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 A one-pot four-component reaction of aldehydes, ethyl acetoacetate/5,5-dimethyl-1,3-cyclohexanedione, ethyl acetoacetate 
and ammonium acetate in the presence of 10 mol% of ZnO as a heterogeneous catalyst for the synthesis of corresponding 1,4-
dihydropyridine and polyhydroquinoline derivatives via the Hantzsch condensation is described. The present methodology offers 
several advantages such as simple procedure, excellent yields, and short reaction time. 
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INTRODUCTION 
 
 Multi-component reactions (MCRs) have emerged as an 
efficient and powerful tool in modern synthetic organic 
chemistry allowing the facile creation of several new bonds in 
a one-pot reaction. Clearly, for multi-step synthetic 
procedures, the number of reactions and purification steps are 
among the most important criteria for the efficiency and 
practicability of the process and should be as low as possible. 
Therefore, in the last decade, research in academia and 
industry has increasingly emphasized the use of MCRs as well 
as domino reaction sequences for a broad range of products 
[1]. 
 On the other hand, in recent years, much attention has been 
directed towards the synthesis of 1,4-dihydropyridine 
compounds due to the wide range of biological activity 
associated with these compounds. 1,4-dihydropyridine 
derivatives possess a variety of biological activities such as 
vasodilator,   bronchodilator,   antiatherosclerotic,    antitumor,  
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geroprotective, hepatoprotective and antidiabetic activity [2].  
 4-Aryl-1,4-dihydropyridines are analogues of NADH 
coenzymes, which have been explored for their calcium 
channel activity [3]. In addition, recently preceding studies 
have suggested that 1,4-dihydropyridine derivatives also 
provide an antioxidant protective effect that may contribute to 
their pharmacological activities [4]. Oxidation of 1,4-
dihydropyridine to pyridines has also been extensively studied 
[5]. These examples clearly indicate the remarkable potential 
of novel 1,4-dihydropyridine and polyhydroquinoline 
derivatives as a source of valuable drug candidates and useful 
intermediates in organic chemistry. Thus, the synthesis of this 
heterocyclic nucleus is of much importance.  
 The known used route for synthesizing 1,4-
dihydropyridine derivatives is the Hantzsch condensation, 
which involves the condensation of two molecules of a β-
ketoester, one molecule of an aldehyde, and one molecule of 
ammonia in acetic acid or in refluxing alcohol [6]. This 
method, however, involves long reaction time and the use of a 
large quantity of volatile organic solvents and generally gives 
low   yields.   The   preparation   of   1,4-dihydropyridine   and  
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polyhydroquinoline derivatives by ionic liquid [7] or 
microwave heating [8] has been reported.  
 Catalysts such as Sc(OTf)3 [9], Silica gel/NaHSO4 [10], 
heteropolyacid [11], I2 [12], CAN [13], Yb(OTf)3

 [14] and 
Bakers’ yeast [15]  have also been used in this reaction. 
However, most of these methods employ expensive or 
poisonous catalysts, not commercially available catalysts, and 
long reaction times. Thus it is clearly evident that the 
development of new and flexible protocols is required.  
 Designing of new specific catalysts and exploring their 
catalytic activity has caused profound effects in optimizing the 
efficiency of a wide range of organic synthesis. Development 
of such catalysts has resulted in more economical and 
environmentally friendly chemistry through replacing 
nonselective, unstable, or toxic catalysts [16]. Surface of metal 
oxides exhibit both Lewis acid and Lewis base characters. 
This is characteristic of many metal oxides, especially TiO2, 
Al2O3, ZnO, etc., and they are excellent adsorbents for a wide 
variety of organic compounds and increase reactivity of the 
reactants [17]. ZnO is certainly one of the most interesting of 
metal oxides, because it has surface properties which suggest 
that a very rich organic chemistry may occur there [18]. 
During our previuos studies on the preparation of ZnO 
nanoparticles by controlled microwave heating and its 
application to O-acylation of alcohol, phenol [19] and for the 
synthesis of β-acetamido ketones/esters via a multi-component 
reaction [20] we became interested to explore further ZnO 
catalyzed organic reactions.  
 Herein, we wish to report a novel synthesis of 
polyhydroquinoline and 1,4-dihydropyridine derivatives using 
ZnO as an efficient, non-toxic and commercially available  
catalyst. 
 
