.29, 

127.17, 127.10, 126.17, 126.01, 125.95, 121.73, 120.72, 109.22, 96.96, 96.34, 62.19, 45.63, 
38.33, 13.82. IR (ν, cm-1): 3451, 3051, 2982, 1710, 1671, 1489, 1435, 1406, 1388, 1362, 1308, 
1267, 1223, 1201, 1093, 1048, 1028, 950, 896, 822, 728; HRMS (ESI) Calcd. for 
C30H23NO7+Na+: 532.1367, Found: 532.1347 The ee was determined to be 97 % by chiral HPLC 
analysis (Chiralcel OD-H, hexane/isopropanol 70/30, 1.0mL/min, λ= 254 nm): tR ( minor) = 19.4 
min, tR (major) = 6.6 min. [α]25

D = -56.2 (c = 1.0, CHCl3).

ethyl (4R)-2-hydroxy-2',5,10-trioxo-1'-(prop-2-yn-1-yl)-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3c

General experimental procedure II was followed to prepare the 
product 3c. The desired product was obtained as foamy solid. Yield: 
38 mg, 81%. 1H NMR (400MHz, DMSO-d6):  = 8.75 - 8.86 (m, 
1H), 7.99 - 8.08 (m, 1H), 7.74 - 7.89 (m, 3H), 7.49 - 7.58 (m, 1H), 
7.33 (td, J=7.7, 1.1 Hz, 1H), 7.20 (d, J=7.7 Hz, 1H), 6.93 - 7.03 (m, 
1H), 4.54 - 4.73 (m, 2H), 4.26 (q, J=7.1 Hz, 2H), 2.43 - 2.49 (m, 
1H), 2.25 (d, J=14.1 Hz, 1H), 1.26 (t, J=7.1 Hz, 4H). 13C NMR 

(100MHz, DMSO-d6):  = 181.61, 178.30, 177.99, 176.81, 167.26, 154.27, 141.83, 134.81, 
134.09, 131.69, 130.59, 130.2, 128.62,  128.15, 126.17, 126.11, 125.92, 121.98, 120.58, 96.18, 
77.80, 74.63, 62.20, 45.45, 38.02, 29.42, 13.81. IR (ν, cm-1): 3300, 3053, 1718, 1682, 1654, 
1617, 1487, 1466, 1427, 1359, 1335, 1301, 1265, 1198, 1049, 1027, 1005, 968, 898, 82, 728, 
700; HRMS (ESI) Calcd. for C26H19NO7+Na+: 480.1054, Found: 480.1050. The ee was 
determined to be 94 % by chiral HPLC analysis (Chiralcel OD-H, hexane/isopropanol 70/30, 
1.0mL/min, λ= 254 nm): tR ( minor) = 11.3 min, tR (major) = 6.1  min. [α]25

D = -45.5 (c = 1.0, 
CHCl3).
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ethyl (4R)-1'-allyl-2-hydroxy-2',5,10-trioxo-2,3,5,10-tetrahydrospiro[benzo[g]chromene-
4,3'-indoline]-2-carboxylate 3d

General experimental procedure II was followed to prepare the product 3d. The desired product 
was obtained as foamy solid. Yield: 35 mg, 86%. 1H NMR (400MHz, DMSO-d6):  = 8.76 (s, 

1H), 8.02 - 8.08 (m, 1H), 7.77 - 7.87 (m, 4H), 7.52 (dd, J=7.6, 0.9 
Hz, 1H), 7.26 (td, J=7.7, 1.2 Hz, 1H), 6.98 - 7.08 (m, 1H), 6.93 (td, 
J=7.6, 0.9 Hz, 1H), 5.94 (ddt, J=17.2, 10.2, 4.9 Hz, 1H), 5.38 - 
5.49 (m, 1H), 5.14 - 5.31 (m, 1H), 4.40 (dd, J=4.6, 1.8 Hz, 2H), 
4.25 (q, J=7.1 Hz, 2H), 2.54 (s, 1H), 2.29 (d, J=14.2 Hz, 1H), 1.24 
- 1.28 (m, 3H). 13C NMR (100MHz, DMSO-d6):  = 181.70, 
178.34, 177.37, 167.34, 154.33, 142.74, 134.79, 134.06, 131.91, 
131.85, 131.64, 130.67, 130.29,  128.03, 126.14, 125.94, 121.58, 

120.88, 116.84, 109.18, 96.28, 62.15, 59.70, 45.53, 42.06, 38.27, 20.70, 14.04, 13.56. IR (ν, cm-

