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Abstract - A novel and efficient synthetic method for the stereoselective 

preparation of (Z)-3-arylideneoxindoles from simple propiolamide has been 

developed utilizing a palladium-catalyzed tandem reaction. Two Sonogashira and 

reductive Heck reactions were successfully combined under microwave 

irradiation. The E/Z stereoselectivity of the reaction was enhanced by solvent 

control.

INTRODUCTION 

The 3-methyleneoxindole skeleton is an important structure found in various natural products,1 synthetic 

intermediates2 and drugs.3 Among them, 3-arylideneoxindole derivatives have attracted the attention of 

synthetic chemists due to their unique biological activities.4 

Among the various synthetic approaches to 3-arylideneoxindoles,5 the most common and simple way is 

the Knoevenagel reaction of oxindoles and aryl aldehydes.6 However, the E/Z stereoselectivity of this 

reaction system is generally low. In 2005, Takemoto and coworkers reported an elegant 

palladium-catalyzed approach for the stereoselective synthesis of (E)- and (Z)-3-arylideneoxindoles 

respectively (Scheme 1).7 (E)-3-Arylideneoxindoles were obtained in good yield from a non-substituted 

propiolamide (1, R=H) via successive palladium-catalyzed reactions, the Heck and Suzuki-Miyaura 

reactions. The synthesis of (Z)-3-arylideneoxindoles was also achieved by the reductive Heck cyclization 

of substituted propiolamides (1, R=aryl). However, the substrate scope of these methods has not been 

fully evaluated. Thus, a novel stereoselective method for 3-arylideneoxindole synthesis remains in 

demand. (Z)-3-Arylideneoxindoles, which are dominant over (E)-isomers in biologically active 

compounds, are especially intriguing target.8 As a part of our ongoing efforts to develop efficient and 

novel synthetic methods for 3-methyleneoxindole derivatives,9 we evaluated one-pot conditions for the 
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Z-selective synthesis of 3-arylidenoxindoles from non-substituted propiol amide 3 by combining the 

Sonogashira and reductive Heck reactions. 

 

 

Scheme 1. Synthetic approaches for 3-arylidene-2-oxindoles 

RESULTS AND DISCUSSION 

To identify the optimal conditions for the synthesis of (Z)-3-arylideneoxindoles we began with our 

previous tandem Sonogashira/Heck/Suzuki-Miyaura reaction conditions.9 As an alternate route, 

arylboronic acid was exchanged with HCO2NH4 as the hydride source (Table 1, Entry 1) in the 

Sonogashira/reductive Heck reaction. Under these conditions, the desired product 5a was obtained in 67% 

yield (E/Z = 2:1) with the remaining intermediate 4a in 22% yield (Entry 1). In our previous study of 

tandem Sonogashira, Heck and Suzuki-Miyaura reactions, we found that Sonogashira step proceeded 

smoothly at low temperature while the following Heck and Suzuki-Miyaura reactions required higher 

reaction temperature.9a Thus, the incomplete reaction of entry 1 implies that the second reductive Heck 

reaction needs more harsh conditions rather than the first Sonogashira step. To complete the reaction, the 

temperature was increased to 180 ℃, which provided the desired product 5a in 77% yield (E/Z = 2:1), 

although a small amount of the Sonogashira adduct 4a remained (Entry 2). At 250 ℃ the reaction 

proceeded to completion but with a slightly decreased yield of 64% (E/Z = 2:1) (Entry 3). The reaction 

without Ag3PO4, key additive for high stereoselectivity,9 resulted in slightly lower yields (Entry 4, 66%, 

E/Z = 2:1). Changing the hydride source from HCO2NH4 to HCO2Na resulted in low yields. (Entry 5, 

63%, E/Z = 2:1). Interestingly, all of the above reaction conditions gave the same E/Z stereoselectivity 

(E/Z = 2:1). This implies that E/Z-isomerization of products occurs quickly to reach an equilibrium ratio 

of 2:1. 
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Table 1. First optimization of the tandem Sonogashira/ reductive Heck reactiona) 

 

Entry 
Temp 

(℃) 

Time 

(min) 
4a (%) 

