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Materials and Methods 

 

Unless otherwise stated, reactions were performed in oven-dried glassware fitted with 

rubber septa under an inert atmosphere and were stirred with Teflon-coated magnetic 

stirring bars. Liquid reagents and solvents were transferred via syringe using standard 

Schlenk techniques. Tetrahydrofuran (THF) and diethyl ether (Et2O) were distilled over 

sodium/benzophenone ketyl. Dichloromethane (CH2Cl2), toluene, and benzene were 

distilled over calcium hydride. All other solvents and reagents were used as received 

unless otherwise noted. Reaction temperatures above 23 °C refer to oil bath temperature. 

Thin layer chromatography was performed using silica gel 60 F-254 precoated plates 

(0.25 mm) and visualized by UV irradiation, anisaldehyde stain and other stains. Silica 

gel of particle size 100-200 mesh was used for flash chromatography. Melting points 

were recorded on a digital melting point apparatus and are uncorrected. 
1
H and 

13
C NMR 

spectra were recorded 400, 500 MHz spectrometers with 
13

C operating frequencies of 

100, 125 MHz respectively. Chemical shifts (δ) are reported in ppm relative to the 

residual solvent (CDCl3) signal (δ = 7.26 for 
1
H NMR and δ = 77.0 for 

13
C NMR). Data 

for 
1
H NMR spectra are reported as follows: chemical shift (multiplicity, coupling 

constants, and number of hydrogen). Abbreviations are as follows: s (singlet), d 

(doublet), t (triplet), q (quartet), m (multiplet), br (broad). IR spectra were recorded on a 

FT-IR system (Spectrum BX) and are reported in frequency of absorption (cm
-1

). Only 

selected IR absorbencies are reported. High-Resolution Mass Spectrometry (HRMS) and 

Low-Resolution Mass Spectrometry (LRMS) data were recorded on MicrOTOF-Q-II 

mass spectrometer using methanol as solvent. Optical rotations were measured on an 

Autopol I automatic polarimeter. Enantiomeric excess was determined by chiral HPLC 

analysis performed on HPLC system with Daicel Chiralpak AD-H, Chiralpak OD-3, 

Chiralpak OZ-3 and Chiralpak IB, Chiralpak ID-3, columns.  

 

Compounds 13b-c, 14 and 15a-b were synthesized as per literature known protocol.
1
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Synthetic preparation of compound 14: To the solution of 5-bromoisatin (750 mg, 3.3 

mmol, 1.0 equiv) in toluene (30 mL) under nitrogen atmosphere at 25 ºC was added 

ethylene glycol (3.6 mL, 62.4 mmol, 19.0 equiv) and p-toluenesulphonic acid (28.5 mg, 

0.2 mmol, 0.05 equiv). Then the reaction mixture was placed over a pre heated oil bath 

maintaining temperature 110 ºC and stirring was continued for 4 h. Upon completion of 

starting material (judged by TLC analysis under UV light and I2 stain), reaction mixture 

was cooled down to room temperature to dryness and residue was diluted with 

dichloromethane (10 mL) and washed with saturated sodium bicarbonate solution (5 mL). 

Then the organic compound was extracted with dichloromethane (10 mL X 3). The 

combined organic layers were dried over anhydrous sodium sulphate and concentrated 

under reduced pressure. The crude product was purified through column chromatography 

using 30-40% (EtOAc/Hexane) as eluent to afford the desired product. 

 

 

3-(5-Bromo-1H-indol-3-yl)-3-hydroxyindolin-2-one:
1
 Compound 14 was obtained as 

colorless solid. (3.3 mmol scale of reaction, 812 mg of product, 91% yield); Rf = 0.60 

(50% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H), 7.47 (m, 1H), 7.43 

- 7.41 (m, 1H), 6.72 (d, J = 8.3 Hz, 1H), 4.56 - 4.52 (m, 2H), 4.33 - 4.30 (m, 2H). 
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General procedure for the synthesis of compound 15a-b:
1
 To a solution of 14 (1.0 

equiv) in ethylene glycol dimethyl ether (4 mL) under nitrogen atmosphere at 25 ºC was 

added dichloro bis(triphenylphosphine)palladium(II) (0.03 equiv.). After 15 minutes 

stirring, phenylboronic acid (1.5 equiv), sodium bicarbonate (3.0 equiv), and water (4 

mL) was added simultaneously. Then the reaction mixture was placed over a pre heated 

oil bath maintaining temperature 120 ºC and stirring was continued for 2 h. Upon 

completion of starting material (judged by TLC analysis under UV light and I2 stain), the 

reaction mixture was cooled down to 25 ºC and. evaporated to dryness and residue was 

diluted with dichloromethane (20 mL) and washed with 10% sodium hydroxide solution 

(15 mL). The aqueous layer was extracted with dichloromethane (10 mL X 3). The 

combined organic layers were dried over anhydrous sodium sulphate and concentrated 

under reduced pressure. The crude product was purified through column chromatography 

using 30-40% (EtOAc/Hexane) as eluent to afford the desired product. 

 

 

5'-Phenylspiro[[1,3]dioxolane-2,3'-indolin]-2'-one:
1
 Compound 15a was obtained as 

colorless solid (3.4 mmol scale of reaction, 720 mg of product, 80% yield); Rf = 0.55 

(50% EtOAc in hexane); 
1
H NMR (500 MHz, 0.5 mL CDCl3) δ 8.41 (brs, 1H), 7.59 - 

7.58 (m, 1H), 7.53 - 7.50 (m, 3H), 7.42 - 7.39 (m, 2H), 7.33 - 7.30 (m, 1H), 6.88 (d, J = 

8.1 Hz, 1H), 4.60 - 4.58 (m, 2H), 4.36 - 4.34 (m, 2H). 

 

 

5'-(3-Methoxyphenyl)spiro[[1,3]dioxolane-2,3'-indolin]-2'-one:
1
 Compound 15b was 

obtained as colorless solid (3.3 mmol scale of reaction, 590 mg of product, 60% yield); Rf 

= 0.56 (50% EtOAc in hexane); 1
H NMR (400 MHz, Chloroform-d) δ 8.67 (brs, 1H), 

7.57 (d, J = 1.8 Hz, 1H), 7.50 (dd, J = 8.1, 1.9 Hz, 1H), 7.31 (t, J = 7.9 Hz, 1H), 7.11 - 
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7.05 (m, 2H), 6.88 - 6.84 (m, 2H), 4.60 - 4.57 (m, 2H), 4.36 - 4.33 (m, 2H), 3.84 (s, 3H); 

13
C NMR (120 MHz, CDCl3) δ 175.8, 159.9, 141.9, 141.3, 136.7, 136.5, 129.8, 124.9, 

124.1, 119.4, 112.6, 112.5, 111.0, 102.5, 65.9, 55.3; MP 150 - 152 ºC. 

 

 

 

General procedure for the synthesis of compound 13b-c:
1
 To the compound of 15 (1.0 

equiv) in methanol (9 mL) at 25 ºC was added conc. HCl (4 mL). Then the reaction 

mixture was placed over a pre heated oil bath maintaining temperature 70 ºC for 5 h. 

Upon completion of starting material (judged by TLC analysis under UV light and 

cerium ammonium molybdate stain), the reaction mixture was evaporated to dryness. The 

residue was diluted with dichloromethane and washed with saturated sodium bicarbonate 

solution. Then the organic compound was extracted with dichloromethane (10 mL X 3). 

Then the combined organic layers were dried over anhydrous sodium sulphate and 

concentrated under reduced pressure. The crude product was purified through column 

chromatography using 35-45% (EtOAc/Hexane) as eluent to afford the desired product. 

 

 

5-Phenylindoline-2,3-dione: Compound 13b was obtained as colourless solid. (2.2 mmol 

scale of reaction; 400 mg of product; 80% yield; Rf = 0.50 (50% EtOAc in hexane);
 1

H 

NMR (400 MHz, DMSO) δ 10.38 (s, 1H), 7.77 - 7.75 (m, 1H), 7.7 (dd, J = 8.1, 2.0 Hz, 

1H), 7.51 - 7.48 (m, 2H), 7.45 - 7.36 (m, 2H), 7.37 - 7.32 (m, 1H), 2.27(DMSO). 
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General procedure for the synthesis of 3-Hydroxy-3-indolyl-2-oxindole ()-5a-e: In a 

round-bottom flask was charged with isatin (1.0 equiv) in MeOH (60 mL) under nitrogen 

atmosphere at 25 ºC indole (1.2 equiv) and KOH (0.2 equiv) were added successively. 

Then the reaction mixture was then allowed to stir for 4 - 6 h. Upon completion of 

starting material (judged by TLC analysis under UV light and I2 stain), the reaction 

mixture was quenched with water (60 mL) and organic compound was extracted with 

ethyl acetate (2 X 80 mL). The combined organic layers were dried over anhydrous 

sodium sulphate and concentrated under reduced pressure. The crude product was 

purified through column chromatography using hexane-EtOAc as eluent to afford the 

desired product. 

 

 

3-Hydroxy-3-(1H-indol-3-yl)indolin-2-one:
2
 Compound (±)-5a was obtained as a 

colorless solid (13.6 mmol scale of reaction, 3.2 g of product, 88% yield); Rf = 0.30 (50% 

EtOAc in hexane);
 1

H NMR (400 MHz, DMSO) δ 10.94 (s, 1H), 10.32 (s, 1H), 7.31 - 

7.28 (m, 2H), 7.24 - 7.19 (m, 2H), 7.06 (s, 1H), 7.00 (t, J = 7.5 Hz, 1H), 6.94 - 6.88 (m, 

2H), 6.83 (t, J = 7.4 Hz, 1H), 6.37 (s, 1H), 3.68 (Water); IR (film) υmax 3428, 2839, 2115, 

1650, 1470, 1337, 1226, 1185, 1105, 940, 751 cm
-1

; MP 350-352 ºC. 

 

 

3-(5-Bromo-1H-indol-3-yl)-3-hydroxyindolin-2-one: Compound ()-5b was obtained 

as a colorless solid (6.8 mmol scale of reaction, 1.95 g of product, 84% yield); Rf = 0.30 

(50% EtOAc in hexane); 1
H NMR (500 MHz, DMSO) δ 11.22 (s, 1H), 10.41 (s, 1H), 

7.75 (s, 1H), 7.36 (d, J = 8.4 Hz, 1H), 7.32 - 7.28 (m, 2H), 7.21 (d, J = 8.2 Hz, 1H), 7.05 - 



Supporting Information 7 

 

 S7 

7.01 (m, 2H), 6.97 (d, J = 7.4 Hz, 1H), 6.55 (s, 1H); 13
C NMR (125 MHz, DMSO) δ 

178.8, 142.1, 136.0, 133.3, 129.8, 127.4, 125.6, 125.3, 124.2, 123.6, 122.4, 115.7, 114.1, 

111.8, 110.3, 75.2; IR (film) 3420, 1792, 1644, 1469, 1245, 1170, 815, 697 cm
-1

; MP 

190 - 192 ºC. 

 

 

3-Hydroxy-3-(5-methoxy-1H-indol-3-yl)indolin-2-one: Compound ()-5c was obtained 

as a colorless solid. (6.5 mmol scale of reaction, 1.7 g of product, 89% yield); Rf = 3.1 

(50% EtOAc in hexane); 
1
H NMR (400 MHz, 0.5 mL CDCl3, 0.1 mL DMSO-D6) δ 9.64 

(s, 1H), 9.54 (s, 1H), 7.17 (d, J = 6.9 Hz, 1H), 7.01 - 6.96 (m, 2H), 6.86 - 6.82 (m, 2H), 

6.76 (t, J = 7.2 Hz, 1H), 6.69 (d, J = 7.4 Hz, 1H), 6.51 (d, J = 8.6 Hz, 1H), 5.49 (s, 1H), 

3.49 (s, 3H), 2.69 (s, 1H); 
13

C NMR (100 MHz, 0.5 mL CDCl3, 0.1 mL DMSO-D6) δ 

179.3, 153.4, 141.4, 132.8, 132.2, 129.1, 125.4, 124.9, 124.3, 122.1, 114.8, 112.0, 111.6, 

110.0, 102.5, 75.6, 55.5; IR (film) υmax 3416, 2861, 2832, 2106, 1792, 1704, 1622, 1469, 

1071, 904, 751 cm
-1

; MP 194 - 196 ºC. 