1): 3302, 2959,2582, 1727, 1618, 1465, 1421,1402, 1365, 1264, 1222, 1186, 1035,  1025, 922, 
802, 731, 702 ;HRMS (ESI) Calcd. for C26H21NO7+Na+: 482.1210, Found: 482.1203. The ee was 
determined to be 97 % by chiral HPLC analysis (Chiralcel OD-H, hexane/isopropanol 70/30, 
1.0mL/min, λ= 254 nm): tR ( minor) = 13.7 min, tR (major) = 5.8  min. [α]25

D = -71.2 (c = 1.0, 
CHCl3).

ethyl (4R)-5'-fluoro-2-hydroxy-1'-methyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3e

General experimental procedure II was followed to prepare the product 3e. The desired product 
was obtained as foamy solid. Yield: 43 mg, 91%. 1H NMR (500MHz, DMSO-d6) δ 8.86 (s, 1H), 

8.02 - 8.09 (m, 1H), 7.77 - 7.88 (m, 3H), 7.36 (dd, J=8.8, 2.5 Hz, 1H), 
7.08 - 7.22 (m, 2H), 4.26 (q, J=6.9 Hz, 2H), 3.24 (s, 3H), 2.47 (s, 1H), 
2.29 (d, J=14.2 Hz, 1H), 1.26 (t, J=7.1 Hz, 3H). 13C NMR (125MHz, 
DMSO-d6) δ 182.26, 178.78, 177.88, 167.77, 159.26, 156.04 (d, J = 
234 Hz, C-F) , 140.65, 135.25, 133.82 (d, J = 8.8 Hz, C-F) , 133.79, 
131.16, 130.86, 126.52 (d, J = 28.3 Hz, C-F), 120.92, 114.93, 114.74, 
114.71, 114.51, 109.75, 109.69, 97.32, 96.60, 62.72, 60.21, 46.19, 
38.04, 27.34, 14.32. IR (ν, cm-1): 3058, 2926, 1750, 1713, 1683, 1656, 

1619, 1494, 1466, 1356, 1301, 1265, 1201, 1152, 1120, 1023, 958, 878, 814, 728 ; HRMS (ESI) 
Calcd. for C24H18NO7F+Na+: 474.0960, Found: 474.0957. The ee was determined to be 96 % by 
chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): tR ( 
minor) = 21.9 min, tR (major) = 32.0 min. [α]25

D = -53.2 (c = 1.0, CHCl3).

ethyl (4R)-5'-chloro-2-hydroxy-1'-methyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3f
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General experimental procedure II was followed to prepare the product 3f. The desired product 
was obtained as foamy solid. Yield: 41 mg, 88%. 1H NMR (500MHz, DMSO-d6):  = 8.80 - 8.88 

(m, 1H), 8.01 - 8.10 (m, 1H), 7.78 - 7.87 (m, 4H), 7.57 (d, J=2.2 Hz, 1H), 
7.36 (dd, J=8.2, 2.2 Hz, 1H), 7.14 (d, J=8.2 Hz, 1H), 4.26 (q, J=6.9 Hz, 
2H), 3.25 (s, 3H), 2.48 (d, J=14.5 Hz, 1H), 2.30 (d, J=14.2 Hz, 1H), 1.25 - 
1.28 (m, 3H). 13C NMR (125MHz, DMSO-d6):  = 182.31, 178.75, 
177.79, 167.75, 154.77, 143.33, 135.22, 134.56, 134.03, 131.17, 130.91, 
128.48, 126.83, 126.64, 126.46, 126.42, 126.12,  120.82, 110.48, 96.56, 
62.72, 60.21, 45.99, 38.03, 27.32, 14.32. IR (ν, cm-1): 3844, 3743, 3054, 
2312, 1707, 1682, 1626, 1515, 1425, 1325, 1301, 1264, 1147, 1120, 1056, 

945, 896, 729; HRMS (ESI) Calcd. for C24H18NO7Cl+Na+: 490.0664, Found: 490.0667. The ee 
was determined to be 98 % by chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 
80/20, 1.0mL/min, λ= 254 nm): tR ( minor) = 19.7 min, tR (major) = 28.8 min. [α]25

D = -94.0 (c = 
1.0, CHCl3).

ethyl (4R)-5'-bromo-2-hydroxy-1'-methyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3g

