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ABSTARCT 

 

Herein a simple, efficient, versatile and convenient Hantzsch method for synthesis of 1,4-dihydropyridines using ethylacetoacetate, ammonium 

acetate and substituted arylaldehydes in the presence of Tetrabutylammonium Hydrogen Sulfate (TBAHS) have been reported. Among the 

popular reported heterogenous solid catalysts, TBAHS has gained high popularity in organic synthesis due to its selectivity, inertness and 

thermal stability. The method offers advantages such as good to better yields, short reaction times, a simple work-up procedure, easy isolation 

of catalyst and reusability of catalyst for several runs.  
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INTRODUCTION 

 

Nowadays, researchers have focused much interest towards cleaner, environmentally benign and solvent-free synthetic procedures not only for 

laboratory synthesis but also in chemical industry. In the context of green chemistry, the development of new methodologies in organic synthesis 

involving Multicomponent Reactions (MCRs) have become a significant area of research in organic chemistry therefore, recently, practical 

procedures have been adopted in the absence of solvents and catalysts for accomplishment of greener and cleaner synthesis [1-4]. As the typical 

representative of solvent-free reactions, the grinding technique has been widely used in organic synthesis [5-7].  
 
Among heterocyclic compounds containing six membered ring, important constituents that are usually found in biologically active natural 

products and medicinal compounds are 1,4-Dihydropyridines (1,4-DHP's) [8-10]. These 1,4-DHP's are having to act as calcium channel 

blockers, shows bronchodilator, antiatherosclerotic, antitumor, vasodilator, geroprotective, hapatoprotective, antidiabetic, neuroprotective and 

platelet anti-aggregator activities [11-13] in addition to acting as cerebral anti-ischemic agents in treatment of Alzeimers disease and as a 

chemosensitizer in tumor therapy [14,15]. Various cardiovascular drugs such as amlodipine, nifedipine, nicardipine and other related derivatives 

are dihydropyridyl compounds effective in treatment of hypertension [16,17]. 
 
Due to these reasons, 1,4-DHP's have attracted the attention of chemists and hence synthesis of these compounds has been a great focus in 

organic chemistry. Since the Hantzsch synthesis of 1,4-DHP's more than a century ago involves the reaction of ethylacetoacetate with aldehydes 

and ammonia in acetic acid or in refluxing alcohol and a number of modified methods under improved conditions have been reported but they 

suffer from several drawbacks such as use of excess of organic solvent, refluxing conditions, moisture sensitiveness, highly toxic and expensive 

reagents, long reaction times, unsatisfactory yields, high temperature and harsh reaction conditions.  
 
Keeping in view of above facts, it was thought worthwhile to develop an efficient and versatile method for synthesis of 1,4-DHP's. In this 

communication, substituted 1,4-dihydropyridines were synthesized under solvent free conditions involving multicomponent condensation of 

ethylacetoacetate, arylaldehydes and ammonium acetate in presence of Tetrabutylammonium Hydrogen Sulfate (TBAHS). TBAHS is one of the 

few phase transfer catalysts that is solid and hence can be conveniently weighed and used for efficient synthesis of 1,4-DHP's. 

 

EXPERIMENTAL SECTION 

 

Chemicals were purchased from Fluka, CDH and Aldrich chemical companies. All the products were identified by comparison of their physical 

and spectral data with those of the authentic samples. Melting points were determined using an electrothermal apparatus and were uncorrected. 

The progress of the reactions was monitored by Thin Layer Chromatography (TLC) using silica gel plates. IR spectra (KBr disc) were recorded 

on a Perkin Elmer FTIR spectrometer. 1H-NMR spectra were obtained by Bruker 400 Ultrasheild (400 MHz) spectrometer. 
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General procedure for synthesis of different derivatives of 1,4-dihydropyridines 
 
A mixture of ethylacetoacetate (2 mmol), ammonium acetate (1.5 mmol) and arylaldehydes (1 mmol) in presence of TBAHS was taken in a 10 

ml Pyrex beaker, mixed well and stirred on magnetic stirrer at 70°C for 55-105 min. After completion of the reaction (monitored by TLC), the 

contents were cooled. The solid catalyst was removed by filtration, washed with ethanol and kept aside for reuse. The product was further 

purified by recrystallization from ethyl acetate.  
 