 

 

3-(6-bromo-1H-indol-3-yl)-3-hydroxyindolin-2-one: Compound ()-5d was obtained 

as a colorless solid. (6.8 mmol scale of reaction, 2.05 g of product, 88% yield); Rf = 2.5 

(50% EtOAc in hexane); 
1
H NMR (400 MHz, DMSO-D6) δ 11.14 (s, 1H), 10.38 (s, 1H), 

7.57 (s, 1H), 7.44 (d, J = 8.6 Hz, 1H), 7.29 – 7.25 (m, 2H), 7.08 - 7.07 (m, 2H), 7.01 – 

6.98 (m, 1H), 6.94 (d, J = 7.2 Hz, 1H), 6.49 (s, 1H); 
13

C NMR (100 MHz, DMSO-D6) δ 

178.8, 142.1, 138.2, 133.5, 129.7, 125.2, 125.1, 124.6, 122.8, 122.3, 122.0, 116.3, 114.6, 

114.5, 110.3, 75.2, 75.2; IR (film) υmax 3500, 2950, 2800, 2520, 1802, 1706, 1602, 1499, 

1001, 984, 721 cm
-1

; MP >260 ºC. 
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3-hydroxy-3-(7-iodo-1H-indol-3-yl)indolin-2-one: Compound ()-5e was obtained as a 

colorless solid. (6.5 mmol scale of reaction, 2.02 g of product, 80% yield); Rf = 2.9 (50% 

EtOAc in hexane); 
1
H NMR (400 MHz, DMSO-D6) δ 10.9 (s, 1H), 10.40 (s, 1H), 7.48 – 

7.42 (m, 2H), 7.29 – 7.24 (m, 2H), 7.07 (s, 1H), 7.99 – 6.93 (m, 2H), 6.74 (s, 1H), 6.47 

(s, 1H); 
13

C NMR (100 MHz, DMSO-D6) δ 178.6, 142.1, 138.9, 133.5, 130.6, 129.7, 

125.9, 125.2, 124.8, 122.3, 121.0, 117.4, 110.2, 77.4, 75.5; IR (film) υmax 3560, 2960, 

2852, 2116, 1709, 1662, 1409, 1001, 924, 701 cm
-1

; MP >260 ºC. 

 

 

 

General procedure for the synthesis of 3-Hydroxy-3-indolyl-2-oxindole (±)-5f-g: In a 

round bottom flask was charged with isatin (1.0 equiv) in MeOH (60 mL) under nitrogen 

atmosphere at 25 ºC indole (1.2 equiv) and KOH (0.2 equiv) were added successively. 

Then the reaction mixture was then allowed to stir for 5-6 h. Upon completion of starting 

material (judged by TLC analysis under UV light and I2 stain), the reaction mixture was 

quenched with water (60 mL) and organic compound was extracted with ethyl acetate (2 

X 80 mL). The combined organic layers were dried over anhydrous sodium sulphate and 

concentrated under reduced pressure. The crude product was purified through column 

chromatography using hexane-EtOAc as eluent to afford the desired product. 
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5-Bromo-3-hydroxy-3-(1H-indol-3-yl)indolin-2-one: Compound ()-5f was obtained as 

a colorless solid. (3.3 mmol scale of reaction, 1.0 g of product, 84% yield); Rf = 3.2 (50% 

EtOAc in hexane); 1H NMR (500 MHz, DMSO) δ 11.06 (s, 1H), 10.58 (s, 1H), 7.46 (d, J 

= 7.3 Hz, 1H), 7.38 (m, 3H), 7.19 (s, 1H), 7.08 (d, J = 12.6 Hz, 1H), 6.95 - 6.93 (m, 2H), 

6.66 (s, 1H), (Water);
 13

C NMR (125 MHz, DMSO) δ 178.5, 141.4, 137.3, 136.3, 132.3, 

127.9, 125.1, 124.1, 121.8, 120.4, 119.3, 115.1, 114.0, 112.4, 112.2, 75.3; IR (film) υmax 

3416, 1792, 1644, 1492, 1335, 1247, 1177, 1121, 815, 715 cm
-1

; MP 310 - 312 ºC. 

 

 

3-Hydroxy-3-(1H-indol-3-yl)-5,7-dimethylindolin-2-one: Compound ()-5g was 

obtained as a colorless solid (3.9 mmol scale of reaction, 1.0 g of product, 90% yield); Rf 

= 0.55 (50% EtOAc in hexane); 
1
H NMR (500 MHz, 0.5 mL CDCl3, 0.1 mL DMSO-D6) 

δ 10.93 (s, 1H), 10.53 (s, 1H), 7.32 (dd, J = 47.6, 8.2 Hz, 2H), 7.02 (t, J = 7.6 Hz, 1H), 

6.86 - 6.79 (m, 3H), 3.38 (s, 3H), 2.23 (d, J = 67.2 Hz, 3H); 
13

C NMR (125 MHz, 

DMSO-D6) δ 179.7, 137.9, 137.4, 134.7, 130.5, 129.9, 126.2, 124.8, 123.3, 121.4, 121.3, 

118.9, 118.6, 115.1, 112.0, 55.4, 21.2, 1;  IR (film) υmax 3387, 3304, 2924, 2852, 1735, 

1701, 1624, 1544, 1465, 1286, 1099, 740, 617 cm
-1

; MP 210 - 212 ºC. 

 

 

 

General procedure for the synthesis of 3-Hydroxy-3-indolyl-2-oxindoles (±)-5h-j is 

like synthesis of (±)-5f-g. 
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3-Hydroxy-3-(1H-indol-3-yl)-5-phenylindolin-2-one: Compound ()-5h was obtained 

as a colorless solid (3.5 mmol scale of reaction, 930 mg of product, 78% yield); Rf = 3.2 

(50% EtOAc in hexane); 1H NMR (400 MHz, DMSO-D6) δ 10.96 (s, 1H), 10.42 (s, 1H), 

7.55 - 7.47 (m, 3H), 7.41 - 7.22 (m, 5H), 7.01 (s, 1H), 7.01 - 6.82 (m, 3H), 6.41 (s, 1H), 

3.32 (Water);
 13

C NMR (125 MHz, DMSO-D6) δ 178.9, 141.7, 140.6, 137.2, 134.6, 

134.3, 129.4 (2C), 127.9, 127.2, 126.5 (2C), 125.3, 124.1, 123.4, 121.5, 120.7, 118.9, 

115.7, 111.9, 110.5, 75.5; IR (film) υmax 3415, 3387, 2922, 2850, 2357, 1714, 1624, 

1389, 1172, 744, 694 cm
-1

; MP  > 300 ºC. 

 

 

3-Hydroxy-3-(1H-indol-3-yl)-5-(3-methoxyphenyl)indolin-2-one: Compound ()-5i 

was obtained as an orange solid (2.0 mmol scale of reaction, 555 mg of product, 75% 

yield); Rf = 3.3 (50% EtOAc in hexane); 1H NMR (400 MHz, DMSO-D6) δ 10.96 (s,1H), 

10.42 (s, 1H), 7.55 (d, J = 8.1 MHz, 1H), 7.49 (s, 1H), 7.42 (d, J = 8.1 MHz, 1H), 7.32 - 

7.25 (m, 2H), 7.09 - 7.06 (m, 2H), 7.02 - 6.95 (m, 3H), 6.87 - 6.81 (m, 2H), 6.41 (s, 1H), 

3.75 (s, 3H), 3.33 (Water);
 13

C NMR (125 MHz, DMSO-D6) δ 183.7, 164.9, 146.8, 

146.6, 142.0, 139.3, 138.9, 135.1, 132.8, 130.1, 128.4, 128.2, 126.3, 125.5, 123.7, 123.6, 

120.5, 117.6, 116.7, 116.6, 115.2, 80.2, 60.3; IR (film) υmax 3388, 2926, 2355, 1712, 

1641, 1624, 1579, 1477, 1392, 1165, 1082, 821, 740 cm
-1

; MP > 300 ºC. 

 

Compound ()-5j was prepared as per literature report.
3 
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Compound ()-9a
4 
and compounds ()-9b-d

5
 were synthesized as per literature reports.

 

 

 

Synthetic procedure for the compound ()-5k: In an oven-dried round bottom flask 

was charged with oxindole ()-5a (1 g; 3.8 mmol; 1.0 equiv) in dichloromethane (15 mL) 

under nitrogen atmosphere at 25 ºC Lewis acid (0.38 mmol, 10 mol %) and MeOH (765 

µl; 18.9 mmol, 5.0 equiv) was added. Then the reaction mixture was allowed to stir for 

12 h. Upon completion of starting material (judged by TLC analysis under UV light and 

I2 stain), the reaction mixture was quenched with water (20 mL) and organic compound 

was extracted with ethyl acetate (2 X 30 mL). The combined organic layers were dried 

over anhydrous sodium sulphate and concentrated under reduced pressure. The crude 

product was purified through column chromatography using 25-40% (EtOAc/Hexane) as 

eluent to afford the desired product. 

 

 

3-(1H-Indol-3-yl)-3-methoxyindolin-2-one: Compound ()-5k was obtained as an 

orange solid (3.0 mmol scale of reaction, 760 mg of product, 92% yield); Rf = 3.3 (50% 

EtOAc in hexane);
 1

H NMR (400 MHz, DMSO-d6) δ 11.08 (s, 1H), 10.58 (s, 1H), 7.58 

(d, J = 8.0 Hz, 1H), 7.34 (dd, J = 13.9, 7.6 Hz, 3H), 7.06 (q, J = 8.1 Hz, 2H), 6.97 - 6.92 

(m, 3H), 3.43 (Water), 3.15 (s, 3H); 
13

C NMR (101 MHz, DMSO-d6) δ 176.4, 142.8, 

137.2, 130.3, 128.8, 125.7, 125.5, 124.8, 122.4, 121.8, 121.4, 119.2, 113.2, 112.0, 110.5, 
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81.7, 52.3; IR (film) υmax 3338, 2956, 2354, 1710, 1621, 1616, 1569, 1470, 1292, 1105, 

1012, 921, 750 cm
-1

. 

 

 

Synthetic procedure for the compound ()-5l: In an oven-dried round bottom flask was 

charged with isatin (1g; 6.8 mmol; 1.0 equiv) in methyl tert-butyl ether (15 mL) under 

nitrogen atmosphere at 25 ºC. To this solution, sesamol (8.2 mmol, 1.2 equiv) and Et3N 

(1.3 mmol, 20 mol%) was added sequentially and the reaction mixture was allowed to stir 

for 15 h. Upon completion of starting material (judged by TLC analysis), the reaction 

mixture was quenched with water (20 mL) and organic compound was extracted with 

ethyl acetate (2 X 30 mL). Then the combined organic layers were dried over anhydrous 

sodium sulphate and concentrated under reduced pressure. This crude product was used 

for next step without purification.  

 

To the crude product of 3-hydroxy 2-oxindoles (~6.3 mmol; 1.0 equiv) in 

dichloromethane (30 mL) under nitrogen atmosphere at 25 ºC Lewis acid (~0.63 mmol, 

10 mol %) and MeOH (~31.5 mmol, 5.0 equiv) was added. Then the reaction mixture 

was allowed to stir for 12 h. Upon completion of starting material (judged by TLC 

analysis under UV light and I2 stain), the reaction mixture was quenched with water (30 

mL) and organic compound was extracted with ethyl acetate (2 X 40 mL).  The combined 

organic layers were dried over anhydrous sodium sulphate and concentrated under 

reduced pressure. The crude product was purified through column chromatography using 

30-40% (EtOAc/Hexane) as eluent to afford the desired product. 
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3-(6-Hydroxybenzo[d][1,3]dioxol-5-yl)-3-methoxyindolin-2-one: Compound ()-5l 

was obtained as orange solid (6.8 mmol scale of reaction, 1.7 g of product, 86% yield 

over two steps); Rf = 3.3 (50% EtOAc in hexane); 1
H NMR (500 MHz, DMSO-d6) δ 

10.50 (s, 1H), 9.19 (s, 1H), 7.21 (ddd, J = 7.8, 5.9, 3.0 Hz, 1H), 7.16 (s, 1H), 6.91 - 6.89 

(m, 2H), 6.84 (d, J = 7.7 Hz, 1H), 6.27 (s, 1H), 5.93 (d, J = 8.6 Hz, 2H), 3.46 (Water), 

3.04 (s, 3H);
 13

C NMR (125 MHz, DMSO-d6) δ 176.3, 148.9, 147.2, 144.2, 140.0, 129.8, 

128.7, 124.8, 122.1, 118.8, 109.7, 106.9, 101.2, 98.0, 81.0, 51.4; IR (film) υmax 3382, 

2916, 2255, 1722, 1631, 1614, 1568, 1452, 1390, 1105, 1002, 911, 720 cm
-1

. 