General experimental procedure II was followed to prepare the product 3g. The desired product 
was obtained as foamy solid. Yield: 42 mg, 91%. 1H NMR (500MHz, 
DMSO-d6):  = 8.76 (s, 1H), 8.00 - 8.12 (m, 1H), 7.75 - 7.90 (m, 4H), 
7.51 (d, J=6.9 Hz, 1H), 7.24 - 7.39 (m, 1H), 7.06 - 7.19 (m, 1H), 6.86 - 
7.00 (m, 2H), 4.25 (q, J=7.3 Hz, 2H), 3.24 (s, 3H), 2.42 - 2.49 (m, 1H), 
2.25 (d, J=14.2 Hz, 1H), 1.25 (t, J=7.3 Hz, 3H); 13C NMR (125MHz, 
DMSO-d6):  = 182.33, 178.74, 177.70, 167.75, 154.78, 143.72, 
135.23, 134.57, 134.39, 131.33, 131.16, 130.91, 129.49, 126.64, 
126.42, 120.80,113.94, 111.05, 96.55, 62.73, 45.93, 38.03, 27.29, 

27.32, 14.32; IR (ν, cm-1): 3837, 3726, 3051, 2357, 1703, 1682, 1626, 1517, 1428, 1348, 1301, 
1267, 1139, 1107, 1075, 959, 886, 731; HRMS (ESI) Calcd. for C24H18BrNO7+Na+: 534.0159, 
Found: 534.0167. The ee was determined to be 96 % by chiral HPLC analysis (Chiralcel AD-H, 
hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): tR (minor) = 15.5 min, tR (major) = 22.0 
min. [α]25

D = -47.2 (c = 1.0, CHCl3).

ethyl (4R)-2-hydroxy-5'-iodo-1'-methyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3h 

General experimental procedure II was followed to prepare the product 3h. The desired product 
was obtained as foamy solid. Yield: 41 mg, 90%. 1H NMR (400MHz, DMSO-d6)  = 8.85 (s, 
1H), 8.02 - 8.06 (m, 1H), 7.83 - 7.86 (m, 2H), 7.77 - 7.83 (m, 2H), 7.61 - 7.69 (m, 1H), 6.98 (d, 
J=8.2 Hz, 1H), 4.26 (q, J=7.1 Hz, 2H), 3.22 (s, 3H), 2.48 (d, J=4.9 Hz, 1H), 2.29 (d, J=14.2 Hz, 
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1H), 1.26 (t, J=7.1 Hz, 3H);13C NMR (100MHz, DMSO-d6):  = 
181.84, 178.25, 177.06, 167.27, 154.29, 143.67, 136.63, 134.74, 
134.40, 134.16, 134.09, 130.65, 130.41, 126.15, 125.93, 120.35, 
111.11, 96.05, 84.83, 62.23, 45.25, 37.58, 26.72, 13.83;  IR (ν, cm-1): 
3671, 2929, 2871, 2355, 1721, 1685, 1589, 1460, 1425, 1357, 1292, 
1259, 1100, 1072, 1040, 1005, 906, 850, 803, 776, 707;  HRMS (ESI) 
Calcd. for C24H18NO7I+Na+: 582.0020, Found: 582.0014. The ee was 
determined to be 98 % by chiral HPLC analysis (Chiralcel AD-H, 

hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): tR ( minor) =35.2 min, tR (major) = 52  min. 
[α]25

D = -102.5 (c = 1.0, CHCl3).

ethyl (4R)-2-hydroxy-5'-methoxy-1'-methyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3i

General experimental procedure II was followed to prepare the product 3i. The desired product 
was obtained as foamy solid. Yield: 38 mg, 82%. 1H NMR (500MHz, 
DMSO-d6):  = 8.77 (s, 1H), 8.04 (dd, J=6.0, 2.5 Hz, 1H), 7.78 - 7.86 
(m, 4H), 7.18 (d, J=2.5 Hz, 1H), 7.00 (d, J=8.5 Hz, 1H), 6.86 (dd, 
J=8.5, 2.8 Hz, 1H), 4.25 (q, J=7.3 Hz, 2H), 3.63 - 3.67 (m, 4H), 3.21 (s, 
3H), 2.48 (s, 1H), 2.24 (d, J=14.2 Hz, 1H), 1.25 (t, J=7.1 Hz, 3H); 13C 
NMR (125MHz, DMSO-d6):  = 182.19, 178.88, 179.69, 167.87, 
155.27, 154.63, 137.74, 135.27, 134.52, 133.63, 131.20, 130.80, 
126.61, 126.40, 121.49, 114.28, 112.60, 109.18, 96.69, 62.65, 55.78, 