5a 

Yieldb) (%) E/Z ratio 

1 150 10 22 67 2:1 

2 180 10 3 77 2:1 

3 250 10 - 64 2:1 

 4c) 180 10 - 66 2:1 

 5d) 180 10  - 63 2:1 
a)Reagents and conditions: 3 (0.17 mmol), phenyl iodide (1.1 eq), Pd(PPh3)4 (10 mol%), CuI (5 

mol%), NaOAc (3.0 eq), Ag3PO4 (1.1 eq), PPh3 (30 mol%), HCO2NH4 (1.2 eq), DMF (3.0 mL), 

μW, temp., time. b)Combined isolated yield of E- and Z-isomers. c)Without Ag3PO4. 
d)HCO2Na 

instead of HCO2NH4 was added.  

 

To elucidate the reason(s) for this isomeric equilibration under all of these reaction conditions, an E/Z 

isomerization study was conducted for each reagent (Table 2). In all cases, each pure isomer was partly 

isomerized into the other. (Z)-5a isomerized into (E)-5a to give E/Z ratios of 1.1:1 to 2.3:1 (Entries 1–4). 

(E)-5a was slightly less prone to isomerization, resulting in E/Z ratios of 2:1 to 2.7:1 (Entries 5–8). 

Interestingly, even without any reagent, isomerization occurred in the DMF solvent under microwave 

irradiation (150 ℃, 10 min) (Entries 4 and 8). These results are consistent with those of Li’s group, where 

(Z)-isomer was isomerized into the (E)-isomer by heating in toluene (140 ℃, 10 h).10  

 

Table 2. E/Z Isomerizationa) 

 

Entry Starting Material Reagent E/Z ratioa) 

1 (Z)-5a Pd(PPh3)4 (10 mol%) 1.7:1 

2 (Z)-5a PPh3 (30 mol%) 1.2:1 

3 (Z)-5a NaOAc (3.0 eq) 2.3:1 

4 (Z)-5a none 1:1.1 
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5 (E)-5a Pd(PPh3)4 (10 mol%) 2:1 

6 (E)-5a PPh3 (30 mol%) 2.7:1 

7 (E)-5a NaOAc (3.0 eq) 2.2:1 

8 (E)-5a none 2.2:1 
a) Ratio was determined by 1H NMR of the crude mixture. 

 

Because E/Z isomerization occurred easily in DMF at high temperatures, the next step in finding optimal 

conditions was solvent screening (Table 3). The same reaction in acetonitrile (ACN) provided the desired 

product in a low yield but with slightly higher E/Z stereoselectivity (Entry 1: 35% yield, E/Z = 1:2). 

Tetrahydrofuran (THF) as a solvent dramatically increased the E/Z stereoselectivity to 1:7 with a 

moderate 51% yield (Entry 2). Higher reaction temperature (180 ℃) in THF improved yields up to 60%, 

but resulted in much lower stereoselectivity (Entry 3: E/Z = 1:3.5). Interestingly, the absence of the 

phosphine ligand slightly improved both yield and E/Z stereoselectivity (Entry 4: 61% yield, E/Z = 1:8). 

Elongation of the reaction time to 20 min increased yield at the expense of E/Z stereoselectivity (Entry 5: 

70% yield, E/Z = 1:6). Performing the reaction at 130 ℃ resulted in high stereoselectivity, but the 

reaction did not rut to completion, resulting in low yields (Entry 6: 53% yield, E/Z = 1:8). Using none or 

only a small amount (0.5 eq) of silver salt dramatically reduced both yield and stereoselectivity, which 

proved the essential role of silver salt in our system (Entries 7 and 8).9 As the amount of HCO2NH4 was 

increased to two equivalents, yields also increased to 87% with moderate E/Z stereoselectivity (Entry 9: 

E/Z = 1:5). Using three equivalents of HCO2NH4 resulted in 95% yield with an E/Z = 1:4 (Entry 10). 

