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Abstract: Bismuth nitrate-catalyzed, automated microwave-assisted expeditious synthesis of β-

enaminones and β-enaminoesters has been carried out in an efficient manner under solvent-free 

condition. The reaction is general for primary, secondary (cyclic, heterocyclic and acyclic), 

benzylic as well as aromatic amines.  
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Introduction: Enamination of β-dicarbonyl compounds to form β-enaminones and β-

enaminoesters is a significant and widely used transformation in organic chemistry
1
. The 

products can be used as an important scaffold for the synthesis of several bioactive compounds 

which includes anticancer
2
, antibacterial

3
, anti-inflammatory

4
 and anticonvulsant

5
 agents. They 

are valuable intermediates for the synthesis of biologically active amino acids
6
, alkaloids

7
, 

aminols
8
 as well as peptides

9
. Consequently, many methods

10
 for the synthesis of β-enaminones 

and β-eneminoesters have been developed
 
using different catalysts, solvents and conditions. 

Recently, bismuth salts have emerged as efficient Lewis acids due to their relatively low toxicity, 

ready availability at a low cost and tolerance of trace amounts of water. Therefore, we have 

investigated bismuth salts to address some of the limitations posed by known methods. Herein, in 

continuation of our research on bismuth salts-catalyzed
11

 reactions, we disclose a novel one-pot 

synthesis of structurally diverse β- enaminones and β-enaminoesters by reacting amines with β-

dicarbonyl compounds in the presence of catalytic amount (~5 mol%) of bismuth nitrate 

pentahydrate under solvent-free condition (Scheme 1). 

  

Scheme 1 
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Table 1. 

Entry Amine β-dicarbonyl 
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Yield 
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1 98 
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5 90 

11 

 
 

 

5 94 

a
Isolated yield 

 

Results and Discussion: Currently, there has been an increasing demand for efficient synthetic 

processes and solvent-free reactions due to environmental concerns.  Reaction of β-dicarbonyl 

compounds with amines results in the formation of β-enaminones or β-enaminoesters (Scheme 

1). A number of bismuth salts (5 mol%) have been screened using the reaction of acetylacetone 

and aniline (1:1 molar ratio) as a probe. Bismuth nitrate has been found to be the best one.  

challenging and timely. The present methodology has been tested with several primary, 

secondary (cyclic, heterocyclic and acyclic), benzylic as well as aromatic amines with β-

dicarbonyl compounds; the results which have been very encouraging (Table 1). 

 

In a typical experiment, equimolar amounts of acetylacetone and aniline were irradiated by CEM 

automated microwave instrument in the presence of bismuth nitrate pentahydrate (5 mol%) to 

obtain the corresponding 4-(phenylamino)pent-3-ene-2-one in 99% yield (entry 1) and the 

reaction was completed within 3 minutes. Encouraged by this result, the acetylacetone was 

treated with cyclohexyl amine (entry 2), morpholine (entry 3) and benzyl amine (entry 11) to 

afford the corresponding products in excellent yields (Table 1). In a similar manner, 1,3-

cyclohexanedione was reacted with various amines like aniline (entry 4), alicyclic (entry 5), 

heterocyclic (entry 6) and n-butyl amine (entry 7) to get the desired products in very good yields. 

In the case of β-ketoester (ethyl acetoacetate) and various amines, the reactions take place very 

smoothly to afford the desired products in very good yields (entries 8, 9 and 10). To confirm the 

role of catalyst, a blank reaction was carried out at similar reaction conditions with aniline and 

acetylacetone in absence of catalyst. Only 50% completion was found even after irradiating for a 

long reaction time (1h). It clearly shows the role of catalyst bismuth nitrate pentahydrate for 

activation of the carbonyl group. All the reactions were completed within 1-5 minutes to give the 

desired products in excellent yields (89- 99%), with high regio and chemoselectivity, without 

forming any side products. In all the cases the catalyst was used in 5 mol% only. In general the 

nucleophilic addition of amines to carbonyl compounds shows some steric effects on the rate of 

reaction. In the case of aliphatic amines the rate of reaction is little faster when compared with 

other amines. In a similar manner, the aromatic amines were a little slower than other amines  

under similar reaction conditions. All the products were identified by their 1H-NMR, IR and 

elemental analysis data. 
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Experimental: 

 

Melting points were determined in a Fisher Scientific electrochemical Mel-Temp manual melting 

point apparatus (Model 1001) equipped with a 400°C thermometer. FT-IR spectra were 

registered on a Bruker IFS 55 Equinox FTIR spectrophotometer as KBr discs. 
1
H-NMR (300 

MHz) and 
13

C-NMR (75.4 MHz) spectra were obtained at room temperature with JEOL Eclipse-

300 equipment using TMS as internal standard and CDCl3 as solvent. Analytical grade chemicals 

(Sigma-Aldrich) were used throughout the project. Deionized water was used for the preparation of 

all aqueous solutions. 

 

Representative experimental procedure for the enamination reaction (Table 1, entry 1): Aniline 

(1 mmol) was added to acetylacetone (1 mmol) in presence of bismuth nitrate pentahydrate (5 

mol%) and the mixture was irradiated under CEM automated microwave at 50°C and 300µ for 3 

minutes. The reaction was monitored by TLC every one minute interval. After completion of the 

reaction, it was extracted with diethyl ether (2 x 5 mL), washed with brine solution (10 mL) and 

dried over Na2(SO4). The solvent was removed under reduced pressure and the crude mass was 

crystallized from ethyl acetate/hexane mixture to afford pure compound (99%).  This procedure 

was followed for all the reactions listed in Table 1. All the products are known compounds and 

were easily identified by comparison of their spectroscopic data with those reported. This 

procedure was also effective for gram-scale reactions.  

 

Conclusion: 

In summary, a simple and efficient method was achieved for the preparation of β-enaminones 

and β-enaminoesters, employing a green methodology. We demonstrated that Bi(NO3)3.5H2O is 

a remarkably efficient catalyst for the synthesis of β-enaminones and β-enaminoesters from β-

dicarbonyl compounds and amines using CEM automated microwave irradiation. The present 

method is associated with several advantages such as the simplicity of the reaction conditions, 

shorter reaction times, excellent yields of products, simple workup procedure, and low cost of 

catalyst. The use of solvent-free reaction condition employed in the present protocol constitutes 

an attractive contribution among the existing methodologies. 
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