 

 

General procedure for the synthesis of ()-4a-t: 3-Hydroxy 2-oxindoles (0.38 mmol; 

1.0 equiv) was taken in dry dichloromethane (2 mL) under nitrogen atmosphere and 10 

mol % Cu(OTf)2 was added to this at room temperature under argon atmosphere. After 5 

minutes stirring at room temperature, malonate (3 equiv) was added drop-wise over a 

period of 5 minutes. Then the reaction mixture was allowed to stir for 9 h. Upon 

completion of starting material (judged by TLC analysis under UV light and I2 stain), the 

crude mixture was concentrated under reduced pressure and product was purified by 

column chromatography by using 25-40% (EtOAc/Hexane) as eluent to afford the 

desired products. 

 

Table. Optimization of enantioselective malonate addition of (±)-5a with 

diethylmalonate.
a,b
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entry catalyst ligand solvent temp. time % yield % ee 

1 Cu(OTf)2 12 mol% L1 CH2Cl2 25 ºC 12 h 79% 52% 

2 Cu(OTf)2 12 mol% L2 CH2Cl2 25 ºC 13 h 80% 38% 

3 Cu(OTf)2 12 mol% L3 CH2Cl2 25 ºC 12 h 81% 51% 

4 Cu(OTf)2 12 mol% L4 CH2Cl2 25 ºC 13 h 84% 72% 

5 Cu(OTf)2 12 mol% L4 CH2Cl2 0 ºC 16 h 83% 82% 

6 Cu(OTf)2 20 mol% L4 CH2Cl2 0 ºC 15 h 84% 92% 

7 Cu(OTf)2 10 mol% L4 CH2Cl2 0 ºC 17 h 75% 80% 

8
c
 Cu(OTf)2 20 mol% L4 CH2Cl2 0 ºC 16 h 79% 86% 

9 Cu(OTf)2 20 mol% L4 CH2Cl2 -5 ºC 16 h 75% 88% 

10 Cu(OTf)2 20 mol% L4 CH2Cl2 -5 ºC 28 h 83% 94% 

11 Cu(OTf)2 20 mol% L4 CH2Cl2 -10 ºC 45 h 69% 88% 

12 Cu(OTf)2 20 mol% L4 CH2Cl2 -15 ºC 21 h 70% 75% 

13 Cu(OTf)2 20 mol% L4 CH2Cl2 0 - 25 ºC 12 h 85% 82% 

14 Cu(OTf)2 20 mol% L4 PhMe 0 ºC 12 h 75% 71% 

15 Cu(OTf)2 20 mol% L4 THF 0 ºC 6 h 83% 14% 

16 Cu(OTf)2 20 mol% L4 CHCl3 0 ºC 9 h 55% 61% 

17 Cu(OTf)2 20 mol% L4 (CH2Cl)2 0 ºC 20 h 55% 22% 

18 Cu(OTf)2 20 mol% L4 DCB
e
 0 ºC 15 h 85% 59% 

19 Cu(OTf)2 20 mol% L5 CH2Cl2 0 ºC 19 h 78% 24% 
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20 Cu(OTf)2 20 mol% L6 CH2Cl2 0 ºC 19 h 72% 39% 

21 Cu(OTf)2 20 mol% L7 CH2Cl2 0 ºC 17 h 80% 40% 

22 In(OTf)3 20 mol% L4 CH2Cl2 0 ºC 15 h 20% 00% 

23 Cu(OTf).P

hMe 

12 mol% L4 CH2Cl2 0 ºC 17 h 82% 77% 

24 Cu(OTf).P

hMe 

20 mol%  CH2Cl2 0 ºC 16 h 86% 83% 

 

a
All the reactions were carried out on a 0.08 mmol of 5a, 0.23 mmol of dialkylmalonate in 3 mL 

of dichloromethane at 0 ºC. 
b
Isolated yields after column chromatography. 

c
Reactions were 

carried out on a 0.08 mmol of 5a, 0.16 mmol of dialkylmalonate in 3 mL of dichloromethane at 0 

ºC. 

 
 
General procedure for the synthesis of enantioseletive compounds: (R)-4a-s, (+)-4t: 

An oven dried sample vial was charged with Lewis acid (0.1 equiv) and ligand (0.2 

equiv) in dichloromethane (4 mL) at 25 ºC under nitrogen atmosphere. The reaction 

mixture was stirred for 30 minutes to make the complex. After that the reaction vessel 

was cooled to 0 ºC and malonate (3.0 equiv) was added to the mixture and stirring was 

continued for 15 minutes maintaining temperature 0 ºC. Then, a solution of 3-hydroxy 2-

oxindole in dichloromethane (0.5 mL) was added slowly to the reaction mixture. Then 

the reaction mixture was allowed to stir for respective times at 0 ºC for condition A and -

5 ºC for condition B. After complete consumption of starting material (as judged by 

running TLC), the crude mixture was concentrated under reduced pressure and purified 

by column chromatography by using 30-40% EtOAc-hexane mixture as eluent to afford 

the desired compound. 

 

 

Diethyl (R)-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound (R)-4a was 

obtained as yellow solid (0.08 mmol scale of reaction, 26 mg of product, 80% yield); Rf = 

0.50 (50% EtOAc in hexane);
 1

H NMR (400 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) δ 

9.63 (brs, 1H), 9.49 (brs, 1H), 7.80 (d, J = 7.2 Hz, 1H), 7.63 (d, J = 7.7 Hz, 1H), 7.10 (t, J 
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= 8.3 Hz, 2H), 6.91 - 6.80 (m, 3H), 6.76 (d, J = 7.7 Hz, 1H), 6.51 - 6.50 (m, 1H), 4.99 (s, 

1H), 3.77 - 3.66 (m, 4H), 0.76 (t, J = 14.2 Hz, 3H), 0.62 (t, J = 14.2 Hz, 3H); 
13

C NMR 

(100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) δ 178.4, 167.3, 166.9, 142.5, 136.9, 129.8, 

128.3, 126.9, 124.9, 124.2, 121.7, 121.4, 121.3, 118.8, 111.9, 111.2, 109.5, 61.1, 60.6, 

56.4, 53.4, 13.2, 13.1; IR (film) υmax 3375, 2989, 2359, 1724, 1615, 1265, 1034, 747, 700 

cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for [C19H19N2O5]

+
 407.1601; Found 407.1604; 

MP 170 - 172 ºC; Enantiomeric excess of pure compound was determined via HPLC 

analysis using a Chiralpak ID-3 column; solvent: hexane/2-propanol = 50/50; flow rate: 

1.0 mL/min; detection: at 254 nm): tR minor = 4.88 min, tR major = 5.92 min. [α]D 
23.0

 = 

 (c = 0.18, CH2Cl2 for 94% ee). 

 

 

Dimethyl (R)-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound (R)-4b was 

obtained as a colorless solid (0.08 mmol scale of reaction, 24 mg of product, 82% yield); 

Rf = 0.48 (50% EtOAc in hexane);
 1

H NMR (500 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-

D6) δ 9.25 (s, 1H), 9.18 (s, 1H), 7.87 (d, J = 7.6 Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.20 (t, 

J = 7.1 Hz, 2H), 7.01 (q, J = 8.0 Hz, 2H), 6.95 (d, J = 7.9 Hz, 1H), 6.86 (d, J = 7.8 Hz, 

1H), 6.65 (s, 1H), 5.15 (s, 1H), 3.40 (s, 3H), 3.38 (s, 3H); 
13

C NMR (125 MHz, 0.4 mL 

CDCl3, 0.1 mL DMSO-D6) δ 178.5, 168.0, 167.4, 142.4, 137.1, 129.8, 128.7, 127.1, 

124.9, 124.4, 121.9, 121.7, 121.5, 119.4, 111.9, 111.5, 109.9, 56.5, 53.6, 52.4, 52.2; IR 

(film) υmax 3361, 3059, 2983, 2938, 2308, 1720, 1455, 1316, 1104, 1015, 913, 838, 743 

cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for [C21H19N2O5]

+
 379.1288; Found 379.1309; 

MP 240 - 242 ºC; Enantiomeric excess of pure compound was determined via HPLC 

analysis using a Chiralpak OZ-3 column; solvent: hexane/2-propanol = 70/30; flow rate: 

1.0 mL/min; detection: at 254 nm): tR minor = 11.71 min, tR major = 14.29 min. [α]D 
22.1 

= 

 (c = 0.22, CHCl3 for 89% ee). 
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Diisopropyl (R)-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound (R)-4c 

was obtained as a yellow solid (0.08 mmol scale of reaction, 27 mg of product, 79% 

yield); Rf = 0.52 (50% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3) δ 8.63 (brs, 1H), 

8.15 (brs, 1H), 8.05 (d, J = 6.0 Hz, 1H), 7.92 (d, J = 6.3 Hz, 1H), 7.24 - 7.18 (m, 2H), 

7.06 - 7.05 (m, 3H), 6.84 (m, 1H), 6.53 (s, 1H), 5.16 (s, 1H), 4.71 - 4.70 (m, 2H), 1.01-

0.91 (m, 6H), 0.68 - 0.59 (m, 6H); 
13

C NMR (100 MHz, CDCl3) δ 179.1, 167.1, 166.6, 

141.9, 137.0, 129.9, 128.7, 127.5, 125.1, 124.2, 122.4, 122.3, 122.1, 119.6, 112.8, 111.3, 

109.9, 69.5, 68.6, 56.8, 53.7, 21.3, 21.2, 20.6, 20.6; IR (film) υmax 3340, 2975, 2340, 

2320, 1720, 1620, 1600, 1265, 1005, 1051, 700, 692 cm
-1

; HRMS (ESI) m/z [M + H]
+
 

Calcd for [C25H27N2O5]
+
 435.1914; Found 435.1900; MP 110 - 112 ºC; Enantiomeric 

excess of pure compound was determined via HPLC analysis using a Chiralpak IB 

column; solvent: hexane/2-propanol = 40/30; flow rate: 1.0 mL/min; detection: at 254 

nm): tR minor = 5.45 min, tR major = 6.32 min. [α]D 
23.0 

=  (c = 0.30, CHCl3 for 

89% ee). 

 

 

Ditert-butyl (R)-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound (R)-4d  

was obtained as a colorless solid. (0.08 mmol scale of reaction, 29 mg of product, 79% 

yield);  Rf = 0.56 (50% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3) δ 8.35 (brs, 1H), 

8.11 - 8.02 (m, 3H), 7.28 - 7.25 (m, 2H), 7.12 - 7.04 (m, 3H), 6.88 (d, J = 7.7 Hz, 1H), 

6.55 (s, 1H), 5.08 (s, 1H), 1.05 (s, 9H), 0.99 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 

179.2, 166.8, 166.5, 141.7, 137.1, 130.4, 128.6, 127.7, 125.3, 124.2, 122.90, 122.4, 122.2, 

119.6, 113.4, 111.2, 109.6, 82.6, 81.4, 58.1, 53.8, 27.3, 27.1; IR (film) υmax 3340, 2975, 
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2340, 2320, 1720, 1620, 1600, 1265, 1051, 700, 692 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 

Calcd for [C27H30N2O5+Na]
+
 485.2047; Found 485.2076; MP 138 - 140 ºC; Enantiomeric 

excess of pure compound was determined via HPLC analysis using a Chiralpak OD-3 

column; solvent: hexane/2-propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 

nm): tR minor = 4.78 min, tR major = 6.86 min. [α]D 
23.1 

=  (c = 0.18, CHCl3 for 

77% ee). 