 

Table 3. Second optimization of the tandem Sonogashira/ reductive Heck reactiona) 

 

Entry Solvent Ligand 
Temp 

(℃) 

Time 

(min) 
4a (%) 

5a 

Yieldb) (%) E/Z ratio 

1 ACN PPh3 150 10 35 35 1:2 

2 THF PPh3 150 10 28 51 1:7 

3 THF PPh3 180 5 26 60 1:3.5 

4 THF - 150 10 26 61 1:8 

5 THF - 150 20 15 70 1:6 

6 THF - 130 20 27 53 1:8 

 7c) THF - 150 10 28 - - 
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 8d) THF - 150 10 41 38 1:3 

 9e) THF - 150 20 11 87 1:5 

10f) THF - 150 20 4 95 1:4 
a)Reagents and conditions: 3 (0.17 mmol), phenyl iodide (1.1 eq), Pd(PPh3)4 (10 mol%), CuI (5 

mol%), NaOAc (3.0 eq), Ag3PO4 (1.1 eq), PPh3 (30 mol%), HCO2NH4 (1.2 eq), solvent (3.0 mL), 

μW, temp., time. b)Combined isolated yield of E- and Z-isomers. c)without Ag3PO4. 
d)0.5 eq of 

Ag3PO4 was added. e)2.0 eq of HCO2NH4 was added. f)3.0 eq of HCO2NH4 was added. 

 

With the optimal reaction conditions in hand, we investigated the substrate scope of the tandem 

Sonogashira/reductive Heck reaction (Table 4). Regardless of the substitution position or electronic 

properties of the substituents on the aryl group, all of the reactions gave the corresponding 

3-arylideneoxindoles in good yields with moderate (Z)-stereoselectivities (Entries 1–8). However, placing 

an electron-donating methoxy group at the 4-position of aryl iodide resulted in low yields and low 

stereoselectivity (Entry 1: 72% yield, E/Z ratio = 1:2.5). Reducing the amount of HCO2NH4 to two 

equivalents recovered the stereoselectivity (E/Z ratio = 1:5) with a slight decrease in yield (66%) (Entry 

2). The introduction of a heteroaryl group also resulted in good yield and stereoselectivity (Entry 8).  

 

Table 4. Substrate scope of the tandem Sonogashira/ reductive Heck reactiona) 

 

Entry Ar 5 Yieldb) (%) E/Z ratio 

1 4-MeOC6H4 5b 72 1:2.5 

 2c) 4-MeOC6H4 5b 66 1:5 

3 4-ClC6H4 5c 99 1:4.5 

4 4-NO2C6H4 5d 99 1:4 

5 3-MeOC6H4 5e 83 1:4.5 

6 3-ClC6H4 5f 99 1:4 

7 3-NO2C6H4 5g 97 1:3.5 

8 3-pyridinyl 5h 99 1:4 
a)Reagents and conditions: 3 (0.17 mmol), Ar-I (1.1 eq), Pd(PPh3)4 (10 mol%), CuI (5 mol%), 

NaOAc (3.0 eq), Ag3PO4 (1.1 eq), HCO2NH4 (3.0 eq), THF (3.0 mL), μW, temp., time. 

b)Combined isolated yield of E- and Z-isomers. c)2.0 eq of HCO2NH4 was added. 
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In conclusion, we have developed a novel and efficient synthetic method, featuring a palladium-catalyzed 

tandem reaction consisting of the Sonogashira and reductive Heck reactions, for the stereoselective 

synthesis of (Z)-3-arylideneoxindoles in excellent yields. Our method provides a quick synthetic approach 

to diverse (Z)-3-arylideneoxindoles from the simple propiol amide 3 and can be used in diversity-oriented 

syntheses of various derivatives for a wide range of applications.  

EXPERIMENTAL 

All reactions were performed under an argon atmosphere with dry solvents, unless otherwise stated. Dry 

tetrahydrofuran (THF), and methylene chloride (CH2Cl2) were obtained from Ultimate Solvent 

Purification System (JC Meyer Solvent System, Laguna Beach, CA, USA). Other dry solvents were 

purchased as anhydrous grade. All commercially available reagents were purchased and used without 

further purification. Microwave reaction was conducted on microwave reactor of Biotage Initiator+. 