The physical and spectroscopic data of compounds are as follows 
 
Diethyl-2,6-dimethyl-4-(4-chlorophenyl)-1,4-dihydropyridines-3,5-dicarboxylate (2a): IR (cm-1): 3340, 3108, 1695; 1H-NMR (400 MHz, 

CDCl3, δppm): 1.15 (t, J=7.00 Hz, 6H), 2.13 (s, 6H), 4.07 (q, J=7.00 Hz, 4H), 5.05 (s, 1H, CH), 7.03 (d, J=7.50 Hz, 2H), 7.15 (d, J=7.50 Hz, 2H) 

and 8.32 (bs, 1H, NH). 
 
Diethyl-2,6-dimethyl-4-(2,4-dichlorophenyl)-1,4-dihydropyridines-3,5-dicarboxylate (2b): IR (cm-1): 3332, 3105, 1685; 1H-NMR (400 

MHz, CDCl3, δppm): 1.20 (t, J=7.00 Hz, 6H), 2.15 (s, 6H), 4.05 (q, J=7.00 Hz, 4H), 5.10 (s, 1H, CH), 6.98 (d, J=7.50 Hz, 1H), 7.05 (d, J=7.50 

Hz, 1H), 7.18 (m, 1H) and 8.42 (bs, 1H, NH). 
 
Diethyl-2,6-dimethyl-4-(4-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylate (2c): IR (cm-1): 3350, 3105, 1690; 1H-NMR (400 MHz, 

CDCl3, δppm): 1.18 (t, J=7.00 Hz, 6H), 2.12 (s, 6H), 2.35 (s, 3H), 4.01 (q, J=7.00 Hz, 4H), 5.12 (s, 1H, CH), 6.80 (d, J=7.50 Hz, 2H), 7.00 (d, 

J=7.50 Hz, 2H) and 8.35 (bs, 1H, NH). 
 
Diethyl-2,6-dimethyl-4-(4-methoxyphenyl)-1,4-dihydropyridines-3,5-dicarboxylate (2d): IR (cm-1): 3355, 30, 1695; 1H-NMR (400 MHz, 

CDCl3, δppm): 1.16 (t, J=7.00 Hz, 6H), 2.10 (s, 6H), 3.60 (s, 3H), 4.05 (q, J=7.00 Hz, 4H), 5.08 (s, 1H, CH), 6.70 (d, J=7.50 Hz, 2H), 6.90 (d, 

J=7.50 Hz, 2H) and 8.41 (bs, 1H, NH). 
 
Diethyl-2,6-dimethyl-4-(3,4-dimethoxyphenyl)-1,4-dihydropyridines-3,5-dicarboxylate (2e): IR (cm-1): 3370, 3100, 1695; 1H-NMR (400 

MHz, CDCl3, δppm): 1.19 (t, J=7.00 Hz, 6H), 2.12 (s, 6H), 3.62 (s, 3H), 3.65 (s, 3H), 4.08 (q, J=7.00 Hz, 4H), 5.10 (s, 1H, CH), 6.60 (d, J=7.50 

Hz, 1H), 6.70 (d, J=7.50 Hz, 1H), 6.85 (m, 1H) and 8.30 (bs, 1H, NH). 
 
Diethyl-2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridines-3,5-dicarboxylate (2f): IR (cm-1): 3330, 3085, 1675; 1H-NMR (400 MHz, 

CDCl3, δppm): 1.21 (t, J=7.00 Hz, 6H), 2.15 (s, 6H), 4.11 (q, J=7.00 Hz, 4H), 5.12 (s, 1H, CH), 7.35 (d, J=7.50 Hz, 2 H), 7.95 (d, J=7.50 Hz, 

2H) and 8.20 (bs, 1H, NH). 
 