 

 

()-1-Benzyl-3-ethyl-2-(-3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

()-4e was obtained as a yellow solid (0.08 mmol scale of reaction, 31 mg of product, 

83% yield); Rf = 0.56 (50% EtOAc in hexane); 
1
H NMR (400 MHz, DMSO-D6) δ 10.97 

(brs, 1H for major diastereomer + 1H for minor diastereome), 10.47 (brs, 1H for minor 

diastereomer), 10.46 (s, 1H for major diastereomer), 7.76 (d, J = 7.3 Hz, 1H for minor 

diastereomer), 7.71 (d, J = 7.3 Hz, 1H for major diastereomer), 7.53 (d, J = 8.0 Hz, 1H 

for major diastereomer), 7.49 (d, J = 8.1 Hz, 1H for minor diastereomer), 7.36 - 7.22 (m, 

3H for major diastereomer + 3H for minor diastereomer), 7.27 - 7.16 (m, 2H for major 

diastereomer + 2H for minor diastereomer), 7.04 - 6.95 (m, 3H for major diastereomer + 

3H for minor diastereomer), 6.90 - 6.83 (m, 3H for major diastereomer + 3H for minor 

diastereomer), 6.66 (s, 1H for minor diastereomer), 6.63 (s, 1H for major diastereomer), 

5.02 (s, 1H for major diastereomer), 5.01 (s, 1H for minor diastereomer), 4.93 - 4.81 (m, 

2H for major diastereomer + 2H for minor diastereomer ), 4.35 (Water), 3.81 - 3.80 (m, 

2H for major diastereomer + 2H for minor diastereomer ), 0.80 (t, J = 6.9 Hz, 3H for 

major diastereomer), 0.65 (t, J = 6.8 Hz, 3H for for minor diastereomer); 
13

C NMR (100 

MHz, DMSO-D6) δ 178.1, 177.9, 167.4, 167.3, 166.90, 166.87, 143.5, 143.4, 137.4, 

137.3, 135.7, 135.5, 130.2, 130.1, 129.13, 129.11, 128.8, 128.6, 128.5, 128.2, 127.9, 

127.7, 127.2, 127.0, 125.3, 125.2, 124.92, 124.91, 121.8, 121.75, 121.72, 121.67, 121.63 

(2 C), 119.2, 119.0, 112.5, 112.1, 111.9, 111.8, 110.2, 110.1, 66.9, 66.7, 61.7, 61.1, 

56.65, 56.61, 53.5, 53.4, 13.7, 13.6; IR (film) υmax 3700, 3464, 2918, 2352, 1725, 1458, 
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1322, 1241, 1148, 738 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for [C28H24N2O5+Na]

+
 

491.1577; Found 491.1602; MP 190 - 192 ºC; Enantiomeric excess of pure compound 

was determined via HPLC analysis using a Chiralpak AD-H column; solvent: hexane/2-

propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 nm): in case of minor 

diastereomer (tR minor = 9.40 min, tR major = 17.8.54 min. 84% ee), in case of major 

diastereomer (tR minor = 11.88 min, tR major = 22.05 min. 85% ee). [α]D 
22.0 

=  (c 

= 0.26, in CHCl3). 

 

 

Dibenzyl (R)-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound (R)-4f was 

obtained as a yellow solid (0.08 mmol scale of reaction 38 mg of product 90% yield); Rf 

= 0.60 (50% EtOAc in hexane); 
1
H NMR (500 MHz, CDCl3) δ 7.99 (d, J = 7.6 Hz, 1H), 

7.97 (s, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.68 (s, 1H), 7.28 – 7.23 (m, 6H), 7.19 – 7.15 (m, 

3H), 7.09 – 7.04 (m, 4H), 6.86 (d, J = 7.1 Hz, 2H), 6.73 (d, J = 7.7 Hz, 1H), 6.62 (d, J = 

2.7 Hz, 1H), 5.37 (s, 1H), 4.91 (m, 4H); 
13

C NMR (125 MHz, CDCl3) δ 178.0, 167.2, 

166.7, 141.4, 136.9, 135.0, 134.7, 129.4, 128.7, 128.4, 128.2, 128.2, 128.1, 127.9, 127.9, 

127.3, 124.9, 124.3, 122.3, 122.3, 122.0, 120.0, 112.3, 111.4, 109.8, 67.3, 67.0, 56.5, 

53.4; IR (film) υmax 3390, 2928, 2251, 1729, 1621, 1400, 1360, 1311, 1260, 1100, 1022, 

756, 698 cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for [C33H27N2O5]

+
 531.1914; Found 

531.1939; MP 180 - 182 ºC; Enantiomeric excess of pure compound was determined via 

HPLC analysis using a Chiralpak OD-3 column; solvent: hexane/2-propanol = 50/50; 

flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 4.69 min, tR major = 9.21 min. 

[α]D 
21.0 

=  (c = 0.18, MeOH for >99% ee). 
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Diethyl (R)-2-(3-(5-methoxy-1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4g was obtained as a colorless solid (0.08 mmol scale of reaction, 27 mg of product, 

73% yield); Rf = 0.56 (50% EtOAc in hexane);
 
 
1
H NMR (400 MHz, DMSO-D6) δ 10.82 

(s, 1H), 10.46 (s, 1H), 7.76 (d, J = 7.4 Hz, 1H), 7.27 (td, J = 7.7, 0.9 Hz, 1H), 7.16 (d, J = 

8.8 Hz, 1H), 7.01 (t, J = 7.3 Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 6.76 (d, J = 1.8 Hz, 1H), 

6.66 - 6.63 (m, 2H), 4.86 (s, 1H), 3.90- 3.76 (m, 4H), 3.58 (s, 3H), 3.48 (Water), 0.79 (t, J 

= 7.1 Hz, 3H), 0.75 (t, J = 7.1 Hz, 3H); 
13

C NMR (100 MHz, DMSO-D6) δ 178.2, 167.4, 

167.0, 153.1, 143.6, 132.4, 130.2, 129.2, 127.3, 125.6, 125.3, 121.7, 112.6, 111.6, 111.4, 

110.0, 103.6, 61.6, 61.0, 56.6, 55.6, 53.3, 13.7, 13.7; IR (film) υmax 3381, 2982, 1715, 

1471, 1371, 1299, 1246, 1189, 1031, 860, 816, 741 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 

Calcd for [C24H24N2O6+Na]
+
 459.1527; Found 459.1551; MP 130 - 132 ºC; Enantiomeric 

excess of pure compound was determined via HPLC analysis using a Chiralpak IE-3 

column; solvent: hexane/2-propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 

nm): tR minor = 8.60 min, tR major = 10.81 min. [α]D 
24.0 

=  (c = 0.20, CHCl3 for 

76% ee). 

 

 

Diethyl (R)-2-(3-(5-bromo-1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4h was obtained as a brown solid (0.08 mmol scale of reaction, 30 mg of product, 

77% yield); Rf = 0.56 (50% EtOAc in hexane);
 1

H NMR (500 MHz, DMSO-D6) δ 11.23 

(s, 1H), 10.57 (s, 1H), 7.82 - 7.76 (m, 2H), 7.35 - 7.30 (m, 2H), 7.18 (d, J = 8.7 Hz, 1H), 

7.08 (d, J = 7.8 Hz, 1H), 6.94 (t, J = 6.1 Hz, 1H), 6.73 (s, 1H), 4.91 (s, 1H), 3.93 – 3.81 

(m, 4H), 0.84 (t, J = 7.1 Hz, 3H), 0.73 (t, J = 3.1 Hz, 3H); 
13

C NMR (125 MHz, DMSO-
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D6) δ 178.0, 167.2, 166.7, 143.4, 136.1, 129.8, 129.2, 127.0, 126.9, 126.6, 124.1, 124.1, 

121.8, 114.2, 111.8, 111.8, 110.1, 61.6, 61.0, 56.7, 53.2, 13.7, 13.6; IR (film) υmax 3260, 

3063, 2922, 2359, 1712, 1616, 1469, 1217, 1097, 1018, 746 cm
-1

; HRMS (ESI) m/z [M 

+ Na]
+
 Calcd for [C23H21BrN2O5+Na]

+
 507.0526; Found 507.0534; MP 120 - 122 ºC; 

Enantiomeric excess of pure compound was determined via HPLC analysis using a 

Chiralpak IB column; solvent: hexane/2-propanol = 70/30; flow rate: 1.0 mL/min; 

detection: at 254 nm): tR minor = 4.72 min, tR major = 6.65 min. [α]D 
24.1 

=  (c = 

0.19, CHCl3 for 88% ee). 

 

 

Diethyl (R)-2-(5-bromo-3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4i  was obtained as a brown solid (0.08 mmol scale of reaction, 27 mg of product, 

70% yield); Rf = 0.60 (50% EtOAc in hexane); 
 1

H NMR (100 MHz, DMSO-D6) 11.02 

(s, 1H), 10.65 (s, 1H), 7.96 - 7.95 (m, 1H), 7.50 (t, J = 6.7 Hz, 2H), 7.32 (d, J = 8.3 Hz, 

1H), 7.04 (t, J = 7.6 Hz, 1H), 6.92 - 6.87 (m, 2H), 6.70 (d, J = 2.7 Hz, 1H), 4.95 (s, 1H), 

3.92 - 3.79 (m, 4H), 3.34 (s, 3H), 0.87 (t, J = 7.1 Hz, 3H), 0.71 (t, J = 7.1 Hz, 3H); 
13

C 

NMR (100 MHz, DMSO-D6) δ 177.5, 167.3, 166.7, 142.9, 137.3, 132.6, 131.8, 129.8, 

125.0, 124.7, 121.7, 121.6, 119.1, 113.3, 112.2, 112.0, 111.1, 61.7, 61.1, 56.4, 53.6, 13.7, 

13.6; IR (film) υmax 3381, 2982, 1715, 1471, 1371, 1299, 1246, 1189, 1031, 860, 816, 

741 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for [C23H21BrN2O5+Na]

+
 507.0526; Found 

507.0530; MP 180 - 182 ºC; Enantiomeric excess of pure compound was determined via 

HPLC analysis using a Chiralpak IB column; solvent: hexane/2-propanol = 70/30; flow 

rate: 1.0 mL/min; detection: at 254 nm): tR minor = 6.00 min, tR major = 11.09 min. [α]D 

25.0 
=  (c = 0.17, CHCl3 for 88% ee). 
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Dibenzyl (R)-2-(3-(5-methoxy-1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4j was obtained as a colorless solid (0.08 mmol scale of reaction, 36 mg of product, 

80% yield); Rf = 0.57 (50% EtOAc in hexane; 
1
H NMR (400 MHz, 0.5 mL CDCl3, 0.1 

mL DMSO-D6) δ 9.05 (s, 1H), 8.95 (s, 1H), 7.91 (d, J = 7.5 Hz, 1H), 7.23 - 7.14 (m, 4H), 

7.16 - 7.09 (m, 3H), 7.08 (d, J = 2.5 Hz, 1H), 7.03 - 6.92 (m, 3H), 6.87 - 6.78 (m, 2H), 

6.76 (d, J = 7.7 Hz, 1H), 6.72 (dd, J = 8.8, 2.5 Hz, 1H), 6.63 (d, J = 2.8 Hz, 1H), 5.24 (s, 

1H), 4.91 - 4.68 (m, 4H), 3.62 (s, 3H), 2.36 (Water); 
13

C NMR (125 MHz, DMSO-D6) δ 

178.1, 167.1, 166.7, 153.5, 142.1, 134.8, 134.6, 132.0, 129.4, 128.4, 128.2, 128.1, 127.9, 

127.8, 127.7, 127.7, 127.2, 125.1, 124.9, 121.7, 112.3, 111.9, 111.4, 109.7, 103.0, 67.0, 

66.7, 56.3, 55.4, 53.3; IR (film) υmax 3377, 2355, 1713, 1615, 1469, 1308, 1214, 1146, 

735 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for [C34H28N2O6+Na]

+
 583.1840; Found 

583.1855; MP 158 - 160 ºC; Enantiomeric excess of pure compound was determined via 

HPLC analysis using a Chiralpak OD-3 column; solvent: hexane/2-propanol = 60/40; 

flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 5.60 min, tR major = 16.12 min. 

[α]D 
22.5 

=  (c = 0.10, MeOH for 96% ee). 