Reactions were monitored by thin-layer chromatography (TLC) on silica gel plates (Merck TLC Silica 

Gel 60 F254, Darmstadt, Germany) using UV light, PMA (an ethanolic solution of phosphomolybdic acid) 

as visualizing agent. Purification of products was conducted by column chromatography through silica 

gel 60 (0.060−0.200 mm). Melting points of all solid compounds were determined by Buchi M-565. IR 

spectra were recorded on a Jasco P-2000 FT-IR spectrometer. NMR spectra were obtained on Bruker 

AVANCE III 500 MHz (Bruker Corporation, Billerica, MA, USA) using residual undeuterated solvent or 

TMS (tetramethylsilane) as an internal reference. 

 

General Procedure for Tandem Sonogashira/Reductive Heck Reaction 

A microwave reaction vial was charged with 3 (0.168 mmol, 1.0 equiv.), aryl iodide (0.185 mmol, 1.1 

equiv.), HCO2NH4 (0.504 mmol, 3.0 equiv.), NaOAc (0.504 mmol, 3.0 equiv.), CuI (0.0084 mmol, 5 

mol%), Pd(PPh3)4 (0.0168 mmol, 10 mol%), Ag3PO4 (0.185 mmol, 1.1 equiv.) and THF (3 mL). The 

reaction vial was sealed and exposed to microwave irradiation conditions with indicated time and 

temperature (150 °C, 20 min). The mixture was cooled to 25 °C and diluted with EtOAc (100 mL). 

Organic layer was washed with H2O (20 mL×3), then dried (Na2SO4), filtered and concentrated under 

reduced pressure. The crude residue was purified by column chromatography (silica gel, hexane:EtOAc or 

CH2Cl2:MeOH) to afford 3-arylidene-2-oxindoles 5a-h. 

 

(Z)-3-Benzylidene-1-methylindolin-2-one ((Z)-5a) 

Yellow solid; mp 100.8 °C (lit.11 106 °C); Rf = 0.32 (silica gel, hexanes:EtOAc 6:1); IR (film) 2930, 2371, 

1686, 1468, 1090, 751, 688 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.30 (d, J = 6.8 Hz, 2H), 7.54−7.52 

(m, 2H), 7.47−7.40 (m, 3H), 7.29 (td, J = 7.7, 1.0 Hz, 1H), 7.06 (td, J = 7.6, 0.9 Hz, 1H), 6.81 (d, J = 7.8 
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Hz, 1H), 3.27 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 166.3, 142.5, 137.2, 134.0, 132.1, 130.6, 

129.0, 128.4, 126.2, 124.5, 121.9, 119.1, 108.0, 26.1 ppm. 

(E)-3-Benzylidene-1-methylindolin-2-one ((E)-5a)12 

Yellow oil; Rf = 0.21 (silica gel, hexanes:EtOAc 6:1); IR (film) 3054, 2930, 1704, 1606, 1468, 1101, 777, 

697 cm–1; 1H NMR (500 MHz, CDCl3): δ = 7.86 (s, 1H), 7.64 (t, J = 7.8 Hz, 3H), 7.48−7.42 (m, 3H), 

7.27 (t, J = 7.6 Hz, 1H), 6.88 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 3.29 (s, 3H) ppm; 13C NMR 

(125 MHz, CDCl3): δ = 168.6, 144.4, 137.3, 135.2, 129.9, 129.6, 129.4, 128.8, 127.4, 122.9, 121.9, 121.3, 

108.3, 26.3 ppm. 

(Z)-3-(4-Methoxybenzylidene)-1-methylindolin-2-one ((Z)-5b)11 

Yellow solid; mp 124.0 °C; Rf = 0.31 (silica gel, hexanes:EtOAc 4:1); IR (film) 3056, 2929, 1683, 1588, 

1249, 1179, 742 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.41−8.38 (m, 2H), 7.51 (d, J = 7.5 Hz, 1H), 7.49 

(s, 1H), 7.26 (td, J = 7.5, 1.1 Hz, 1H), 7.05 (td, J = 7.6, 0.9 Hz, 1H), 6.98−6.95 (m, 2H), 6.81 (d, J = 7.8 

Hz, 1H), 3.88 (s, 3H), 3.29 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 166.6, 161.7, 142.0, 137.2, 

134.6, 128.3, 127.2, 125.0, 123.7, 121.8, 118.6, 113.9, 107.9, 55.5, 26.1 ppm. 