EXPERIMENTAL 
 

   General Procedure for Synthesis of 
Polyhydroquinoline and 1,4-Dihydropyridine  
Derivatives 
 To a stirred suspension of ZnO (10 mol%) in ethanol (1 
ml) were added an aldehyde (1 mmol), ethyl acetoacetate/5,5-
dimethyl-1,3-cyclohexanedione (1 mmol), ethyl acetoacetate 
(1 mmol) and ammonium acetate (1 mmol). The reaction 
mixture  was stirred  at  80 °C  for  60 min. The progress of the  

 
 
reaction was monitored by TLC. After completion of the 
reaction, the solvent was evaporated under reduced pressure.  
 The solid residue was separated and dissolved in 
dichloromethane. The solution was filtered and zinc oxide was 
isolated and could be reused. Dichloromethane was evaporated 
under reduced pressure, which resulted in precipitation of the 
desired polyhydroquinoline and/or 1,4-dihydropyridine 
derivatives. The precipitated solid was washed with petroleum 
ether to remove any residual starting material and dried. The 
structure of the products was confirmed by 1H NMR, 13C 
NMR spectra and comparison with authentic samples prepared 
by reported methods. 
 
Representative Spectroscopic Data 
 Table 2, Entry 2: 1H NMR (500 MHz, CDCl3): δ 7.24 (d,   
J = 8.56 Hz, 2H), 6.86 (s, 1H), 6.76 (d, J = 8.56 Hz, 2H), 5.03 
(s, 1H), 4.10 (q, J = 7.20 Hz, 2H), 3.75 (s, 3H), 2.36 (s, 3H), 
2.27-2.18 (m, 4H), 1.25 (t, J = 7.20 Hz, 3H), 1.08 (s, 3H), 0.96 
(s, 3H); 13C NMR (125 MHz, CDCl3): δ 196.27, 168.03, 
158.19, 149.24, 143.93, 140.16, 129.36, 113.66, 112.44, 
106.61, 60.19, 55.52, 51.23, 41.22, 36.17, 33.06, 29.90, 27.55, 
19.65, 14.68; Table 2, Entry 4: 1H NMR (500 MHz, CDCl3): δ 
7.32 (d, J = 9.18 Hz, 1H), 7.17 (d, J = 8.80, 1H), 7.05 (t, J = 
7.96, 1H), 6.95 (t, J = 8.36 Hz, 1H), 6.62 (s, 1H), 5.32 (s, 1H), 
4.02-3.94 (m, 2H), 2.24-2.01 (m, 7H), 1.10 (t, J = 7.12 Hz, 
3H), 0.98 (s, 3H), 0.86 (s, 3H); 13C NMR (125 MHz, CDCl3): 
δ 196.01, 167.95, 149.60, 144.59, 144.35 133.57, 132.45, 
130.05, 127.69, 126.70, 111.47, 105.57, 60.23, 51.16, 41.34, 
36.34, 32.92, 29.78, 27.59, 19.60, 14.64;  Table 2, Entry 5: 1H 
NMR (500 MHz, d6-DMSO): δ 7.87 (s, 1H), 7.05 (d, J= 7.97 
Hz, 2H), 6.86 (d, J = 7.97 Hz, 2H), 4.86 (s, 1H), 3.93 (q, J = 
7.13 Hz, 2H), 2.23-1.97 (m, 10H), 1.10 (t, J = 7.13 Hz, 3H), 
0.95 (s, 3H), 0.82 (s, 3H); 13C NMR (125 MHz, d6-DMSO): δ 
195.73, 168.02, 149.57, 145.08, 144.80, 135.32, 128.77, 
128.18, 111.85, 105.60, 59.80, 51.20, 36.33, 32.86, 29.84, 
27.50, 21.34, 19.22, 14.59; Table 2, Entry 8: 1H NMR (500 
MHz, d6-DMSO): δ  8.11 (s, 1H), 7.97 (d, J = 8.15 Hz, 1H), 
7.73 (d, J = 7.66 Hz, 1H), 7.50 (s, 1H), 7.36 (t, J = 7.90 Hz, 
1H), 5.15 (s, 1H), 4.05 (q, J = 7.12 Hz, 2H), 2.40-2.11 (m, 
7H), 1.19 (t, J = 7.12 Hz, 3H), 1.08 (s, 3H), 0.92 (s, 3H); 13C 
NMR (125 MHz, d6-DMSO): δ 195.71, 167.48, 149.99, 
149.69, 148.68, 145.59, 135.23, 128.86, 123.22, 121.51, 
111.37,   104.98,   60.26,  51.04,  41.11,  37.35,  33.07,  29.82,  

www.SID.ir



Arc
hi

ve
 o

f S
ID

 
 
