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The conventional procedures in organic synthesis utilize stepwise formation of individual 

bonds and therefore require many synthetic steps. In contrast to such multistep processes, 

one-pot transformations based on multicomponent reactions (MCRs) have gained great 

importance in modern organic synthesis. The focal theme of this thesis is the exploration of 

new multicomponent reactions for the synthesis of biologically important heterocycles. In 

order to put things in perspective, a brief introduction to MCRs, their applications in 

organic synthesis and introduction on pyrroles are given in the following section. 

 

 
 
 
Multicomponent reactions 
 

 Multicomponent Reactions (MCRs) are convergent reactions, in which three or 

more starting materials react to form a product, where basically all or most of the atoms 

contribute to the newly formed product. In a MCR, a product is assembled according to a 

cascade of elementary chemical reactions. Thus, there is a network of reaction equilibria, 

which all finally flow into an irreversible step yielding the product. The challenge is to 

conduct a MCR in such a way that the network of pre-equilibrated reactions channel into 
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the main product and do not yield side products. The result is clearly dependent on the 

reaction conditions: solvent, temperature, catalyst, concentration, nature of starting 

materials and functional groups. Such considerations are of particular importance in 

connection with the design and discovery of novel MCRs.1 

Figure 1. A divergent 1-

component reaction and convergent 2- and 6-component reaction. 

Multicomponent reactions with carbonyl compounds 

Some of the first multicomponent reactions to be reported function through 

derivatization of carbonyl compounds into more reactive intermediates, which can react 

further with a nucleophile. Carbonyl compounds played a crucial role in the early discovery 

of multicomponent reactions, as displayed by a number of name reactions. 

The history of MCRs can be traced back to the work of Laurent and Gerhardt, who 

in 1838, from the reaction of bitter almond oil and ammonia, isolated a poorly soluble 

product which they called “benzoyl azotid”.2 In this reaction, the cyanohydrin derived from 

benzaldehyde and hydrocyanic acid, reacts with ammonia giving amino benzyl cyanide 

whose schiff base with benzaldehyde was called “benzoyl azotid”. 
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2. SCOPE AND SCHEME OF THE WORK 

3-substituted 3-hydroxyindolin-2-ones are important substrates for studies of 

biological activities as well as useful synthetic intermediates for drug candidates and 

alkaloids. The development of practical methods for their preparation is of interest. 

3-Substituted 3-hydroxyoxindoles are encountered in a large variety of natural 

products with a wide spectrum of biological activities, such as 

convolutamydines,1 donaxaridines,2 maremycins,3 dioxibrassinines,4 celogentin 

K,5 3’-hydroxy glucoisatisin,6 and TMC-95A.7 3-Alkenyl- and 3-aryl-substituted 3-

hydroxyindoles,8 and their derivatives 9 have been used in a number of recent 

pharmaceutical studies. The formation of quaternary carbon centers via addition of 

nucleophiles to ketone derivatives still constitutes a major challenge for synthetic 

chemistry.  

 

Scheme 1: Synthesis of 3-hydroxy-3-phenacyl oxindole from isatin and acetophenone at 
room temperature  
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Scheme 2. Synthesis of 3-hydroxy-3(2’-hydroxy)phenacyl oxindole from isatin and 
2-hydroxy acetophenone at room temperature  
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Scheme 3. Synthesis of 3-phenacylidene oxindole at room temperature 
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Scheme 4. Synthesis of pyrrolo oxindole from 3-phenacylidene oxindole, 
ethyl acetoacetate and ammonium acetate (reflux)  
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Scheme 5. Synthesis of pyrrolo oxindole from 3-phenacylidene oxindole, methyl 

acetoacetate and ammonium acetate (reflux) 
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OBJECTIVE OF THE PROJECT 
To synthesize pyrrolo oxindole by one-pot three-component reaction of 3-

phenacylideneoxindole,      ethyl acetoacetate and ammonium acetate. 

 To study the scope and limitation of this method by substituting ethyl acetoacetate 

by methyl acetoacetate. 

 To study the effect of various solvents on the one pot reaction and also to catalytic 

activity of Na2CO3 

 To synthesize the precursor (3-hydroxy-3-phenacyloxindole) by a simple and 

convenient method superior to the previously reported procedures 

 To characterize the products through 
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 FT-IR 

 1H NMR 

 13C NMR 

 Mass spectral analysis 

 

 

 

ELEMENTAL ANALYSIS  RESULTS AND DISCUSSION 
 

Among various nitrogen heterocycles, pyrroles were found to display a wide 

spectrum of biological applications. In our continued interest in the development of a 

highly expedient methodology for the synthesis of fine chemicals and heterocyclic 

compounds of biological importance, we describe herein an one-pot three component 

reaction 3-phenacylidene oxindole, ethyl acetoacetate and ammonium acetate. 