(E)-3-(4-Methoxybenzylidene)-1-methylindolin-2-one ((E)-5b)11 

Yellow oil; Rf = 0.19 (silica gel, hexanes:EtOAc 4:1); IR (film) 3055, 2932, 1698, 1599, 1250, 1174, 833 

cm–1; 1H NMR (500 MHz, CDCl3): δ = 7.81 (s, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.65 (d, J = 8.7 Hz, 2H), 

7.26 (t, J = 7.7 Hz, 1H), 6.99 (d, J = 8.8 Hz, 2H), 6.93−6.90 (m, 1H), 6.83 (d, J = 7.9 Hz, 1H), 3.88 (s, 

3H), 3.29 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 169.0, 161.0, 144.2, 137.5, 131.6, 129.5, 127.5, 

125.5, 122.5, 121.8, 121.6, 114.2, 108.2, 55.5, 26.3 ppm. 

(Z)-3-(4-Chlorobenzylidene)-1-methylindolin-2-one ((Z)-5c) 

Yellow solid; mp 151.4 °C (lit.13 151-152 °C); Rf = 0.27 (silica gel, hexanes:EtOAc 6:1); IR (film) 2787, 

2318, 1686, 1605, 1087, 829, 745 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.26 (d, J = 8.5 Hz, 2H), 7.50 

(d, J = 7.5 Hz, 1H), 7.44 (s, 1H), 7.40 (d, J = 8.5 Hz, 2H), 7.30 (td, J = 7.7, 0.8 Hz, 1H), 7.06 (t, J = 7.6 

Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 3.26 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 166.2, 142.6, 

136.5, 135.5, 133.4, 132.5, 129.3, 128.6, 126.7, 124.3, 122.1, 119.1, 108.1, 26.1 ppm. 

(E)-3-(4-Chlorobenzylidene)-1-methylindolin-2-one ((E)-5c) 

Yellow solid; mp 105.0 °C (lit.8c 107-109 °C); Rf = 0.25 (silica gel, hexanes:EtOAc 4:1); IR (film) 3729, 

2928, 1706, 1607, 1469, 1095, 777 cm–1; 1H NMR (500 MHz, CDCl3): δ = 7.77 (s, 1H), 7.58 (t, J = 7.4 

Hz, 3H), 7.44 (d, J = 8.5 Hz, 2H), 7.28 (td, J = 7.8, 0.7 Hz, 1H), 6.90 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.8 

Hz, 1H), 3.28 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 168.4, 144.6, 135.6, 135.5, 133.6, 130.8, 

130.2, 129.1, 127.9, 122.9, 122.0, 121.0, 108.5, 26.3 ppm. 

(Z)-1-Methyl-3-(4-nitrobenzylidene)indolin-2-one ((Z)-5d) 

Red solid; mp 187.6 °C (lit.14 187.6-189.1 °C); Rf = 0.53 (silica gel, CH2Cl2 only); IR (film) 3108, 3058, 
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2928, 1676, 1517, 1336, 742 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.36 (d, J = 8.7 Hz, 2H), 8.28−8.25 

(m, 2H), 7.55 (d, J = 7.5 Hz, 1H), 7.52 (s, 1H), 7.35 (td, J = 7.7, 0.9 Hz, 1H), 7.09 (td, J = 7.6, 0.7 Hz, 

1H), 6.84 (d, J = 7.8 Hz, 1H), 3.27 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 165.9, 148.2, 143.3, 

140.0, 133.2, 132.4, 130.4, 129.8, 123.6, 123.5, 122.4, 119.9, 108.4, 26.2 ppm. 

(E)-1-Methyl-3-(4-nitrobenzylidene)indolin-2-one ((E)-5d) 

Red solid; mp 230.4 °C (lit.14 167.6-168.5 °C); Rf = 0.31 (silica gel, CH2Cl2 only); IR (film) 3101, 2929, 

1695, 1518, 1469, 1341, 780 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.33 (d, J = 8.8 Hz, 2H), 7.79−7.78 

(m, 3H), 7.43 (d, J = 7.6 Hz, 1H), 7.32 (t, J = 7.7 Hz, 1H), 6.89 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.8 Hz, 

1H), 3.29 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 167.9, 148.1, 145.0, 141.9, 133.4, 131.1, 130.11, 

130.10, 124.1, 123.0, 122.2, 120.5, 108.8, 26.4 ppm. 