 

Rapid and Efficient One-Pot Synthesis of 1,4-Dihydropyridine  

 319

 
 
27.51, 19.54, 14.59; Table 2, Entry 10: 1H NMR (500 MHz, 
d6-DMSO): δ 8.90 (s, 1H), 7.22 (m, 1H), 6.12 (m, 1H), 5.73 
(d, J = 3.01 Hz, 1H), 4.94 (s, 1H), 4.02-3.93 (m, 2H), 2.40-
1.95 (m, 7H), 1.09 (t, J = 6.75 Hz, 3H), 0.93 (s, 3H), 0.84 
(3H); 13C NMR (125 MHz, d6-DMSO): δ 194.93, 167.54, 
159.34, 151.28, 146.69, 141.57, 110.98, 107.53, 104.79, 
101.52, 59.95, 51.12, 33.64, 30.42, 30.01, 27.25, 22.79, 19.11, 
15.11; Table 3, Entry 1: 1H NMR (500 MHz, CDCl3): δ 7.21 
(d, J = 7.43 Hz, 2H), 7.13 (t, J = 7.45 Hz, 2H), 7.05 (t, J = 7.10 
Hz, 1H), 5.59 (s, 1H), 4.92 (s, 1H), 4.07-3.97 (m, 4H), 2.26 (s, 
6H), 1.15 (t, J = 7.12 Hz, 6H);  13C NMR (125 MHz, CDCl3): 
δ 168.02, 148.16, 144.19, 128.41, 128.23, 126.49, 104.64, 
60.10, 40.07, 19.98, 14.65; Table 3, Entry 3: 1H NMR (500 
MHz, CDCl3): δ 7.14 (d, J =  8.35 Hz, 2H), 7.09 (d, J = 8.35 
Hz, 2H), 5.70 (s, 1H), 4.89 (s, 1H), 4.04-3.99 (m, 4H), 2.25 (s, 
6H), 1.15 (t, J = 7.12 Hz, 6H); 1H NMR (500 MHz, CDCl3): δ 
167.86, 146.75, 144.42, 132.11, 129.82, 128.35, 104.30, 
60.22, 39.68, 19.96, 14.67; Table 3, Entry 6: 1H NMR (500 
MHz, CDCl3): δ 7.14 (d, J = 1.98 Hz, 1H), 6.14 (t, J = 2.43 
Hz, 1H), 5.87 (d, J = 3.10 Hz, 1H), 5.79 (s, 1H), 5.13 (s, 1H), 
4.14-4.05 (m, 4H), 2.26 (s, 6H), 1.19 (t, J = 7.12 Hz, 6H); 
167.89, 159.11, 145.48, 141.26, 110.40, 104.85, 101.16, 
60.23, 33.84, 19.93, 14.74.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
RESULTS AND DISCUSSION 
 
 To find the optimal conditions, the synthesis of 2,7,7,-
trimethyl-5-oxo-4-phenyl-1,4,5,6,7,8-hexahydro-quinoline-3-
carboxylic acid ethyl ester was used as a model reaction. A 
mixture of benzaldehyde (1 mmol), 5,5-dimethyl-1,3-
cyclohexanedione (1 mmol), ethyl acetoacetate (1 mmol) and 
ammonium acetate (1 mmol) was stirred under various 
reaction conditions (Table 1). In the absence of the catalyst, 
product was obtained in low yield after 5 h, while good results 
were obtained in the presence of ZnO (Table 1, entries 2-6).  
 On the optimized of amount of catalyst, we found that 10 
mol% of ZnO could effectively catalyze the reaction for the 
synthesis of the desired product. With inclusion of 5 mol% of 
ZnO the reaction took longer time. Using more than 10 mol% 
ZnO has less effect on the yield and time of the reaction 
(Table 1, entry 4). The effect of temperature was also studied 
by carrying out the model reaction in the presence of ZnO (10 
mol%) at room temperature (25 °C), 40 °C and 80 °C. It was 
observed that the yield was increased as the reaction 
temperature was raised (Table 1, entries 3, 5 and 6). We then 
continued to optimize the model reaction by detecting the 
efficiency of polar and non-polar solvents.  The  polar  solvent  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Table 1. Optimization of the ZnO Catalyzed Model Reaction 
 

O O

O O
NH4OAC

N
H

O

O

O
H O

O

+ + ZnO (10 mol %)+

 
Entry Catalyst (mol%) Solvent Temperature (°C) Time (h) Yields (%) 

