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General consideration: All solvents were purified by conventional methods, distilled before use. 1 H 

NMR and 13C NMR spectra were recorded on Bruker AV 400 at ambient temperature with CDCl3 and 

DMSO-d6 as solvent and TMS as internal standard. Chemical shifts (δ) were given in ppm, referenced to 

the residual proton resonance of TMS (0), to the carbon resonance of the CDCl3 (77.23) and DMSO-d6 

(40.45). Coupling constants (J) were given in Hertz (Hz). Optical rotations were measured with 

PerkinElmer 341 polarimeter. Flash column chromatography was performed on silica gel (200-300 mesh). 

All solvents were purified by conventional methods, distilled before use. Commercially available reagents 

were used without further purification. 

 

Typical procedure for the synthesis of substrate 1a: A mixture of isatin (5.0 mmol), malononitrile 

(0.302 g, 5.5 mmol) and piperidine (0.05 mL) in EtOH (10 mL) was stirred at room temperature for 4 h. 

After filtration and removal of the solvents, the residue was recrystallized from ethanol to give the pure 

substrate. 

 

 

2-(2-oxoindolin-3-ylidene)malononitrile (1a)1: 1H NMR (400 MHz, DMSO-d6): δ 11.21 (s, 1H), 7.89 (d, 

J = 8.0 Hz, 1H), 7.57 (dd, J = 8.0, 7.6 Hz, 1H), 7.14 (dd, J = 8.0, 7.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H); 

13C NMR (100 MHz, DMSO-d6): δ 164.7, 151.5, 147.4, 138.7, 126.7, 123.8, 119.6, 114.0, 112.5, 112.4, 

81.5. 
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2-(4-chloro-2-oxoindolin-3-ylidene)malononitrile (1b)1: 1H NMR (400 MHz, DMSO-d6): δ 11.46 (s, 

1H), 7.54 (dd, J = 8.0, 8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H); 13C NMR (100 

MHz, DMSO-d6): δ 163.7, 148.2, 148.1, 138.6, 132.8, 124.4, 116.7, 114.1, 112.9, 110.3, 83.9. 

 

 

2-(5-methoxy-2-oxoindolin-3-ylidene)malononitrile (1c)2: 1H NMR (400 MHz, DMSO-d6): δ 10.99 (s, 

1H), 7.31 (d, J = 2.4 Hz, 1H), 7.17 (dd, J = 8.4, 2.4 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 3.74 (s, 3H); 13C 

NMR (100 MHz, DMSO-d6): δ 164.6, 155.7, 151.5, 141.5, 125.0, 119.8, 113.8, 113.4, 1112.3, 111.0, 81.6, 

56.5. 

 

 

2-(5-methyl-2-oxoindolin-3-ylidene)malononitrile (1d)3: 1H NMR (400 MHz, DMSO-d6): δ 11.10 (s, 

1H), 7.66 (s, 1H), 7.40 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 2.28 (s, 3H); 13C NMR (100 MHz, 

DMSO-d6): δ 164.7, 151.5, 145.4, 139.5, 132.9, 126.6, 119.6, 114.0, 112.5, 112.5, 81.2, 21.4. 

 

 

2-(5-chloro-2-oxoindolin-3-ylidene)malononitrile (1e)4: 1H NMR (400 MHz, DMSO-d6): δ 11.36 (s, 

1H), 7.77 (s, 1H), 7.63 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 

164.4, 150.6, 146.1, 137.8, 127.4, 125.7, 120.9, 114.2, 113.7, 112.1, 82.9. 
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2-(6-chloro-2-oxoindolin-3-ylidene)malononitrile (1f)5: 1H NMR (400 MHz, DMSO-d6): δ 11.39 (s, 

1H), 7.86 (d, J = 8.4 Hz, 1H), 7.22 (dd, J = 8.4, 1.6 Hz, 1H), 6.98 (d, 1.6 Hz, 1H); 13C NMR (100 MHz, 

DMSO-d6): δ 164.7, 150.4, 148.5, 142.8, 128.1, 123.9, 118.5, 113.9, 112.6, 112.3, 81.9. 

 

 

2-(6-methyl-2-oxoindolin-3-ylidene)malononitrile (1g) 6: Purple solid; mp. 296-298 °C; IR (film) 3273, 

1723, 1631, 1596 cm-1; 1H NMR (400 MHz, DMSO-d6): δ 11.17 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 6.95 (d, 

J = 8.0 Hz, 1H), 6.76 (s, 1H), 2.37 (s, 3H); 13C NMR (100 MHz, DMSO-d6): δ 164.1, 150.3, 150.0, 146.9, 

125.8, 123.8, 116.2, 113.3, 112.1, 111.7, 78.9, 22.3; HRMS (ESI): Calcd. for C12H7ON3Na (M+Na): 

232.0481; Found: 232.0484. 

 

 

(Z)-2-(2-oxoindolin-3-ylidene)acetonitrile (1h)7: 1H NMR (400 MHz, CDCl3): δ 10.89 (s, 1H), 7.86 (d, 

J = 7.6 Hz, 1H), 7.42 (dd, J = 7.6, 7.6 Hz, 1H), 7.10 (dd, J = 7.6, 7.6 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 

6.53 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 166.9, 145.6, 144.7, 134.8, 124.9, 123.3, 120.3, 117.8, 111.9, 

98.6. 
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(Z)-2-(5-methyl-2-oxoindolin-3-ylidene)acetonitrile (1i)8: Red solid; mp. 167-169 °C; IR (film) 3237, 

2213, 1731, 1720 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.87 (s, 1H), 7.61(brs, 1H), 7.20 (d, J = 8.0 Hz, 

1H), 6.77 (d, J = 8.0 Hz, 1H), 6.27 (s, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 167.1, 144.1, 

140.9, 134.6, 133.3, 125.9, 120.1, 116.3, 110.7, 97.5, 21.2; HRMS (ESI): Calcd. for C11H8ON2Na 

(M+Na): 207.0529; Found: 207.0532. 
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The chromatography for the determination of enantiomeric excess 

Table 2, entry 1 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

        

       

 
Table 2, entry 2 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 3 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

        

        

Table 2, entry 4 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 5 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

        

         

 

Table 2, entry 6 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 7 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(80/20); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

        

         

 

Table 2, entry 8 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(90/10); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 9 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(90/10); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

         

         

 

Table 2, entry 10 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 11 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

      

       

 

Table 2, entry 12 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 13 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(99/1); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 

         

         

 

Table 2, entry 14 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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Table 2, entry 15 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical Industries, Ltd., Eluent: Hexanes/IPA 

(95/5); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                         Chiral 
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