46.26, 38.35, 27.21, 14.32; IR (ν, cm-1): 3844, 3742, 3056, 1749, 1679, 1616, 1499, 1465, 1427, 
1358, 1264, 1202, 1162, 1026, 952, 895, 729, 701; HRMS (ESI) Calcd. for C25H21NO8+Na+: 
486.1159, Found: 486.1151. The ee was determined to be 95 % by chiral HPLC analysis 
(Chiralcel AD-H, hexane/isopropanol 80/20, 0.8 mL/min, λ= 254 nm): tR ( minor) = 22.5 min, tR 
(major) = 29.9  min. [α]25

D = -89.5 (c = 1.0, CHCl3).

ethyl (4R)-2-hydroxy-1'-methyl-2',5,10-trioxo-5'-(trifluoromethoxy)-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3j

General experimental procedure II was followed to prepare the product 3i. The desired product 
was obtained as foamy solid. Yield: 38 mg, 86%. 1H NMR (500MHz, 
DMSO-d6):  = 8.88 (s, 1H), 8.05 (dd, J=6.3, 1.9 Hz, 1H), 7.79 - 7.88 
(m, 3H), 7.54 (s, 1H), 7.30 - 7.35 (m, 1H), 7.20 (d, J=8.5 Hz, 1H), 4.26 
(q, J=6.9 Hz, 2H), 3.26 (s, 3H), 2.46 (s, 1H), 2.33 (d, J=14.2 Hz, 1H), 
1.26 (t, J=7.1 Hz, 3H) ppm. 13C NMR (125MHz, DMSO-d6):  = 182.28, 
178.73, 178.03, 167.74, 154.82, 143.50, 143.48, 135.26, 134.59, 133.60, 
131.13, 130.91, 126.67, 126.41, 123.68, 121.77, 121.65, 120.66, 120.47, 

119.62, 110.82, 109.8, 96.62, 62.74, 46.05, 37.93, 27.36, 14.31 ppm. IR (ν, cm-1): 3744, 3672, 

N

O

O

OH
O

O

O

O

I

N

O

O

OH
O

O

O

O

MeO

N

O

O

OH
O

O

O

O

F3CO



S14

3054, 1718, 1685, 1653, 1620, 1499, 1422, 1358, 1263, 1220, 1161, 1054, 1029, 969, 896, 819, 
729, 701; HRMS (ESI) Calcd. for C25H18NO8F3+Na+: 540.0877, Found: 540.0877. The ee was 
determined to be 94 % by chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 90/10, 
1.0mL/min, λ= 254 nm): tR ( minor) = 25.4 min, tR (major) = 37.9  min. [α]25

D = -61.4 (c = 1.0, 
CHCl3).

ethyl (4R)-2-hydroxy-1',5',7'-trimethyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3k  
General experimental procedure II was followed to prepare the product 3k. The desired product 
was obtained as foamy solid. Yield: 37 mg, 81%. 1H NMR (400MHz, DMSO-d6):  = 8.66 (s, 

1H), 7.80 (m, 4H), 7.16 (s, 1H), 7.15(s, 1H), 6.83 (s, 1H), 4.23 (q, J=7.1 
Hz, 2H), 3.46 (s, 3H), 2.56 (s, 3H), 2.46 (s, 1H), 2.19 (d, J=14.2 Hz, 
1H), 2.13 (s, 3H), 1.22 - 1.26 (m, 3H). 13C NMR (100MHz, DMSO-d6): 
 = 181.65, 178.38, 178.10, 167.30, 154.24, 138.98, 134.77, 134.01, 
132.83, 132.11, 130.73, 130.25, 126.09, 125.90, 124.06, 121.35, 119.11, 
96.78, 96.30, 62.04, 46.16, 45.16, 29.74, 20.43, 18.48, 13.79; IR (ν, cm-

1): 3457, 2856, 2874, 1839, 1745, 1683, 1514, 1466, 1444, 1349, 1237, 
1125, 1142, 1025, 956, 817, 782, 752; HRMS (ESI) Calcd. for 

C26H23NO7+Na+: 484.1367, Found: 484.1365. The ee was determined to be 89 % by chiral 
HPLC analysis (Chiralcel AD-H, hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): tR ( minor) 
= 14.7 min, tR (major) = 26.2  min. [α]25

D = -65.5 (c = 1.0, CHCl3).