1 No catalyst C2H5OH 80 7 57 
2          ZnO (5%) C2H5OH 80 4 78 
3 ZnO (10%) C2H5OH 80 1 92 
4 ZnO (20%) C2H5OH 80 1 95 
5 ZnO (10%) C2H5OH 40 4 81 
6 ZnO (10%) C2H5OH 25 4 64 
7 ZnO (10%)    CH3CN 80 1 73 

8 ZnO (10%) C6H5CH3 80 1 36 

9 ZnO (10%)    CH2Cl2 55 4 32 
10 ZnO (10%) C2H5OH 80 1 78a 

       aYield after three runs of recycling catalyst. 
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such as ethanol and acetonitrile were much better than non-
polar solvent (Table 1, entries 8-9). To check the reusability of 
the catalyst, the recycled catalyst was used and after three 
runs, the yield was still high (Table 1, entry 10). 
 To generalize this methodology,  we  subjected  a  series of  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
other aldehydes having electron-donating as well as electron-
withdrawing substituents to obtain the corresponding 
polyhydroquinoline and/or 1,4-dihydropyridine derivatives 
under the optimized reaction conditions (Tables 2 and 3). It 
could be seen that the variations in the yields  were  very  little  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Table 2.  ZnO-Catalyzed the Synthesis of Polyhydroquinoline Derivatives via Hantzsch Reaction 
 

O

O O

O O
NH4OAC

N
H

O R

O

O

RCHO  + + + ZnO (10 mol %)

 
Entry R Product Yield (%) 

1 C6H5 

N
H

O

O

O

 

92 

2 p-OMeC6H5 

N
H

O

O

O

OMe

 

84 

3 p-ClC6H5 

N
H

O

O

O

Cl

 

92 

4 o-ClC6H5 

N
H

O

O

O
Cl

 

81 

5 p-MeC6H5 

N
H

O

O

O

Me

 

90 
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and both electron-rich and electron-deficient aldehydes as well 
as heterocyclic ones such as furfural worked well, giving 
excellent yields of the substituted polyhydroquinoline and/or 
1,4-dihydropyridine derivatives. 
 The superiority of the present protocol over reported 
methods  can  be  seen  by  comparing our results with those of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
some recently reported procedures, as shown in Table 4. The 
synthesis of 2,7,7,-trimethyl-5-oxo-4-phenyl-1,4,5,6,7,8-
hexahydro-quinoline-3-carboxylic acid ethyl ester was used as 
a model reaction and the comparison is in terms of mol% of 
the catalysts, temperature, reaction time and percentage yields. 
Some catalysts such as AlCl3,  ZnCl2  and  FeCl3  required 100  

    Table 2. Continued 
 

6 p-NMe2C6H5 

N
H

O

O

O

NMe2

 

85 

7 p-NO2C6H5 

N
H

O

O

O

NO2

 

94 

8 m-NO2C6H5 

N
H

O

O

O

O2N

 

90 

9 C6H5CH CH 

N
H

O

OO

 

85 

10 2-Furyl 

N
H

O

O

O
O

 

88 
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            Table 3. ZnO-Catalyzed the Synthesis of 1,4-Dihydropyridine Derivatives via Hantzsch Reaction 
 

O

O O
NH4OAC

N
H

O R

O

O

RCHO  + + ZnO (10 mol %)2 O

 
Entry R Product Yield (%) 

1 C6H5 

N
H

O

O

O

O

 

85 

2 p-OMeC6H5 

N
H

O

O

O

O

OCH3

 

79 

3 p-ClC6H5 

N
H

O

O

O

O

Cl

 

82 

4 p-NO2C6H5 

N
H

O

O

O

O

NO2

 

87 

5 m-NO2C6H5 

N
H

O

O

O

O

O2N

 

80 

6  2-Furyl 

N
H

O

O

O

O

O

86 
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mol%, while a low (10 mol%) of ZnO is used in this 
methodology. 
 In Conclusion, we have reported an efficient procedure for 
the synthesis of polyhydroquinoline and 1,4-dihydropyridine 
derivatives using ZnO as a reusable, non-toxic, non-corrosive, 
inexpensive and commercially available heterogeneous 
catalyst. The major advantage of this method is the ease of the 
work-up; i.e., the products can be isolated without 
chromatography. The method also offers some other 
advantages such as clean reaction, low loading of catalyst, 
high yields of products, short reaction times and use of various 
substrates, which make it a useful and attractive strategy for 
the synthesis of polyhydroquinoline and 1,4-dihydropyridine 
derivatives. 
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