Diethyl-2,6-dimethyl-4-(4-bromophenyl)-1,4-dihydropyridines-3,5-dicarboxylate 2(g): IR (cm-1): 3335, 3090, 1685; 1H-NMR (400 MHz, 

CDCl3, δppm): 1.16 (t, J=7.00 Hz, 6H), 2.08 (s, 6H), 4.08 (q, J=7.00 Hz, 4H), 5.05 (s, 1H, CH), 7.05 (d, J=7.50 Hz, 2H), 7.30 (d, J=7.50 Hz, 2H) 

and 8.27 (bs, 1H, NH). 

 

RESULTS AND DISCUSSION 

 

First, in order to optimize the conditions, the investigation was initiated with the condensation of ethylacetoacetate, ammonium acetate and 

substituted arylaldehydes in the presence of TBAHS at 70°C in 2:1.5:1 ratio under solvent free conditions as outlined below (Scheme 1). 
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Scheme 1: Synthesis of 1,4-dihydropyridines (2a-g) 

 

The high catalytic activity of tetrabutylammonium hydrogen sulfate, its selectivity, inertness and ease of separation from the reaction mixture, 

renders it a very attractive catalyst over homogenous catalysts. This catalyst could be easily recycled via simple filtration technique. The catalyst 

used offers significant advantages and improvements in terms of the yield of products, simplicity in the operation, reusability, avoiding toxic 

organic solvents and environmental friendly reaction conditions. In order to obtain the optimum conditions, other solvents were used for but 

yields obtained were poor. Better result was obtained when the reaction was carried out under solvent free conditions. The amount of the catalyst 

was varied to see the effect on the yield of product in the reaction. The optimum result was obtained when 150 mg of the catalyst was used. On 

increasing the quantity of catalyst, no change in the yield of the product was observed and on reducing the quantity of catalyst, poor yield of the 

desired product was noticed. The reaction proceeded very efficiently with all electron-withdrawing groups with slight variation in yield due to 

electron-donating groups. All the prepared products were characterized by spectral analysis, comparison of the melting points and TLC with the 

standard compounds prepared by reported methods. Present methodology is more simple, efficient and economic than previous ones and offers 

advantages such as short reaction times, higher yields, easy isolation of catalyst, simple work up procedure, when compared with conventional 

method as well as with other catalysts which will have broad scope in organic synthesis Table 1. 
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Table 1: Results of synthesis of 1,4-dihydropyridines in the presence of TBAHS 

 
Entry R1 Product Time (min) Yield % M.P (°C) obs/lit. 

1 

1(a) 

 

O

Cl

 

2(a) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

Cl

 
 

55 80 
142-144°C  

[144-146°C] [12] 

2 

1(b) 

 

O

Cl

Cl

 
 

2(b) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

Cl

Cl

 
 

60 82 
187-189°C  

[190-192°C] [12] 

3 

1(c) 

 

O

CH3

 

2(c) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

CH3

 
 

105 65 
125-127°C  

[128-130°C] [14] 

4 

1(d) 

 

O

OCH3

 

2(d) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

OCH3

 
 

95 70 
157-159°C  

[158-160°C] [15] 

5 

1(e) 

 

O

OCH3

OCH3

 
 

2(e) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

OCH3
OCH3

 
 

90 75 
130-132°C  

[132-134°C] [18] 

6 

1(f) 

 

O

NO2

 

2(f) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

NO2

 
 

95 80 
132-134°C  

[130-132°C] [15] 

7 

1(g) 

 

O

Br

 

2(g) 

 

N
H

COOC2H5C2H5OOC

H3C CH3

Br

 
 

60 80 157-159°C [160-162°C] [19] 
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CONCLUSION 

 

A simple, straightforward and economical method has been described for synthesis of 1,4-dihydropyridines. This method offers advantages in 

terms of mild experimentation conditions, economic catalyst, good to excellent yields, short reaction times and easy isolation of products.  
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