ethyl (4R)-7'-fluoro-2-hydroxy-1'-methyl-2',5,10-trioxo-2,3,5,10-
tetrahydrospiro[benzo[g]chromene-4,3'-indoline]-2-carboxylate 3l
 General experimental procedure II was followed to prepare the product 3k. The desired product 

was obtained as foamy solid. Yield: 41 mg, 81%. 1H NMR (400MHz, 
DMSO-d6):  = 8.82 (s, 1H), 8.01 - 8.07 (m, 1H), 7.78 - 7.86 (m, 4H), 
7.37 (dd, J=7.6, 1.0 Hz, 1H), 7.17 (ddd, J=11.9, 8.4, 0.7 Hz, 1H), 6.93 (td, 
J=8.0, 4.7 Hz, 1H), 4.25 (q, J=7.2 Hz, 2H), 3.41 (d, J=2.8 Hz, 4H), 2.47 
(s, 1H), 2.33 (d, J=14.3 Hz, 1H), 1.23 - 1.27 (m, 3H) ppm. 13C NMR 
(100MHz, DMSO-d6):  = 187.06, 183.53, 182.50, 172.50, 172.19, 
159.80, 152.29 (d, J = 239 Hz, C-F) , 140.10, 139.93, 139.40, 135.84, 
135.64, 131.55, 131.45, 127.56 (d, J = 5.6 Hz, C-F) , 125.78, 121.31 (d, J 

= 23.3 Hz, C-F) , 101.45, 67.44, 50.85, 43.30, 43.07,  34.30, 34.24, 19.06; IR (ν, cm-1): 3402, 
3050, 2925, 2855, 2362, 1719, 1683, 1655, 1623, 1463, 1363, 1266, 1202, 1119, 1055, 1029, 
819, 730, 702; HRMS (ESI) Calcd. for C24H18NO7F+Na+: 474.0960, Found: 474.0957. The ee 
was determined to be 94 % by chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 
80/20, 1.0mL/min, λ= 254 nm): tR ( minor) = 23.4 min, tR (major) = 34.6  min. [α]25

D = -114.0 (c 
= 1.0, CHCl3).
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ethyl (4R)-2-hydroxy-2',5,10-trioxo-2,3,5,10-tetrahydrospiro[benzo[g]chromene-4,3'-
indoline]-2-carboxylate 3m

General experimental procedure II was followed to prepare the product 3k. The desired product 
was obtained as foamy solid. Yield: 39mg,78%. 1H NMR (400MHz, DMSO-d6):  = 10.72 (s, 

1H), 8.68 (d, J=1.8 Hz, 1H), 8.02 - 8.11 (m, 1H), 7.78 - 7.89 (m, 4H), 7.44 
(d, J=7.5 Hz, 1H), 7.18 (td, J=7.7, 1.3 Hz, 1H), 6.89 - 7.02 (m, 1H), 6.82 - 
6.88 (m, 2H), 4.25 (q, J=7.2 Hz, 2H), 2.46 (d, J=2.0 Hz, 1H), 2.24 (d, 
J=14.2 Hz, 1H), 1.25 - 1.27 (m, 3H). 13C NMR (100MHz, DMSO-d6): = 
181.70, 179.24, 178.41, 167.43, 154.13, 142.28, 134.79, 134.02, 132.85, 
130.73, 130.26, 128.0, 126.15, 126.10, 125.87, 123.06, 121.22, 120.9, 
109.57, 96.22, 62.10, 45.94, 38.16, 13.82; IR (ν, cm-1): 3429, 3025,  2251, 

2124, 1719, 1656, 1612, 1205, 1201, 1145, 1051, 1023, 1002, 821, 758; HRMS (ESI) Calcd. for 
C23H17NO7+Na+: 442.0897, Found: 442.0895 The ee was determined to be 60 % by chiral HPLC 
analysis (Chiralcel OD-H, hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): tR ( minor) = 15.4 
min, tR (major) = 22.4  min. [α]25

D = -72.5 (c = 1.0, CHCl3).