 

 

Dibenzyl (R)-2-(5-bromo-3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4k was obtained as a yellow solid (0.08 mmol scale of reaction, 36 mg of product, 

74% yield); Rf = 0.60 (40% EtOAc in hexane); 
1
H NMR (500 MHz, 0.5 mL CDCl3, 0.1 

mL DMSO-D6) δ 9.66 - 9.64 (m, 2H), 7.99 - 7.96 (m, 1H), 7.79 - 7.74 (m, 1H), 7.29 - 

7.16 (m, 5H), 7.13 - 7.01 (m, 4H), 6.99 - 6.88 (m, 3H),  6.71- 6.67 (m, 2H), 6.62 - 6.58 

(m, 1H), 6.54 - 6.51(m, 1H), 5.23 - 5.20 (m, 1H), 4.84 - 4.82 (m, 2H), 4.74 - 4.72 (m, 
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2H), ; 
13

C NMR (125 MHz, DMSO) δ177.6, 167.1, 166.6, 141.8, 137.2, 134.8, 134.7, 

131.7, 131.4, 129.9, 128.4, 128.3, 128.1, 127.9, 127.8, 127.7, 127.6, 124.8, 124.5, 121.8, 

121.7, 119.4, 114.0, 111.6, 111.4, 67.2, 66.9, 56.4, 53.7; IR (film) υmax 3388, 3066, 2924, 

2854, 2840, 1728, 1620, 1471, 1465, 1442, 1311, 1273, 1250, 1217, 1145, 750, 686 cm
-1

; 

HRMS (ESI) m/z [M + Na]
+
 Calcd for [C33H25BrN2O5+Na]

+
 631.0839; Found 631.0839; 

MP 220 - 222 ºC; Enantiomeric excess of pure compound was determined via HPLC 

analysis using a Chiralpak OD-3 column; solvent: hexane/2-propanol = 60/40; flow rate: 

1.0 mL/min; detection: at 254 nm): tR minor = 6.18 min, tR major = 13.88 min. [α]D 
25.0 

= 

 (c = 0.16, CHCl3 for 94% ee). 

 

 

Dibenzyl (R)-2-(3-(5-bromo-1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4l was obtained as a colorless solid (0.08 mmol scale of reaction, 38 mg of product, 

80% yield); Rf = 0.55 (50% EtOAc in hexane); 
1
H NMR (400 MHz, 0.5 mL CDCl3, 0.1 

mL DMSO-D6) δ 9.85 (br, 1H), 9.41 (br, 1H), 7.98 (s, 1H), 7.83 - 7.81 (m, 1H), 7.1 - 

7.08 (m, 9H), 6.95 - 6.91 (m, 3H), 6.7 - 6.73 (m, 3H), 6.5 - 6.53 (m, 1H), 5.16 (s, 1H), 

4.81 - 4.72 (m, 4H); 
13

C NMR (125 MHz, DMSO-D6) δ 178.1, 167.2, 166.7, 142.4, 

142.4, 135.9, 134.8, 134.7, 129.2, 128, 4128.4, 128.3, 128.1, 127.9, 127.7, 126.9, 126.6, 

126.1, 124.5, 124.3, 121.8, 113.2, 112.7, 111.5, 110.1, 67.2, 66.9, 56.5, 53.4; IR (film) 

υmax 3391, 2925, 2257, 1728, 1621, 1471, 1379, 1312, 1266, 1147, 1025, 1005, 755, 698 

cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for [C33H25BrN2O5+Na]

+
 631.0839; Found 

631.0867; MP 110 - 112 ºC; Enantiomeric excess of pure compound was determined via 

HPLC analysis using a Chiralpak OD-3 column; solvent: hexane/2-propanol = 60/40; 

flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 4.65 min, tR major = 9.13 min. 

[α]D 
25.2 

=  (c = 0.18, MeOH for 92% ee). 
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Diethyl (R)-2-(3-(1H-indol-3-yl)-2-oxo-5-phenylindolin-3-yl)malonate: Compound 

(R)-4m was obtained as a brown solid (0.08 mmol scale of reaction, 28 mg of product, 

74% yield); Rf = 0.55 (40% EtOAc in hexane); 
1
H NMR (500 MHz, 0.5 mL CDCl3, 0.1 

mL DMSO-D6)  δ 9.72 - 9.68 (m, 2H), 8.29 - 8.28 (m, 1H), 7.86 - 7.85 (m, 1H), 7.61 - 

7.48 (m, 3H), 7.42 - 7.35 (m, 2H), 7.31 - 7.24 (m, 2H), 7.06 - 6.97 (m, 3H), 6.73 - 6.71 

(m, 1H) 5.21 (s, 1H), 3.94 - 3.83 (m, 4H), 2.73 (Water), 0.92 - 0.87 (m, 3 H), 0.78 - 0.75 

(m, 3H); 
13

C NMR (125 MHz, 0.5 mL CDCl3, 0.1 mL DMSO-D6) δ 178.6, 167.4, 167.0, 

142.1, 141.1, 137.2, 134.7, 130.6, 128.6, 127.2, 126.6, 126.5, 125.5, 125.1, 124.4, 121.9, 

121.5, 119.1, 111.5, 110.0, 61.4, 60.8, 56.6, 53.7, 13.4, 13.2; IR (film) υmax 3394, 3062, 

2926, 2357, 1720, 1624, 1473, 1307, 1236, 827, 746 cm
-1

; HRMS (ESI) m/z [M + H]
+
 

Calcd for [C29H27N2O5]
+
 483.1914; Found 483.1906; MP 180 - 182 ºC; Enantiomeric 

excess of pure compound was determined via HPLC analysis using a Chiralpak OD-3 

column; solvent: hexane/2-propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 

nm): tR minor = 6.56 min, tR major = 8.17 min. [α]D 
24.2 

=  (c = 0.21, MeOH for 

91% ee). 

 

 

Diethyl (R)-2-(3-(1H-indol-3-yl)-5-(3-methoxyphenyl)-2-oxoindolin-3-yl)malonate: 

Compound (R)-4n was obtained as a colorless solid (0.08 mmol scale of reaction, 31 mg 

of product, 77% yield); Rf = 0.56 (40% EtOAc in hexane); 
1
H NMR (400 MHz, 0.5 mL 

CDCl3, 0.1 mL DMSO-D6) δ 9.72 (brs, 1H), 9.68 (brs, 1H), 8.08 (s, 1H), 7.65 (d, J = 8.1 

Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.16 - 7.08 (m, 2H), 67.01 - 6.99 (m, 1H), 6.94 (s, 1H), 

6.89 - 6.86 (m, 1H) 6.82 - 6.80 (m, 2H), 6.67 - 6.65 (m, 1H), 6.55 (s, 1H), 5.00 (s, 1H), 

3.75 - 3.67 (m, 7H), 2.65 (Water), 0.75 - 0.72 (m, 3H), 0.61 - 0.57(m, 3H); 
13

C NMR 
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(100 MHz, 0.5 mL CDCl3, 0.1 mL DMSO-D6) δ 178.5, 167.3, 166.9, 159.8, 142.6, 142.4, 

137.2, 130.4, 130.6, 129.6, 127.2, 125.8, 120.5, 124.4, 121.9, 121.4, 119.2, 118.9, 112.5, 

111.8, 111.7, 111.4, 109.9, 61.3, 60.7, 56.6, 55.2, 53.7, 13.4, 13.3; IR (film) υmax 3415, 

2924, 2852, 1726, 1622, 1481, 1307, 1174, 1029, 848, 748 cm
-1

; HRMS (ESI) m/z [M + 

H]
+
 Calcd for [C30H29N2O6]

+
 513.2020; Found 513.2022; 513.2020; MP 270 - 272 ºC; 

Enantiomeric excess of pure compound was determined via HPLC analysis using a 

Chiralpak ID-3 column; solvent: hexane/2-propanol = 50/50; flow rate: 1.0 mL/min; 

detection: at 254 nm): tR minor = 5.05 min, tR major = 6.26 min. [α]D 
24.2 

=  (c = 

0.10, CHCl3 for 88% ee). 

 

 

Diethyl (R)-2-(3-(1H-indol-3-yl)-5,7-dimethyl-2-oxoindolin-3-yl)malonate: Compound 

(R)-4o was obtained as a colorless solid (0.08 mmol scale of reaction, 27 mg of product, 

79% yield); Rf = 0.56 (40% EtOAc in hexane); 
1
H NMR (500 MHz, 0.5 mL CDCl3, 0.1 

mL DMSO-D6) δ 9.47 - 9.45 (m, 2H), 7.74 - 7.72 (m, 1H), 7.48 (s, 1H), 7.12 - 7.08 (m, 

1H), 6.93-6.84 (m, 2H), 6.75 - 6.74 (m, 1H), 6.51 - 6.50 (m, 1H), 5.01 (s, 1H), 3.77 - 3.67 

(m, 4H), 2.56 (Water), 2.17 (s, 3H), 2.02 (s, 3H); 
13

C NMR (125 MHz, 0.5 mL CDCl3, 

0.1 mL DMSO-D6) δ 179.1, 167.4, 167.1, 138.5, 137.1, 130.8, 130.3, 129.5, 125.1, 125.0, 

124.5, 122.2, 121.4, 118.6, 112.3, 111.3, 61.2, 60.7, 56.5, 54.0, 21.2, 16.5, 13.2 (2c); IR 

(film) υmax 3444, 3386, 2920, 2848, 1707, 1624, 1456, 1261, 1103, 744 cm
-1

; HRMS 

(ESI) m/z [M + H]
+
 Calcd for [C30H29N2O6]

+
 457.1734; Found 457.1749; MP 190 - 192 

ºC; Enantiomeric excess of pure compound was determined via HPLC analysis using a 

Chiralpak ID-3 column; solvent: hexane/2-propanol = 70/30; flow rate: 1.0 mL/min; 

detection: at 254 nm): tR minor = 7.09 min, tR major = 10.79 min. [α]D 
24.5 

=  (c = 

0.30, MeOH for 90% ee). 
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Diethyl (R)-2-(5-chloro-3-(1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4p was obtained as a brown solid (0.08 mmol scale of reaction, 25 mg of product, 

70% yield); Rf = 0.55 (40% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3) δ 8.33 (s, 

1H), 8.09 (d, J = 2.6 Hz, 1H), 8.05 (d, J = 2.2 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.25 (d, 

J = 3.6 Hz, 1H), 7.24 – 7.23 (m, 1H), 7.15 – 7.05 (m, 2H), 6.76 (d, J = 8.3 Hz, 1H), 6.62 

(d, J = 2.7 Hz, 1H), 5.19 (s, 1H), 4.00 – 3.84 (m, 4H), 0.90 (t, J = 7.1 Hz, 3H), 0.77 (t, J = 

7.1 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 178.3, 167.3, 166.8, 140.4, 137.0, 131.5, 

128.8, 127.8, 127.7, 124.8, 124.1, 122.4, 122.1, 119.9, 111.9, 111.4, 110.8, 61.9, 61.2, 

56.4, 53.9, 13.5, 13.3; IR (film) υmax 3389, 2990, 1721, 1620, 1461, 1381, 1289, 1256, 

1159, 1011, 870, 800, 761, 720 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for 

[C23H22ClN2O5]
+
 441.1212; Found 441.1236; MP 192 - 194 ºC; Enantiomeric excess of 

pure compound was determined via HPLC analysis using a Chiralpak OD-3 column; 

solvent: hexane/2-propanol = 70/30; flow rate: 1.0 mL/min; detection: at 254 nm): tR 

minor = 5.10 min, tR major = 7.48 min. [α]D 
24.5 

=  (c = 0.10, MeOH for 86% ee). 

 

 

Dibenzyl (R)-2-(3-(1H-indol-3-yl)-5,7-dimethyl-2-oxoindolin-3-yl)malonate: 

Compound (R)-4q was obtained as a colourless solid (0.08 mmol scale of reaction, 34 mg 

of product, 78% yield); Rf = 0.61 (40% EtOAc in hexane); 
1
H NMR (400 MHz, DMSO-

D6) δ 10.11 (s, 1H), 9.51 (s, 1H), 6.80 (d, J = 8.2 Hz, 1H), 6.51 - 6.30 (m, 8H), 6.23 - 

6.18 (m, 3H), 6.08 - 5.97 (m, 4H), 5.77 (s, 1H), 4.29 (s, 1H) 4.12 - 4.01 (m, 4H), 1.31 (s, 

3H), 1.28 (s, 3 H); 
13

C NMR (100 MHz, DMSO-D6) δ 182.9, 172.1, 171.7, 144.1, 143.8, 

142.2, 140.3, 140.2, 135.5, 134.9, 134.5, 133.5, 133.4, 133.2, 132.9, 132.7, 132.6, 130.0, 

129.9, 126.7, 126.3, 123.8, 123.6, 116.9, 116.7, 71.8, 71.5, 61.5, 58.4, 26.1, 21.7; IR 
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(film) υmax 3385, 3064, 2924, 2854, 1718, 1612, 1471, 1465, 1311, 1273, 1217, 1155, 

742, 696 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for [C35H30N2O5+Na]

+
 581.2047; 

Found 581.2064; MP 201 - 203 ºC; Enantiomeric excess of pure compound was 

determined via HPLC analysis using a Chiralpak AD-H column; solvent: hexane/2-

propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 29.05 min, tR 

major = 35.36 min. [α]D 
25.0 

=  (c = 0.40, MeOH for 93% ee). 