(Z)-3-(3-Methoxybenzylidene)-1-methylindolin-2-one ((Z)-5e) 

Yellow solid; mp 139.9 °C (lit.14 106.9-108.4 °C); Rf = 0.38 (silica gel, hexanes:EtOAc 4:1); IR (film) 

3094, 2944, 1684, 1568, 1257, 1050, 784, 746 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.36−8.35 (m, 1H), 

7.64 (d, J = 7.6 Hz, 1H), 7.53−7.51 (m, 2H), 7.35 (t, J = 7.9 Hz, 1H), 7.29 (td, J = 7.7, 1.0 Hz, 1H), 7.06 

(td, J = 7.6, 0.9 Hz, 1H), 7.00 (ddd, J = 8.2, 2.5, 0.7 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 3.92 (s, 3H), 3.28 

(s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 166.3, 159.6, 142.4, 137.2, 135.3, 129.2, 129.0, 126.3, 

125.3, 124.6, 121.9, 119.0, 117.7, 116.0, 108.0, 55.6, 26.1 ppm. 

(E)-3-(3-Methoxybenzylidene)-1-methylindolin-2-one ((E)-5e) 

Yellow solid; mp 132.2 °C (lit.15 139-140 °C); Rf = 0.22 (silica gel, hexanes:EtOAc 4:1); IR (film) 3002, 

2934, 1692, 1606, 1258, 1105, 693 cm–1; 1H NMR (500 MHz, CDCl3): δ = 7.83 (s, 1H), 7.67 (d, J = 7.6 

Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 7.29−7.23 (m, 2H), 7.16 (s, 1H), 6.97 (dd, J = 8.2, 2.3 Hz, 1H), 6.89 (t, 

J = 7.6 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H), 3.84 (s, 3H), 3.29 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ 

= 168.6, 159.8, 144.5, 137.1, 136.5, 129.9, 129.8, 127.6, 123.1, 121.9, 121.8, 121.3, 115.6, 114.4, 108.3, 

55.5, 26.3 ppm. 

(Z)-3-(3-Chlorobenzylidene)-1-methylindolin-2-one ((Z)-5f) 

Yellow solid; mp 105.8 °C (lit.14 106.9-108.4 °C); Rf = 0.35 (silica gel, hexanes:EtOAc 4:1); IR (film) 

3059, 2929, 1685, 1468, 1093, 1041, 749 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.36 (s, 1H), 8.14−8.12 

(m, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.43 (s, 1H), 7.39−7.37 (m, 2H), 7.31 (t, J = 7.7 Hz, 1H), 7.07 (t, J = 

7.6 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 3.27 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 166.1, 142.8, 

135.6, 135.1, 134.3, 131.6, 130.3, 130.1, 129.55, 129.54, 127.6, 124.1, 122.1, 119.3, 108.2, 26.1 ppm. 

(E)-3-(3-Chlorobenzylidene)-1-methylindolin-2-one ((E)-5f) 

Yellow solid; mp 130.0 °C (lit.14 80.4-81.6 °C); Rf = 0.28 (silica gel, hexanes:EtOAc 4:1); IR (film) 3053, 

2929, 1697, 1606, 1473, 1106, 757 cm–1; 1H NMR (500 MHz, CDCl3): δ = 7.75 (s, 1H), 7.61 (s, 1H), 

7.54−7.50 (m, 2H), 7.40−7.39 (m, 2H), 7.29 (t, J = 7.7 Hz, 1H), 6.90 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.8 

HETEROCYCLES, Vol. 100, No. 12, 2020 2057



 

Hz, 1H), 3.28 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ = 168.3, 144.6, 137.0, 135.2, 134.8, 130.4, 

130.1, 129.5, 129.1, 128.5, 127.4, 123.0, 122.1, 120.9, 108.5, 26.3 ppm. 