III. Typical procedure for the synthesis of spirooxindole dihydropyridine napthaquinones 

A solution of compound 3(1equiv) and ammonium acetate (1.5 equiv) in dichloromethane was 
stirred for 4h. The solvent was evaporated and the mixture was purified by column 
chromatography on silica gel, eluted by hexane/EtOAc= 15:1 to affords products 5 

ethyl (R)-1'-allyl-2',5,10-trioxo-5,10-dihydro-1H-spiro[benzo[g]quinoline-4,3'-indoline]-2-
carboxylate 5a

General experimental procedure III was followed to prepare the product 5a. The desired product 
was obtained as foamy solid. Yield: 35 mg, 89%. 1H NMR 
(400MHz, CHLOROFORM-d):  = 8.00 - 8.05 (m, 1H), 7.81 - 7.85 
(m, 2H), 7.55 - 7.60 (m, 2H), 7.20 - 7.25 (m, 1H), 7.19 - 7.20 (m, 
1H), 7.11 (dd, J=7.4, 0.9 Hz, 1H), 6.95 (td, J=7.5, 0.9 Hz, 1H), 6.84 
(d, J=7.8 Hz, 1H), 5.94 (ddt, J=17.2, 10.4, 5.2 Hz, 1H), 5.59 (d, 
J=1.8 Hz, 1H), 5.44 (dd, J=17.2, 1.1 Hz, 1H), 5.26 (dd, J=10.4, 1.2 
Hz, 1H), 4.34 - 4.49 (m, 3H), 4.19 - 4.28 (m, 2H), 1.23 - 1.27 (m, 

3H) ppm. 13C NMR (100MHz, CHLOROFORM-d)  = 181.29, 179.46, 177.95, 161.52,  141.30, 
140.16, 136.17, 135.0, 132.75, 132.65, 131.37, 130.05, 129.11, 127.5, 126.67, 126.36, 124.81, 
123.10, 117.97, 112.57, 109.18, 62.39, 50.88, 43.03, 29.70, 14.11; IR (ν, cm-1): 3625, 3428, 
3152, 2259, 2623, 2210, 1697, 1651, 1610, 1615, 1414, 1245, 1220, 1165, 1092, 1034, 952, 802, 
731, 702; HRMS (ESI) Calcd. for C26H20N2O5+Na+: 463.1511, Found: 463.1512. The ee was 
determined to be 89 % by chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 70/30, 
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1.0mL/min, λ= 254 nm): tR ( minor) = 12.7 min, tR (major) = 17.3  min. [α]25
D = -59.5 (c = 1.0, 

CHCl3).

ethyl (R)-5'-iodo-1'-methyl-2',5,10-trioxo-5,10-dihydro-1H-spiro[benzo[g]quinoline-4,3'-
indoline]-2-carboxylate 5b

General experimental procedure III was followed to prepare the product 5b. The desired product 
was obtained as foamy solid. Yield: 32 mg, 80%. 1H NMR (500MHz, DMSO-d6):  = 8.05 - 8.07 

(m, 1H), 8.01 - 8.05 (m, 1H), 7.82 - 7.86 (m, 1H), 7.77 - 7.82 (m, 
1H), 7.66 (dd, J=8.2, 1.6 Hz, 1H), 7.60 (d, J=1.9 Hz, 1H), 6.93 (d, 
J=8.2 Hz, 1H), 5.62 (d, J=1.6 Hz, 1H), 4.23 - 4.31 (m, 2H), 3.21 
(s, 3H), 1.27 (t, J=7.3 Hz, 3H) ppm. 13C NMR (125MHz DMSO-
d6):  = 181.18, 179.16, 177.19, 161.63, 142.39, 140.98, 138.66, 
137.87, 135.69, 133.81, 133.38, 132.29, 130.45, 127.76, 126.61, 

126.24, 112.38, 111.36, 111.16, 85.98, 62.69, 50.64, 27.01, 14.31 ppm. IR (ν, cm-1): 3396, 3066, 
2962, 1716, 1679, 1652, 1600, 1575, 1484, 1405, 1337, 1278, 1215, 1143, 1088, 1049, 1021, 
931, 861, 804, 765, 725; HRMS (ESI) Calcd. for C24H17N2O5I+Na+: 563.0074, Found: 563.0068 
.The ee was determined to be 95 % by chiral HPLC analysis (Chiralcel AD-H, 
hexane/isopropanol 90/10, 1.0mL/min, λ= 254 nm): tR ( minor) = 34.6 min, tR (major) = 48.0  
min. [α]25

D = -95.5 (c = 1.0, CHCl3).

ethyl (R)-1',5',7'-trimethyl-2',5,10-trioxo-5,10-dihydro-1H-spiro[benzo[g]quinoline-4,3'-
indoline]-2-carboxylate 5c