 

 

Dibenzyl (R)-2-(3-(6-bromo-1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound 

(R)-4r was obtained as a yellow solid (0.08 mmol scale of reaction, 23 mg of product, 

92% yield; Rf = 0.60 (40% EtOAc in hexane); 
1
H NMR (400 MHz, DMSO-D6) δ 11.14 

(s, 1H), 10.53 (s, 1H), 7.73 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 8.7 Hz, 1H), 7.55 (s, 1H), 

7.37 - 7.30 (m, 2H), 7.29 – 7.28 (m, 2H), 7.22 (d, J = 7.1 Hz, 1H), 7.16 (t, J = 7.4 Hz, 

2H), 7.06 – 6.98 (m, 4H), 6.88 (d, J = 7.8 Hz, 1H), 6.77 (d, J = 7.4 Hz, 2H), 6.67 (s, 1H), 

5.12 (s, 1H), 5.00 – 4.80 (m, 4H); 
13

C NMR (100 MHz, DMSO-D6) δ 177.7, 167.3, 

166.7, 143.3, 138.4, 135.5, 135.5, 129.7, 129.2, 128.8, 128.6, 128.5, 128.3, 127.9, 127.8, 

126.9, 126.2, 124.2, 123.7, 122.1, 121.8, 114.9, 114.6, 112.1, 110.3, 67.1, 66.8, 56.5, 

53.2; IR (film) υmax 3455, 3364, 2994, 2830, 1717, 1622, 1491, 1409, 1301, 1221, 1210, 

1100, 772, 636 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for [C33H25BrN2O5+Na]

+
 

631.0835; Found 631.0839; MP 195 - 197 ºC; Enantiomeric excess of pure compound 

was determined via HPLC analysis using a Chiralpak ID-3 column; solvent: hexane/2-

propanol = 60/40; flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 7.18 min, tR 

major = 10.29 min. [α]D 
22.2 

=  (c = 0.18, CH2Cl2 for 98% ee). 
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Dibenzyl (R)-2-(3-(7-iodo-1H-indol-3-yl)-2-oxoindolin-3-yl)malonate: Compound (R)-

4s was obtained as a yellow solid (0.08 mmol scale of reaction, 44 mg of product, 85% 

yield); Rf = 0.63 (40% EtOAc in hexane); 
1
H NMR (400 MHz, DMSO-D6) δ 8.0 (s, 1H), 

7.9 (d, J = 7.6 Hz, 1H), 7.9 (s, 1H), 7.8 (d, J = 8.2 Hz, 1H), 7.5 (d, J = 7.5 Hz, 1H), 7.25 – 

7.14 (m, 7H), 7.06 – 7.00 (m, 3H), 6.84 – 6.78 (m, 3H), 6.69 (d, J = 7.7 Hz, 1H), 6.64 (d, 

J = 2.7 Hz, 1H), 5.27 (s, 1H), 4.95 – 4.86 (m, 4H); 
13

C NMR (100 MHz, DMSO-D6) δ 

177.9, 167.1, 166.6, 141.5, 138.4, 134.9, 134.6, 131.0, 129.0, 128.9, 128.4, 128.3, 128.2, 

128.2, 128.1, 128.0, 127.3, 125.1, 124.6, 122.5, 122.3, 121.7, 114.1, 110.0, 76.9, 67.4, 

67.1, 56.5, 53.6; IR (film) υmax 3443, 3364, 2994, 2804, 1719, 1622, 1441, 1400, 1301, 

1290, 1200, 1105, 792, 606 cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for [C33H26IN2O5]

+
 

657.0881; Found 657.0853; MP 150 - 152 ºC; Enantiomeric excess of pure compound 

was determined via HPLC analysis using a Chiralpak IC-3 column; solvent: hexane/2-

propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 4.93 min, tR 

major = 6.44 min. [α]D 
20.6 

=  (c = 0.15, CH2Cl2 for 90% ee). 

 

 

(+)-Diethyl 2-(3-(6-hydroxybenzo[d][1,3]dioxol-5-yl)-2-oxoindolin-3-yl)malonate: 

Compound (+)-4t  was obtained as a colourless solid (0.08 mmol scale of reaction, 31 mg 

of product, 90% yield); Rf = 0.52 (40% EtOAc in hexane);
 1

H NMR (400 MHz, 

Chloroform-d) δ 9.90 (s, 1H), 8.74 (s, 1H), 8.01 (d, J = 7.2 Hz, 1H), 7.30 (td, J = 7.7, 1.3 

Hz, 1H), 7.16 (td, J = 7.7, 1.2 Hz, 1H), 6.93 (d, J = 7.7 Hz, 1H), 6.51 (s, 1H), 6.32 (s, 

1H), 5.80 (dd, J = 20.8, 1.5 Hz, 2H), 5.33 (s, 1H), 4.06 (q, J = 7.1 Hz, 2H), 3.82 (qd, J = 

7.1, 4.7 Hz, 2H), 1.09 (t, J = 7.1 Hz, 3H), 0.85 (t, J = 7.1 Hz, 3H);
 13

C NMR (101 MHz, 
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Chloroform-d) δ 182.0, 167.2, 166.6, 152.4, 148.5, 141.6, 140.7, 129.5, 128.3, 123.5, 

113.6, 110.7, 108.7, 101.9, 101.3, 61.8, 61.5, 57.8, 54.4, 13.3, 13.4; IR (film) υmax 3355, 

3264, 2920, 2884, 1719, 1622, 1451, 1465, 1311, 1273, 1217, 1155, 742, 696 cm
-1

; 

HRMS (ESI) m/z [M + H]
+
 Calcd for [C22H22NO8]

+
 428.1340; Found 428.1331; MP 135 

- 137 ºC; Enantiomeric excess of pure compound was determined via HPLC analysis 

using a Chiralpak AD-H column; solvent: hexane/2-propanol = 50/50; flow rate: 1.0 

mL/min; detection: at 254 nm): tR minor = 7.17 min, tR major = 24.25 min. [α]D 
23.1 

= 

 (c = 0.16, MeOH for 50% ee). 

 

 

Synthetic procedure for the synthesis of compound (R)-8: To a stirred solution of (R)-

4f (300 mg, 0.6 mmol; 1.0 equiv) in DMSO (5 mL) at 25 ºC was added lithium chloride 

(96 mg, 2.3 mmol, 4.0 equiv) and H2O (104 µL, 5.6 mmol, 10.0 equiv). After 5 minutes 

starring, the reaction mixture was transferred to a pre-heated oil bath (140 ºC) and stirring 

was continued for 24 h. After complete consumption of starting material (as judged by 

running TLC), reaction mixture was cooled down to 25 ºC and quenched with water (4 

mL). The organic compound was extracted with ethyl acetate (2 X 10 mL). Then the 

combined organic layers were dried over anhydrous sodium sulphate and concentrated 

under reduced pressure. The crude material was purified by column chromatography by 

using 20 - 30 % (EtOAc/Hexane) to afford compound (R)-8 as a colorless solid. 

 

 

Benzyl (R)-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)acetate: Compound (R)-8 was 

obtained as a yellow solid (0.6 mmol scale of reaction, 195 mg of product, 80% yield); Rf 

= 0.45 (40% EtOAc in hexane);  
1
H NMR (400 MHz, DMSO-d6) δ 11.08 (s, 1H), 10.56 
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(s, 1H), 7.35 - 7.21 (m, 10H), 7.18 - 7.11 (m, 3H), 7.03 - 6.99 (m, 2H), 6.95 - 6.90 (m, 

2H), 6.80 (t, J = 7.5 Hz, 1H), 4.92 (s, 3H), 3.63 (d, J = 16.0 Hz, 1H), 3.51 (d, J = 16.1 Hz, 

2H), 3.44 (Water); 
13

C NMR (100 MHz, DMSO-d6) δ 179.4, 169.9, 143.3, 137.2, 136.3, 

133.1, 128.8, 128.6, 128.3, 128.1, 125.1, 124.4, 124.0, 121.8, 121.6, 119.8, 119.1, 114.2, 

112.1, 109.9, 65.9, 49.8; IR (film) υmax 3415, 3310,  2929, 2802, 1728, 1642, 1619, 1480, 

1327,1154, 1059, 878, 760 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd for 

[C25H20N2O3+Na]
+
 419.1366; Found 419.1380; MP 165 - 167 ºC; Enantiomeric excess of 

pure compound was determined via HPLC analysis using a Chiralpak OD-3 column; 

solvent: hexane/2-propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 nm): tR 

minor = 5.71 min, tR major = 13.53 min. [α]D 
21.0 

=  (c = 0.24, MeOH for 99% ee). 

 

 

Synthetic procedure for compound (R)-9: Compound (R)-8 (200 mg, 0.5 mmol; 1.0 

equiv) was taken in dimethyl sulfoxide (3 mL) under nitrogen atmosphere. The reaction 

mixture was cooled to 0 ºC and potassium tert-butoxide (119 mg, 1.1 mmol, 2.2 equiv) 

was added to it. After 5 min of stirring, methyl iodide (66 µL, 1.1 mmol, 2.2 equiv) was 

added at same temperature and stirring was continued for 3 h. Upon completion of 

starting material (as judged by running TLC), the reaction mixture was quenched with 

careful addition of water (2 mL) and organic compound was extracted with ethyl acetate 

(2 X 10 mL). The combined organic layers were dried over anhydrous sodium sulphate 

and concentrated under reduced pressure. The crude material was purified by column 

chromatography by using 20-30 % (EtOAc/Hexane) to afford compound (R)-9 as a white 

solid. 

 



Supporting Information 31 

 

 S31 

 

Benzyl (R)-2-(1-methyl-3-(1-methyl-1H-indol-3-yl)-2-oxoindolin-3-yl)acetate: 

Compound (R)-9 was obtained as a brown solid (0.5 mmol scale of reaction, 191 mg of 

product, 94% yield); Rf = 0.53 (40% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3) 

7.30 - 7.28 (m, 3H), 7.09 - 7.04 (m, 6H), 6.85 - 6.81 (m, 2H), 6.52 (d, J = 7.8 Hz, 1H), 

6.47 (d, J = 7.8 Hz, 1H), 4.89 - 4.81 (m, 2H), 4.37 (d, J = 16.7 Hz, 1H), 3.80 (s, 1H), 3.42 

(d, J = 16.8 Hz, 1H), 3.13 (s, 3H), 3.05 (s, 3H); 
13

C NMR (125 MHz) δ177.8, 169.6, 

144.4, 137.7, 135.3, 131.4, 128.6, 128.5, 128.4, 127.1, 125.5, 123.9, 122.4, 121.9, 120.8, 

119.5, 112.9, 109.5, 108.3, 66.5, 49.7, 40.9, 32.7, 26.3; IR (film) υmax 3415, 2924, 2852, 

1726, 1622, 1481, 1307,1174, 1029, 848, 748 cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for 

[C27H25N2O3]
+
 425.1860; Found 425.1883; MP 68 - 70 ºC; Enantiomeric excess of pure 

compound was determined via HPLC analysis using a Chiralpak OD-3 column; solvent: 

hexane/2-propanol = 50/50; flow rate: 1.0 mL/min; detection: at 254 nm): tR minor = 7.82 

min, tR major = 13.17 min. [α]D 
24.1 

=  (c = 0.19, CHCl3 for 99.5% ee). 

 

 

Synthetic procedure for compound 10: Compound (R)-9 (150 mg, 0.33 mmol; 1.0 

equiv) was taken in acetic acid (3 mL) at 25 ºC. To this solution was added HCl (61 µL, 

1.7 mmol, 5.0 equiv), followed by dimethyl sulfoxide (236 µL, 3.3 mmol, 10.0 equiv). 