 

Pyrrole and its derivatives are ubiquitous among naturally occurring organic 

compounds. They are commonly found as structural motifs in bioactive molecules such as 

porphyrins, alkaloids and co-enzymes. In view of their importance, there has been 

continuing interest in developing novel synthetic routes. 

 

For the synthesis of pyrrolo oxindole, the precursor 3-hydroxy-3-phenacyl oxindole 

was synthesized by a new, simple and efficient method. The reaction was conducted at 

room temperature by stirring a mixture of isatin and acetophenone in methanol:water 

(1:1) containing a catalytic amount of Na2CO3 (20 mol %). The product precipitated from 

the reaction mixture. No column chromatography or recrystallization was required for its 

purification. 
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The starting material, 3-phenacylidene oxindole required for the synthesis of 

pyrrolo oxindole was synthesized by acid catalyzed dehydration of 3-hydroxy-3-phenacyl 

oxindole. 
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In our initial endeavour, we investigated the three component reaction of 3-

phenacylideneoxindole, ethyl acetoacetate and ammonium acetate with various catalysts, 

namely triethyl amine and sodium carbonate and solvent systems (methanol and ethanol) 

for the synthesis of pyrrolo oxindole. After systematic screening, sodium carbonate and 

ethanol were found to be the optimum catalyst (20 mol %) and solvent.  

 

The reaction was carried out with 3-phenacylideneoxindole (1 eq), β-keto ester (1 

eq) and ammonium acetate (2.5 eq) catalyzed by Na2CO3 (20 mol %) in ethanol and 

refluxed for 2 hours. After completion of the reaction (as indicated by TLC), the solid 
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obtained was filtered and dried. This protocol is remarkably simple and requires no 

purification technique like column chromatography 

 

 

 

 

 

 

 

 

 

Mechanism 
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CHARACTERISATION  

Result  for the Synthesis of Pyrrolo oxindole from ethyl acetoacetate: 

 

 

 

UV-254 nm visualization 

 

1. ethyl acetoacetate 

2. 3-phenacylideneoxindole 

3.  Reaction mixture 
 

1 Eluent : 50 % EA in Pet. ether  

2  

3  

4  
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Result for the Synthesis of Pyrrolo oxindole from methyl acetoacetate: 

 

UV-254 nm visualization 

1. methyl acetoacetate 

2. 3-phenacylideneoxindole 

3.  Reaction mixture 
 

5 Eluent : 50 % EA in Pet. ether  

6  

7  

8  
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Product Interpretation 

Ethyl 2-methyl-5-phenyl-4-(2-oxo-2,3-dihydro-1H-indol-3-yl)-1H-pyrrole-3-
carboxylate 

 

 

 

 

 

 

                  

 

Structure determination by using NMR Spectrum 

1H NMR (500 MHz, DMSO-d6) δ:  

2.46 (s, 3H), -CH3 

0.84 (t, 3H, J = 6.9 Hz), -CO2CH2CH3 

3.69 (m, 2H) -CO2CH2CH3 

4.59 (s, 1H) Methine proton (oxindole) 

11.63 (s, 1H, NH, D2O exchangeable) -NH (pyrrole) 

10.35 (s, 1H, NH, D2O exchangeable) -NH (oxindole) 

6.76 (m, 3H), 6.97 (m, 1H), 7.09 (m, 5H) Aromatic protons 

13CNMR (125MHz, DMSO-d6) δ:  

13.9 -CH3 

N
H

H
N

O

CO2Et

CH3

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015                                             573 
ISSN 2229-5518 

 

IJSER © 2015 
http://www.ijser.org 

13.1 -CO2CH2CH3 

57.8 -CO2CH2CH3 

178.4 -CO2CH2CH3 

163.9 -C=O (oxindole) 

44.7 Methine carbon 

108.7, 109.7, 113.7, 120.8, 122.4, 126.9, 

127.3, 127.7, 127.8, 128.8, 131.6, 131.7, 

131.8, 136.6, 142.9 

Aromatic carbons 

 

 

 Structure determination by using FT - IR Spectrum 

(KBr)νmax cm-1
 :    

3354, -NH (pyrrole) 

3211 -NH (oxindole) 

1668 -C=O (oxindole) 

1700 -C=O (ester) 

                  

Methyl 2-methyl-5-phenyl-4-(2-oxo-2,3-dihydro-1H-indol-3-yl)-1H-pyrrole-3-
carboxylate 
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Structure determination by using NMR Spectrum 