General experimental procedure III was followed to prepare the product 5c. The desired product 
was obtained as foamy solid. Yield: 36 mg, 85%. 1H NMR 
(400MHz, CHLOROFORM-d):  = 7.99 - 8.03 (m, 1H), 7.82 - 7.85 
(m, 1H), 7.79 (s, 1H), 7.53-7.61 (m,, 2H), 7.19 (s, 1H), 6.72 - 6.79 
(m, 2H), 5.58 (d, J=1.8 Hz, 1H), 4.22 (m, 4.12-4.26, 2H), 3.54 (s, 
3H), 2.53 (s, 3H), 2.13 (s, 3H), 1.24 (t, 3H) ppm. 13C NMR 
(100MHz, CHLOROFORM-d):  = 181.43, 179.49, 179.06, 
161.61, 140.02, 137.34, 137.06, 134.89, 133.48, 132.70, 132.57, 
130.10, 127.12, 126.59, 126.33, 123.72, 119.45, 113.16, 112.42, 

62.28, 50.45, 30.24, 29.70, 20.69, 18.89, 14.08; IR (ν, cm-1): 3396, 3057, 2922, 2853, 2358, 
1720, 1605, 1467, 1343, 1267, 1175, 1101, 1048, 944, 859, 732 ;HRMS (ESI) Calcd. for 
C26H22N2O5+Na+: 465.1421, Found: 465.1425. The ee was determined to be 82 % by chiral 
HPLC analysis (Chiralcel AD-H, hexane/isopropanol 70/30, 1.0mL/min, λ= 254 nm): tR ( minor) 
= 11.1 min, tR (major) = 14.3  min. [α]25

D = -24.5 (c = 1.0, CHCl3).
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ethyl (R)-7'-fluoro-1'-methyl-2',5,10-trioxo-5,10-dihydro-1H-spiro[benzo[g]quinoline-4,3'-
indoline]-2-carboxylate 5d

General experimental procedure III was followed to prepare the product 5d. The desired product 
was obtained as foamy solid. Yield: 39 mg, 90%. 1H NMR 
(400MHz, CHLOROFORM-d):  = 8.01 - 8.03 (m, 1H), 7.81 - 7.83 
(m, 2H), 7.55 - 7.63 (m, 2H), 7.19 (s, 1H), 6.93 - 7.01 (m, 1H), 6.86 
- 6.89 (m, 2H), 5.59 (d, J=1.8 Hz, 1H), 3.48 - 3.51 (m, 3H), 1.23 - 
1.26  (t, 3H) ppm. 13C NMR (100MHz, CHLOROFORM-d): = 
181.3, 179.28, 178.00, 161.38, 147.5 (d, J = 243 Hz, C-F) , 140.06, 
135.04, 132.87, 132.56, 130.04, 129.61, 126.55, 126.45, 123.58 (d, J 

= 7.8 Hz, C-F) , 120.65, 120.62,  117.11 (d, J = 24 Hz, C-F) , 112.05, 111.88, 62.45, 29.42, 
29.37, 14.07; IR (ν, cm-1): 3395, 2927, 2862, 1720, 1683, 1651, 1633, 1602, 1483, 1339, 1276, 
1239, 1171, 1119, 1070, 1011, 943, 866, 786, 728 ; HRMS (ESI) Calcd. for C24H17FN2O5+Na+: 
455.1014, Found: 455.1023. The ee was determined to be 97 % by chiral HPLC analysis 
(Chiralcel AD-H, hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): tR ( minor) = 14.3 min, tR 
(major) = 17.9 min. [α]25

D = -58.5 (c = 1.0, CHCl3).

ethyl (R)-5'-chloro-1'-methyl-2',5,10-trioxo-5,10-dihydro-1H-spiro[benzo[g]quinoline-4,3'-
indoline]-2-carboxylate 5e

General experimental procedure III was followed to prepare the product 5e. The desired product 
was obtained as foamy solid. Yield: 31 mg, 82%. 1H NMR 
(500MHz, DMSO-d6):  = 8.04 - 8.06 (m, 2H), 7.78 - 7.85 (m, 3H), 
7.38 (s, 1H), 7.35 - 7.37 (m, 1H), 7.07 - 7.12 (m, 1H), 5.62 (d, 
J=1.6 Hz, 1H), 4.24 - 4.31 (m, 2H), 3.23 (s, 3H), 1.26  (s, 3H) ppm. 
13C NMR (125MHz, DMSO-d6):  = 181.18, 179.17, 177.48, 
161.61, 141.50, 141.0, 138.05, 135.71, 133.83, 132.29, 130.43, 
129.17, 127.84, 127.03, 126.61, 126.24, 125.42, 112.27, 111.12, 