Then the reaction mixture was placed over a pre-heated oil bath maintaining 50 ºC for 3 

h. Upon completion of starting material (as judged by running TLC), the reaction mixture 

was quenched with sat. Na2CO3 (2 mL) and organic compound was extracted with ethyl 

acetate (2 X 10 mL). The combined organic layers were dried over anhydrous sodium 

sulphate and concentrated under reduced pressure. The crude material was purified by 
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column chromatography by using 20-30% (EtOAc/Hexane) to afford compound 10 as an 

orange solid. 

 

 

Benzyl 2-((3'R)-1,1'-dimethyl-2,2'-dioxo-[3,3'-biindolin]-3'-yl)acetate (10): 

Compound 10 (major diastereomer) was obtained as a orange colour gel (0.3 mmol scale 

of reaction, 85 mg of product, 50% yield); Rf = 0.44 (40% EtOAc in hexane); 
1
H NMR 

(400 MHz, CDCl3) δ 7.29 - 7.29 (m, 3H), 7.10 - 7.05 (m, 6H), 6.84 (td, J = 7.6, 1.4 Hz, 

1H), 6.52 (d, J = 7.8 Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 4.89 - 4.81 (m 2H), 4.37 (dd, J = 

16.8, 1.3 Hz, 1H), 3.80 (s, 1H), 3.44 - 3.39 (m, 1H), 3.13 (d, J = 1.4 Hz, 1H), 3.13 (s, 

3H), 3.05 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 177.3, 174.7, 169.7, 144.0, 143.9, 

135.3, 128.7, 128.6, 128.4, 128.1, 128.1, 126.8, 124.3, 123.6, 122.4, 122.1, 121.9, 107.9, 

107.6, 66.3, 51.3, 49.6, 37.5, 25.9, 25.8; IR (film) υmax 3425, 2914, 2862, 1721, 1612, 

1482, 1317,1124, 1009, 808, 758 cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for 

[C27H25N2O4]
+
 441.1809; Found 441.1810 

 

 

Synthetic procedure for compound 11: Compound 10 (100 mg, 0.2 mmol; 1.0 equiv) 

was taken in toluene (2 mL) under nitrogen atmosphere at 0 ºC. To this solution was 

added tetrabutyl ammonium hydrogen sulphate (16 mg, 0.05 mmol, 20 mol%), followed 

by 50% aq. sodium hydroxide (742 µL, 9.28 mmol, 40 equiv). After 5 minutes of stirring 

at 0 ºC, bromoethyl acetate (53 µL, 0.5 mmol, 2.0 equiv) was added to the reaction 

mixture. Then the reaction mixture allowed stirring for 20 h at the same temperature. 

Upon completion of starting material (monitored by running TLC), the reaction mixture 
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was diluted with water (2 mL) and organic compound was extracted with ethyl acetate (2 

X 10 mL). Then the organic layer was dried with anhydrous sodium sulphate and 

concentrated in vacuo. The crude material was purified by column chromatography by 

using 20-30% (EtOAc/Hexane) to afford compound 11 as an orange solid. 

 

 

Benzyl 2-(3'-(2-ethoxy-2-oxoethyl)-1,1'-dimethyl-2,2'-dioxo-[3,3'-biindolin]-3-

yl)acetate: Compound 11 was obtained as a colourless solid (0.22 mmol scale of 

reaction, 98 mg of product, 85% yield); Rf = 0.53 (40% EtOAc in hexane); 
1
H NMR (700 

MHz) δ 7.19 - 7.17 (m, 3H), 6.96 - 6.91 (m, 2H), 6.31 - 6.29 (m, 1H), 6.20 - 6.19 (m, 

1H), 4.68 - 4.62 (m, 2H), 4.02 (d, J = 16.0 Hz, 1H), 3.95 (d, J = 16.0 Hz, 1H), 3.73 - 3.64 

(m, 2H) 3.18 (d, J = 16.0 Hz, 1H), 3.11 (d, J = 16.0 Hz, 1H), 3.00 (s, 3H), 0.83 (d, J = 

7.11 Hz, 3H): 
13

C NMR (175 MHz) δ176.6, 176.4, 169.7, 169.6, 143.8, 143.7, 135.2, 

128.8, 128.7, 128.4, 128.3, 128.2, 126.8, 126.7, 122.8, 121.5, 121.4, 107.5, 107.3, 77.2, 

77.1, 76.8, 66.4, 60.4, 52.5, 52.4, 33.9 (2C), 25.8, 25.5, 13.7; IR (film) υmax 3446, 3435, 

2956, 2922, 2850, 2350, 2090, 1735, 1712, 1612, 1494, 1456, 1338, 1188, 1118, 1095, 

906, 754 cm
-1

; HRMS (ESI) m/z [M + H]
+
 Calcd for [C23H21N2O6]

+
 549.1996; Found 

549.2013; MP 135 - 137 ºC. 

 

 

Synthetic procedure for the synthesis of compound (3S,3S)-12: Compound 11 (50 mg, 

0.1 mmol; 1.0 equiv) was taken in diethyl ether (2 mL) under nitrogen atmosphere at 0 

ºC. To this solution was added LiBH4 (225 µL, 0.45 mmol, 5.0 equiv) followed by 
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methanol (44 µL, 0.9 mmol, 10.0 equiv). Then the reaction mixture allowed stirring for 1 

h at the same temperature. Upon completion of starting material (monitored by running 

TLC), the reaction mixture was quenched with water (2 mL) and organic compound was 

extracted with ethyl acetate (2 X 5 mL). Then the organic layer was dried with anhydrous 

sodium sulphate and concentrated in vacuo. The crude material was purified by column 

chromatography by using 80 - 90% (EtOAc/Hexane) to afford compound (S,S)-12 as a 

white crystalline solid. 

 

 

(3S,3S)-Bis(2-hydroxyethyl)-1,1'-dimethyl-[3,3'-biindoline]-2,2'-dione: Compound 

(3S, 3'S)-12 was obtained as a colourless solid (0.1 mmol scale of reaction, 33 mg of 

product, 88% yield); Rf = 0.20 (in EtOAc); 
1
H-NMR (400 MHz, CDCl3) δ 7.03-6.99 (m, 

4H), 6.81 (t, J = 7.5 Hz, 2H), 6.39 (d, J = 7.7 Hz, 2H), 3.42-3.36 (m, 2H), 3.22-3.17 (m, 

2H), 3.13-3.06 (m, 2H), 3.03 (s, 6H), 2.63-2.55 (m, 2H); 
13

C NMR (175 MHz) δ178.1, 

143.4, 128.4, 127.2, 123.5, 121.5, 107.5, 59.7.8, 54.9, 31.4, 25.7; Enantiomeric excess of 

pure compound was determined via HPLC analysis using a Chiralpak AD-3 column; 

solvent: 2-propanol /hexane= 30/80; flow rate: 1.0 mL/min; detection: at 254 nm): tR 

major = 16.66 min. tR minor = 20.41 min. [α]D 
23.0 

=  (c = 0.4, CHCl3 for 99.5% 

ee). 

 

Synthesis of compound (±)-17 from enantioselective method: An oven dried sample 

vial was charged with Cu(OTf)2 (0.1 equiv) and 
t
Bu-PHOX (0.2 equiv) in 

dichloromethane (4 mL) at 25 ºC under nitrogen atmosphere. The reaction mixture was 

stirred for 30 minutes to make the complex. After that the reaction vessel was cooled to -
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5 ºC and tert-Butyl acetoacetate (3.0 equiv) was added to the mixture and stirring was 

continued for 15 minutes maintaining temperature -5 ºC. Then, a solution of 3-hydroxy 2-

oxindole in dichloromethane (0.5 mL) was added slowly to the reaction mixture. Then 

the reaction mixture was allowed to stir for 4 h at -5 ºC. After complete consumption of 

starting material (as judged by running TLC), the crude mixture was concentrated under 

reduced pressure and purified by column chromatography by using 20-30% EtOAc-

hexane mixture as eluent to afford the desired compound. 

 

 

tert-Butyl-2-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)-3-oxobutanoate: Compound (±)-17  

was obtained as a colourless solid (0.08 mmol scale of reaction, 31 mg of product, 95% 

yield); dr  1.1:1 (determined from un purified reaction mixture] of (±)-17; Rf = 0.51 

(40% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3, spectrum contains ∼1.1:1 

diastereomers) δ 8.57 (d, J = 9.4, 1H for minor diastereomer), 8.44 (d, J = 8.7, 1H for 

major diastereomer), 8.20 – 8.17 (m, 2H for major + minor diastereomers), 8.06 - 8.02 

(m, 2H for major + minor diastereomers), 7.93 (d, J = 7.5, 1H for major diastereomer), 

7.85 (d, J = 7.5, 1H for minor diastereomer), 7.25 - 7.16 (m, 4H), 7.16 - 6.99 (m, 6H for 

major + minor diastereomers), 6.81 - 6.76 (m, 2H for major + minor diastereomers), 6.52 

(s, 1H for minor diastereomer), 6.41 (s, 1H for major diastereomer), 5.43 (s, 1H for major 

diastereomer), 5.07 (s, 1H for minor diastereomer), 2.08 - 2.04 (m, 7H for major + minor 

diastereomers), 1.04 - 1.02 (m, 9H for major diastereomer), 0.99 (s, 9H for minor 

diastereomer 
13

C NMR (100 MHz, CDCl3, spectrum contains ∼1.1:1 diastereomers) δ 

202.5, 201.5, 179.4, 178.9, 168.1, 166.7, 141.8, 141.5, 137.2, 137.1, 130.4, 130.1, 128.5, 

128.4, 128.0, 126.5, 125.4 (two carbons), 124.9, 124.4, 122.6 (two carbons), 122.4, 122.1 

(two carbons), 122.1, 121.7 (two carbons), 119.7, 119.6, 111.8, 111.3, 110.1, 109.8, 83.1, 

81.9, 65.0, 61.4, 54.2, 53.5, 32.4, 29.3, 27.2, 27.2, 27.1; IR (film) υmax 3455, 3364, 3220, 

2884, 2019, 1722, 1711, 1665, 1461, 1223, 1207, 1185, 702, 606 cm
-1

; HRMS (ESI) m/z 
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[M + Na]
+
 Calcd for [C24H24N2O4 + Na]

+
 427.1628; Found 427.1606; MP 120 - 122 ºC; 

Enantiomeric peaks was determined via HPLC analysis using a Chiralpak OZ-3 column; 

solvent: hexane/2-propanol = 70/30; flow rate: 1.0 mL/min; detection: at 254 nm); in case 

of major diastereomer tR1 = 4.93 min, tR2 = 17.01 min. for 0% ee; in case of minor 

diastereomer tR1 = 8.58 min, tR2 = 10.53 min. for 0% ee. 

 

 

Synthesis of compound (±)-19 from enantioselective method: An oven dried sample 

vial was charged with Cu(OTf)2 (0.1 equiv) and 
t
Bu-PHOX (0.2 equiv) in 

dichloromethane (4 mL) at 25 ºC under nitrogen atmosphere. The reaction mixture was 

stirred for 30 minutes to make the complex. After that the reaction vessel was cooled to -

5 ºC and compound 18 (3.0 equiv) was added to the mixture and stirring was continued 

for 15 minutes maintaining temperature -5 ºC. Then, a solution of 3-hydroxy 2-oxindole 

in dichloromethane (0.5 mL) was added slowly to the reaction mixture. Then the reaction 

mixture was allowed to stir for 6 h at -5 ºC. After complete consumption of starting 

material (as judged by running TLC), the crude mixture was concentrated under reduced 

pressure and purified by column chromatography by using 30-40% EtOAc-hexane 

mixture as eluent to afford the desired compound. 