(Z)-1-Methyl-3-(3-nitrobenzylidene)indolin-2-one ((Z)-5g)6b 

Orange solid; mp 175.8 °C; Rf = 0.19 (silica gel, hexanes:EtOAc 4:1); IR (film) 3077, 2925, 1687, 1528, 

1343, 1092, 671 cm–1; 1H NMR (500 MHz, CDCl3): δ = 9.11 (s, 1H), 8.59 (d, J = 7.8 Hz, 1H), 8.23 (dd, J 

= 8.2, 1.3 Hz, 1H), 7.59 (t, J = 8.0 Hz, 1H), 7.53 (d, J = 7.5 Hz, 1H), 7.50 (s, 1H), 7.33 (td, J = 7.7, 0.9 Hz, 

1H), 7.08 (td, J = 7.6, 0.6 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 3.27 (s, 3H) ppm; 13C NMR (125 MHz, 

CDCl3): δ = 165.9, 148.3, 143.0, 137.2, 135.4, 133.3, 130.1, 129.2, 129.0, 126.4, 124.5, 123.6, 122.3, 

119.6, 108.4, 26.2 ppm. 

(E)-1-Methyl-3-(3-nitrobenzylidene)indolin-2-one ((E)-5g)6b 

Yellow solid; mp 145.3 °C; Rf = 0.32 (silica gel, hexanes:EtOAc 2:1); IR (film) 2921, 2851, 1713, 1610, 

1530, 1351, 741 cm–1; 1H NMR (500 MHz, CDCl3): δ = 8.51 (s, 1H), 8.28 (dd, J = 8.2, 1.7 Hz, 1H), 7.93 

(d, J = 7.6 Hz, 1H), 7.80 (s, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.32 (td, J = 7.8, 0.9 

Hz, 1H), 6.90 (td, J = 7.7, 0.8 Hz, 1H), 6.86 (d, J = 7.8 Hz, 1H), 3.30 (s, 3H) ppm; 13C NMR (125 MHz, 

CDCl3): δ = 168.0, 148.6, 145.0, 137.0, 135.2, 133.3, 131.0, 130.0, 129.7, 124.1, 124.0, 122.8, 122.3, 

120.5, 108.8, 26.4 ppm. 

(Z)-1-Methyl-3-(pyridin-3-ylmethylene)indolin-2-one ((Z)-5h)6a 

Orange oil; Rf = 0.24 (silica gel, 1% NH4OH, hexanes:EtOAc 1:1); IR (film) 3053, 2932, 1693, 1607, 

1471, 1091, 786, 704 cm–1; 1H NMR (500 MHz, CDCl3): δ = 9.14 (d, J = 8.1 Hz, 1H), 8.95 (brs, 1H), 

8.61 (brs, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.47 (s, 1H), 7.40−7.38 (m, 1H), 7.32 (td, J = 7.7, 1.1 Hz, 1H), 

7.08 (td, J = 7.6, 0.8 Hz, 1H), 6.82 (d, J = 7.7 Hz, 1H), 3.27 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3): δ 

= 166.1, 152.9, 150.7, 142.8, 138.3, 132.6, 130.1, 129.8, 128.6, 123.8, 123.3, 122.2, 119.5, 108.3, 26.1 

ppm. 

(E)-1-Methyl-3-(pyridin-3-ylmethylene)indolin-2-one ((E)-5h)6a 

Orange oil; Rf = 0.24 (silica gel, 1% NH4OH, hexanes:EtOAc 1:1); 1H NMR (500 MHz, CDCl3): δ = 8.90 

(brs, 1H), 8.66 (brs, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.76 (s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.42−7.41 (m, 

1H), 7.28 (td, J = 7.7, 1.0 Hz, 1H), 6.89 (td, J = 7.7, 0.9 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 3.28 (s, 3H) 

ppm; 13C NMR (125 MHz, CDCl3): δ = 168.0, 150.3, 150.1, 144.7, 136.4, 132.7, 131.3, 130.6, 129.3, 

123.6, 122.8, 122.2, 120.8, 108.6, 26.4 ppm. 
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