110.29, 62.69, 50.87, 27.11, 14.30 ppm. IR (ν, cm-1): 3672, 3398, 3052, 2926, 2857, 2359, 1720, 
1651, 1605, 1488, 1464, 1345, 1270, 1221, 1129, 1055, 1030, 902, 817, 731, 701; HRMS (ESI) 
Calcd. for C24H17ClN2O5+Na+: 471.0718, Found: 471.0709. The ee was determined to be 97 % 
by chiral HPLC analysis (Chiralcel AD-H, hexane/isopropanol 80/20, 1.0mL/min, λ= 254 nm): 
tR ( minor) = 22.8 min, tR (major) = 29.9  min. [α]25

D = -33.5 (c = 1.0, CHCl3).
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2. 1H NMR and 13C NMR spectra for new compounds compound 1b
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1H and 13C NMR of compound 1c
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1H and 13C NMR of compound 1d
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1H and 13C NMR of compound 1e
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1H and 13C NMR of compound 1f
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1H and 13C NMR of compound 1g
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1H and 13C NMR of compound 1h
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1H and 13C NMR of compound 1i

N

CO2Et

O

O

MeO

1i

N

CO2Et

O

O

MeO

1i



S26

1H and 13C NMR of compound 1j
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1H and 13C NMR of 1k
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1H and 13C NMR of compound 1l
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1H and 13C NMR of compound 1m
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1H and 13C NMR of compound 3a
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1H and 13C NMR of compound 3b

N

O

Bn

O
O

O

O

O

OH

3b

N

O

Bn

O
O

O

O

O

OH

3b



S32

1H and 13C NMR of compound 3c
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1H and 13C NMR of compound 3d
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1H and 13C NMR of compound 3e
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1H and 13C NMR of compound 3f

N

O

O
O

O

O

O

Cl

OH

3f

N

O

O
O

O

O

O

Cl

OH

3f



S36

1H and 13C NMR of compound 3g

N

O

O
O

O

O

O

Br

OH

3g

N

O

O
O

O

O

O

Br

OH

3g



S37

1H and 13C NMR of compound 3h
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1H and 13C NMR of compound 3i
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1H and 13C NMR of compound 3j 
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1H and 13C NMR of  compound 3k
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1H and 13C NMR of compound 3l
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1H and 13C NMR of compound 3m
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1H and 13C NMR of compound 5a
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1H and 13C NMR of Compound 5b
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1H and 13C NMR of compound 5c
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1H and 13C NMR of compound 5d
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1H and 13C NMR of compound 5e
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3. HPLC profile for catalyst screening
HPLC profile for racemic compound 3a

HPLC profile for table 1, entry 1

Catalyst 4a
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HPLC profile for table 1, entry 2

Catalyst 4b

HPLC profile for table 1, entry 3

Catalyst 4c
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HPLC profile for table 1, entry 4

Catalyst 4d

HPLC profile for table 1, entry 5

Catalyst 4e
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HPLC profile for table 1, entry 6

Catalyst 4f

HPLC profile for table 1, entry 7

Catalyst 4g
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HPLC profile for table 1, entry 9

Catalyst 4i

HPLC profile for table 1, entry 10

Catalyst 4j
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HPLC profile for table 1, entry 11

Catalyst 4k

HPLC profile for table 1, entry 12

Catalyst 4l
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HPLC profile for table 1, entry 13

Catalyst 4m

HPLC profile for table 1, entry 14

Catalyst 4n
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4. HPLC profile for the substrates
HPLC profile for table 3, entry 1
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HPLC profile for table 3, entry 2
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HPLC profile for table 3, entry 3

N

O

O
OH
O

O

O

O

3c

N

O

O
OH
O

O

O

O

3c



S58

HPLC profile for table 3, entry 4
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HPLC profile for table 3, entry 5
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HPLC profile for table 3, entry 6
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HPLC profile for table 3, entry 7
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HPLC profile for table 3, entry 8
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HPLC profile for table 3, entry 9
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HPLC profile for table 3, entry 10
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HPLC profile for table 3, entry 11
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HPLC profile for table 3, entry 12
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HPLC profile for table 3, entry 13
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HPLC profile for table 4, entry 1

N

H
N

O

O

O

CO2Et

5a

N

H
N

O

O

O

CO2Et

5a



S69

HPLC profile for table 4, entry 2
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HPLC profile for table 4, entry 3
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HPLC profile for table 4, entry 4
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HPLC profile for table 4, entry 5
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HPLC profile for large scale: compound 3a

NO

O
OH
O

O

O

O

3a

NO

O
OH
O

O

O

O

3a