 

 

Ethyl-1-(3-(1H-indol-3-yl)-2-oxoindolin-3-yl)-2-oxocyclopentane-1-carboxylate: 

Compound (±)-19  was obtained as a colourless solid (0.08 mmol scale of reaction, 25 

mg of product, 80% yield); dr  4.7:1 (determined from un purified reaction mixture] of 

(±)-19; Rf = 0.31 (40% EtOAc in hexane); 
1
H NMR (400 MHz, CDCl3, spectrum 

contains ∼4.7:1 diastereomers) δ 8.92 (s, 2H for major + minor diastereomers), 8.65 (s, 
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2H for major + minor diastereomers), 8.26 (s, 2H for major + minor diastereomers), 7.87 

(s, 1H for minor diastereomer), 7.67 (s, 1H for major diastereomer), 7.31 - 6.96 (m, 12H 

for major + minor diastereomers), 6.73 (s, 2H for major + minor diastereomers), 4.06 - 

3.74 (m, 4H for major + minor diastereomers), 3.15 - 2.94 (m, 4H for major + minor 

diastereomers), 2.63 - 2.28 (m, 4H for major + minor diastereomers), 2.00 - 1.76 (m, 4H 

for major + minor diastereomers), 1.06 - 0.64 (m, 6H for major + minor diastereomers); 

13
C NMR (100 MHz, CDCl3, spectrum contains ∼4.7:1 diastereomers) δ 213.5, 212.8, 

179.8, 179.0, 170.9, 170.2, 141.1, 141.1, 136.6, 136.5, 131.9, 131.6, 128.7, 128.6, 128.4, 

128.3, 127.4, 127.3, 125.9, 125.8, 122.2, 121.8, 121.8, 121.7, 121.6, 121.3, 119.7, 119.6, 

111.6, 110.6, 110.1, 109.7, 109.6, 109.1, 66.5, 66.3, 61.8, 61.7, 55.7, 55.7, 39.1, 38.7, 

33.4, 33.1, 19.6, 19.4, 13.7, 13.5; IR (film) υmax 3545, 3334, 3210, 2980, 2119, 1742, 

1721, 1645, 1601, 1423, 1287, 1285, 1002, 806 cm
-1

; HRMS (ESI) m/z [M + Na]
+
 Calcd 

for [C24H22N2O4 + Na]
+
 425.1472; Found 425.1460; MP 100 - 102 ºC; Enantiomeric 

peaks was determined via HPLC analysis using a Chiralpak AS-3 column; solvent: 

hexane/2-propanol = 60/40; flow rate: 1.0 mL/min; detection: at 254 nm); in case of 

minor diastereomer tR1 = 5.24 min, tR2 = 12.72 min. for 0% ee; in case of major 

diastereomer tR1 = 7.11 min, tR2 = 21.71 min. for 0% ee. 
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Spectral Graphics 
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H NMR (400 MHz, CDCl3) of compound 14 
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1
H NMR (500 MHz, CDCl3) of compound 15a 
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1
H NMR (400 MHz, CDCl3) of compound 15b 
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1
H NMR (100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound 13b 
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13

C NMR (100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound 13b 
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1
H NMR (400 MHz, DMSO-D6) of compound (±)-5a 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5b 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5b 
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1
H NMR (400 MHz, CDCl3) of compound (±)-5c 

 

 

 

 

 

 

 

 

 



Supporting Information 47 

 

 S47 

 
 

 
13

C NMR (100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (±)-5c 
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1
H NMR (400 MHz, DMSO-D6) of compound (±)-5d 
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13

C NMR (100 MHz, DMSO-D6) of compound (±)-5d 
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1
H NMR (400 MHz, DMSO-D6) of compound (±)-5e 

 

 

 

 

 

 

 

 

 

 

 



Supporting Information 51 

 

 S51 

 
 

 

13
C NMR (100 MHz, DMSO-D6) of compound (±)-5e 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5f 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5f 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5g 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5g 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5h 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5h 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5i 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5i 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5k 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5k 
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1
H NMR (500 MHz, DMSO-D6) of compound (±)-5l 
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13

C NMR (125 MHz, DMSO-D6) of compound (±)-5l 
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1
H NMR (400 MHz, 0.5 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4a 
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13

C NMR (100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4a 
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Scanned copy of mass spectrum of (R)-4a 
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1
H NMR (500 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4b 
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13

C NMR (100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4b 
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Scanned copy of mass spectrum of (R)-4b 
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1
H NMR (400 MHz, CDCl3) of compound (R)-4c 
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13

C NMR (100 MHz, CDCl3) of compound (R)-4c 
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Scanned copy of mass spectrum of (R)-4c 
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1
H NMR (400 MHz, CDCl3) of compound (R)-4d 
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13

C NMR (100 MHz, CDCl3) of compound (R)-4d 
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Scanned copy of mass spectrum of (R)-4d 
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1
H NMR (400 MHz, DMSO-D6) of compound (+)-4e 
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13
C NMR (100 MHz, DMSO-D6) of compound (+)-4e 
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Scanned copy of mass spectrum of (+)-4e 
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1
H NMR (500 MHz, CDCl3) of compound (R)-4f 
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1
H NMR (500 MHz, CDCl3) of compound (R)-4f 
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Scanned copy of mass spectrum of (R)-4f 
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1
H NMR (400 MHz, DMSO-D6) of compound (R)-4g 
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13

C NMR (100 MHz, DMSO-D6) of compound (R)-4g 
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Scanned copy of mass spectrum of (R)-4g 
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1
H NMR (500 MHz, DMSO-D6) of compound (R)-4h 
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13
C NMR (125 MHz, DMSO-D6) of compound (R)-4h 
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Scanned copy of mass spectrum of (R)-4h 
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1
H NMR (400 MHz, DMSO-D6) of compound (R)-4i 
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13

C NMR (100 MHz, DMSO-D6) of compound (R)-4i 
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Scanned copy of mass spectrum of (R)-4i 
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1
H NMR (0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4j 
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13

C NMR (0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4j 
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Scanned copy of mass spectrum of (R)-4j 
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1
H NMR (500 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4k 
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13

C NMR (120 MHz, 0.4 mL CDCl3, 0.1 (R)-4k 
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Scanned copy of mass spectrum of (R)-4k 
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1
H NMR (400 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4l 
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13

C NMR (100 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4l 
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Scanned copy of mass spectrum of (R)-4l 
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1
H NMR (500 MHz, 0.4 mL CDCl3, 0.1 mL DMSO-D6) of compound (R)-4m 
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Determination of diastereomeric ratio of compound (±)-17 from 
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H NMR of crude 

reaction 
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Determination of diastereomeric ratio of compound 19 from 
1
H NMR of crude 

reaction 
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H NMR (400 MHz, CDCl3) of crude compound (±)-19 
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HPLC Traces 
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Cu-
t
Bu-PHOX preparation for EPR studies:  

 

EPR experiment was performed with 
t
Bu-PHOX under nitrogen atmosphere. The EPR 

tube was evacuated and backfilled with argon and then CH2Cl2 was added to the mixture. 

The reaction mixture was irradiated under light for 1-2 min, and then an EPR spectrum 

was recorded and did not show any EPR signal. 

 

 

 

The reaction was performed using 0.007 mmol of 
t
Bu-PHOX (L4) and 0.007 mmol of 

Cu(I)OTf.PhMe in an EPR tube under nitrogen atmosphere. The EPR tube was evacuated 

and backfilled with argon and then CH2Cl2 was added to the mixture. The reaction 

mixture was irradiated under light for 1-2 min and then an EPR spectrum was recorded 

and observed the EPR signal with a coupling constant (g = 2.1120) which indicates Cu(I) 

is converting to Cu(II) in the reaction course. 

 

 

 

The reaction was performed using 0.034 mmol of 
t
Bu-PHOX (L4) and 0.034 mmol of 

Cu(OTf)2 in an EPR tube under nitrogen atmosphere.  The EPR tube was evacuated and 

backfilled with argon and then CH2Cl2 was added to the mixture. The reaction mixture 

was irradiated under light for 1-2 min and then an EPR spectrum was recorded and 

observed the EPR signal with a coupling constant (g = 2.1062) which indicates the Cu(II) 

complex is the intermediate in the reaction course. 
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EPR studies of Cu-complex with 
t
Bu-PHOX (L4)  

 

 

X-band EPR spectra of 
t
Bu-PHOX (L4) at 110K under nitrogen atmosphere (solid 

sample). 

 

 
X-band EPR spectra of a complex of 1 equiv. of Cu(I)OTf.PhMe with 1 equiv. of 

t
Bu-

PHOX (L4) in dichloromethane at 110K under nitrogen atmosphere. 
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X-band EPR spectra of a complex of 1 equiv. of Cu(II)OTf with 1 equiv. of 
t
Bu-PHOX 

(L4) in dichloromethane at 110K under nitrogen atmosphere. 

 

Cu-
t
Bu-PHOX preparation for 

1
H-NMR and 

31
P-NMR studies: 

 

1
H-NMR of only 

t
Bu-PHOX in CDCl3 shows good spitting pattern of upfield protons. 

 

 

 

The reaction was performed using 0.034 mmol of 
t
Bu-PHOX (L4) and 0.034 mmol of 

Cu(OTf)2 in an NMR tube under nitrogen atmosphere in CDCl3. The NMR spectrum was 

recorded and observed no NMR signal of the free 
t
Bu-PHOX protons in the spectrum. 

This indicates that Cu(II) complex (paramagnetic species) is forming. 
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The reaction was performed using 0.034 mmol of 
t
Bu-PHOX (L4) and 0.034 mmol of 

Cu(I)OTf.PhMe in an NMR tube under nitrogen atmosphere in CDCl3. The NMR 

spectrum was recorded and observed the no NMR signal of the free 
t
Bu-PHOX protons in 

the spectrum. This indicates that Cu(I) is converting to Cu(II) (paramagnetic species) 

complex. 

 

 

31
P-NMR of only 

t
Bu-PHOX in CDCl3 shows 

31
P signal at -5.96 ppm. 

 

 

The reaction was performed using 0.034 mmol of 
t
Bu-PHOX (L4) and 0.034 mmol of 

Cu(OTf)2 in an NMR tube under nitrogen atmosphere in CDCl3. The 
31

P NMR spectrum 

was recorded and observed no 
31

P signal of the 
t
Bu-PHOX in the spectrum. This indicates 

that phosphorus atom is bound with Cu(II) complex. 

 

 

The reaction was performed using 0.034 mmol of 
t
Bu-PHOX (L4) and 0.034 mmol of 

Cu(I)OTf.PhMe in an NMR tube under nitrogen atmosphere in CDCl3. The 
31

P NMR 

spectrum was recorded and observed no 
31

P-signal of the 
t
Bu-PHOX in the spectrum. 

This indicates that phosphorus atom is bound with Cu(II) complex, which is converted 

from Cu(I)OTf.PhMe. 
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1
H-NMR and 

31
P-NMR studies of Cu-complex with 

t
Bu-PHOX (L4)  

 

 
1
H-NMR of 

t
Bu-PHOX (L4) (400 MHz, 0.4 mL CDCl3) 
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1
H-NMR of Cu(OTf)2 + 

t
Bu-PHOX (L4) (500 MHz, 0.4 mL CDCl3), sample prepared 

under nitrogen atmosphere. 

 

 
1
H-NMR of (CuOTf)2 + 

t
Bu-PHOX (L4) (500 MHz, 0.4 mL CDCl3), sample prepared 

under nitrogen atmosphere. 
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31

P-NMR of 
t
Bu-PHOX (L4) (400 MHz, 0.4 mL CDCl3) 

 
31

P-NMR of Cu(OTf)2 + 
t
Bu-PHOX (L4) (500 MHz, 0.4 mL CDCl3), sample prepared 

under nitrogen atmosphere. 
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31

P-NMR of (CuOTf)2 + 
t
Bu-PHOX (L4) (500 MHz, 0.4 mL CDCl3), sample prepared 

under nitrogen atmosphere. 

Cu-
i
Bu-PHOX (L2) preparation for Cyclic Voltagram studies: 

 

Cyclic voltammetry (CV) were carried out by three electrode configuration with a glassy 

carbon (GC) working electrode, a platinum counter electrode, and standard calomel 

electrode (SCE) as reference electrode. 

 

Reaction condition: Cu-
i
Bu-PHOX complex crystals (5 mg) in 5 mL CH2Cl2 containing 

1.0 M tetrabutylammonium hexafluorophosphate (TBAPF6). 
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Cyclic Voltagram of Cu(OTf)2 + 
i
Bu-PHOX (L2) 

 

 

 

 

 

 

 

 

 

X-ray structure of Cu(OTf)2 + 
i
Bu-PHOX complex: 

 

Cyclic voltammogram of the 

complex in CH2Cl2, potentials 

are vs SCE with Pt electrode 

using TBAP as supporting 

electrolyte. 
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Figure: X-ray structure of Cu(OTf)2 + 
i
Bu-PHOX with 50% thermal ellipsoids. 
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