1H NMR (500 MHz, DMSO-d6) δ:  

2.40 (s, 3H) -CH3 

3.17 (s, 3H) -CO2CH3 

4.55 (s, 1H) Methine proton (oxindole) 

11.61 (s, 1H, NH, D2O exchangeable) -NH (pyrrole) 

10.32 (s, 1H, NH, D2O exchangeable) -NH (oxindole) 

7.08 (m, 1H), 7.31 (t, 1H, J = 7.65 Hz), 7.42 (t, 

2H, J = 7.65 Hz), 7.52 (d, 2H, J = 7.65 Hz) 
Aromatic protons 

13CNMR (125MHz, DMSO-d6) δ:  

12.9 -CH3 

44.6 -CO2CH3 

178.5 -CO2CH3 

164.4 -C=O (oxindole) 

49.2 Methine carbon 

108.6, 109.4, 113.9, 120.9, 122.4, 127.0, 

127.3, 128.8, 131.5, 131.7, 131.8, 136.5, 

142.9 

Aromatic carbons 
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 Structure determination by using FT - IR Spectrum 

(KBr)νmax cm-1
 :    

3357 -NH (pyrrole) 

3207 -NH (oxindole) 

1671 -C=O (oxindole) 

1694 -C=O (ester) 
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Spectral data 

1. Ethyl 2-methyl-5-phenyl-4-(2-oxo-2,3-dihydro-1H-indol-3-yl)-1H-pyrrole-3-
carboxylate 

 

 

 

 

 

 

Appearance White solid 

Melting point 317-318oC 

FT-IR (KBr)νmax cm-1 3354, 3211, 1700, 1668, 1465, 1100, 699 

1H NMR (500 MHz, DMSO d6) δ: 0.84 (t, 3H, J = 6.9 Hz), 2.46 (s, 3H), 3.69 (m, 

2H), 4.59 (s, 1H), 6.76 (m, 3H), 6.97 (m, 1H), 

7.09 (m, 5H), 10.35 (s, 1H, NH, D2O 

exchangeable), 11.63 (s, 1H, NH, D2O 

exchangeable) 

13CNMR(125MHz, DMSOd6)δ: 13.1, 13.9, 44.7, 57.8, 108.7, 109.7, 113.7, 

120.8, 122.4, 126.9, 127.3, 127.7, 127.8, 

128.8, 131.6, 131.7, 131.8, 136.6, 142.9, 

163.9, 178.4 

MS m/z                             360 (M+) 

Elemental Analysis C22H20N2O3: C, 73.32; H, 5.59; N, 7.77 %. 

Found: C, 73.27; H, 5.52; N, 7.70 % 
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2. Methyl 2-methyl-5-phenyl-4-(2-oxo-2,3-dihydro-1H-indol-3-yl)-1H-pyrrole-3-

carboxylate 

 

 

 

 

 

 

Appearance White solid 

Melting point 316-317oC 

FT-IR (KBr)νmax cm-1 3357, 3207, 1694, 1671, 1463, 1103, 696 

1H NMR (500 MHz, DMSO d6) δ: 2.40 (s, 3H), 3.17 (s, 3H), 4.55 (s, 1H), 6.79 

(m, 3H), 7.08 (m, 1H), 7.31 (t, 1H, J = 7.65 

Hz), 7.42 (t, 2H, J = 7.65 Hz), 7.52 (d, 2H, J = 

7.65 Hz), 10.32 (s, 1H, NH, D2O 

exchangeable), 11.61 (s, 1H, NH, D2O 

exchangeable) 

13CNMR(125MHz, DMSOd6)δ: 12.9, 44.6, 49.2, 108.6, 109.4, 113.9, 120.9, 

122.4, 127.0, 127.3, 128.8, 131.5, 131.7, 

131.8, 136.5, 142.9, 164.4, 178.5 

MS m/z                             346 (M+) 

Elemental Analysis C21H18N2O3: C, 72.82; H, 5.24; N, 8.09 %. 

Found: C, 72.75; H, 5.16; N, 8.01 % 
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CHAPTER – VI  

CONCLUSION 

In conclusion, we have described a facile and efficient one pot synthesis of pyrrolo 

oxindoles in good yields. Easy work-up and no purification technique was required for the 

isolation of pyrrolo oxindoles. Further, its precursor 3-hydroxy-3-phenacyl oxindole was 

prepared by a new and efficient method. It was synthesized in good yields by sodium 

carbonate catalyzed reaction of isatin with acetophenone in methanol:water (1:1). The 

present methodology offers several advantages such as excellent yields, simple procedure, 

neat and mild conditions. 
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