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ABSTRACT  

Easily prepared nanoZnO was found to be as an efficient catalyst in the synthesis of 1,4-DHPs via four-component reaction of 1,3-

dicarbonyls, aldehydes and ammonium carbonate in water at 60 °C. The prepared nanoZnO was characterized by XRD and FT-IR analysis, 

while the determined specific surface area of nano catalyst by BET method was 33 m2/g. 
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1. Introduction 

Preparation and application of metal oxide catalysts has 

been great interest for chemists and material scientists due 

to their advantages over other heterogeneous catalysts [1-6]. 

Metal oxides are non-corrosive, non-hygroscope, and 

recoverable from the reaction mixture by a simple filtration. 

Nano metal oxides are more effective catalyst because of the 

small size and high surface area-to-volume ratio. Therefore 

nano-sized metal oxides have been extensively used as 

efficient heterogeneous catalysts in diverse organic 

transformations [7-10]. Metal oxide-catalyzed organic 

reactions in aqueous media without using harmful organic 

reagents or solvents are of even more desirable in green 

chemistry. Zinc oxide is a cost-effective metal oxide catalyst 

which as commercial form or nanoform has been used in 

eco-friendly and green organic synthesis. Preparation of 

nanoZnO is easier than other nano metal oxides and due to 

the effect of optional conditions such as pH, temperature, 

kind of surfactant, medium, and solvent on the crystallinity  

 

and catalytic properties of nanoZnO, various types of 

nanosized ZnO can be easily prepared by changing the 

reaction conditions [7-12]. 1,4-Dihydropyridines are 

particular examples of natural products with biological 

properties and significant potentials which exhibit various 

pharmacological activities such as calcium channel 

antagonists [13–14], antihypertensive [15], antitumor [16], 

anti-inflammatory [17], antitubercular [18], antibacterial 

[19], and antioxidant activity [20]. 1,4-DHPs have been 

mainly prepared via the Hantzsch reaction [21] as a well-

known multicomponent reaction (MCR), in which 

condensation of 2 mol 1,3-dicarbonyls, aldehydes and 

ammonia or ammonium salts results in the formation of 

these biologically active compounds. To improve the 

Hantzsch reaction various acidic and basic catalysts and 

energy sources have been used [22–27]. However synthesis 

of 1,4-DHPs in water and using a safe reusable catalyst is 

more desirable and in agreement with 12 principle of green 

chemistry. Recently, we have used ZnO and prepared 

nanoZnO in various organic transformations [8–10].  

Scheme 1. NanoZnO-catalyzed synthesis of 1,4-DHPs. 
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Fig. 1. XRD pattern for the prepared nanoZnO. 

In continuation of our research, we report in the present 

document our results on the use of ZnO nanoparticles as 

efficient and reusable catalysts for improvement of the 

Hantzsch reaction in water (Scheme 1) 

2. Experimental 

2.1. General 

All chemical were commercial products. All melting points 

were obtained by Büchi Scientific apparatus and are 

uncorrected. All reactions monitored by TLC and all yields 

refer to isolated products. 
1
H NMR and 

13
C NMR spectra 

were recorded on a Bruker-Arance AQS at 500 MHz and 

125MHz respectively in CDCl3. FT-IR spectra were 

recorded on a Bruker FT-IR spectrophotometer. 

2.2. Preparation and characterization of nanoZnO  

NanoZnO was prepared via the previously reported 

procedures [3,8]. Zinc acetate dihydrate (5.5 g) was 

dissolved in 50 mL of deionized water and then solid NaOH 

(16 g) was added slowly into the solution under magnetic 

stirring at room temperature. A transparent Zn(OH)4 

solution was formed. Then 2 mL of ionic liquid 1-butyl-3-

methylimidazolium bis (trifluoromethylsulfonyl) imide 

([bmim][NTf2]) was added to 3 mL of the above solution. 

The suspension was put into a domestic microwave oven 

(850 W) in air, 30% of the output power of the microwave 

was used to irradiate the mixture for 5 min (on for 10s, off 

for 5s). The white precipitate was collected by 

centrifugation, washed with deionized water and ethanol 

several times, and dried in vacuum oven at 40 ˚C for 10h. 

The sizes of particles were between 30-40 nm [3].  

Crystalline structure of the prepared nanoZnO was 

determined by powder X-ray diffraction (XRD). The strong 

intensity and narrow width of diffraction peaks indicate the 

high crystallinity of the prepared nanoZnO and the peaks 

positioned at various 2өs of prepared nanoZnO were related 

to wurtzitic structure (Fig. 1). These peaks and the strongest 

diffraction peak for the 101 plane which is characteristic of 

the hexagonal wurtzite structure [28] are compatible with 

those in the standard XRD patterns (JCPDS 36-1451). 

According to the XRD, other ZnO phases or impurities were 

not observed in the prepared nanoZnO.  

The surface area of the prepared nanoZnO was evaluated by 

following the BET method and was found 33 m
2
/g.  

The characteristic bands in FT–IR spectra of nanoZnO 

confirm its structure [29]. The diagnostic FT–IR absorption 

band at 500 cm
−1

 is respected to the Zn-O stretching band. A 

little adsorbed surface water was evidenced by the presence 

of the broad OH stretching at 3435 and bending mode of 

water at 1426 cm
–1

. The medium absorption band at 876 

cm
−1

 is maybe due to the non-fundamental combination 

frequencies (Fig. 2). 

2.3. General procedure for the nanoZnO-catalyzed 

Hantzsch reaction 

To a mixture of aldehyde (2 mmol), ethyl acetoacetate  

(4 mmol), and ammonium carbonate (2 mmol) in water  

(1 mL) was added nanoZnO (5 mol%) and the mixture was 

stirred at 60 
°
C for the given times (Table 1). 

2.4. General procedure for the isolation and purification of 

products  

After completion of the reaction (TLC monitoring), EtOAc 

(2 × 10 mL) was added and the precipitated ZnO was 

centrifuged and filtered off. The resulting organic solution 

was washed with 10% NaHCO3 and brine, dried over 

anhydrous Na2SO4, and evaporated to give the desired DHP 

product. In some cases, the analytical pure products were 

obtained by recrystallization of the crude solid from 

EtOH:H2O mixture (50:50). The structure of products was 

assigned by analysis of their IR, 
1
H NMR, 

13
C NMR spectra 

and comparison to authentic samples.  

2.5. Reusability of catalyst 

ZnO or nanoZnO was regenerated, from the reaction of 
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Fig. 2. FT-IR spectrum of the prepared nanoZnO. 

benzaldehyde, ethyl acetoacetate, and ammonium carbonate 

with molar ratio of 1:2:1 by washing with EtOAc and drying 

at 300 
°
C or microwave irradiation. The recycled catalyst 

and reused for three consecutive times in Hantzsch reaction 

with no significant decreasing in reaction yields (Fig. 3). 

Selected spectral data 

Diethyl-2,6-dimethyl-4-(3-pyridyl)-1,4-dihydropyridine-3,5-

dicarboxylate (Table 1, entry 12) 

Pale yellow solid, m.p. = 190-192 °C, IR (KBr, cm
−1

): 3174 

(NH stretching), 1688 (C=O) cm
-1

. 
1
H NMR (500 MHz, 

CDCl3, ppm) δ: 1.24 (t, J = 7.1 Hz, 6H, 2 × CH3-CH2), 2.36 

(s, 6H, 2 × CH3), 4.07-4.14 (m, 4H, O-CH2CH3), 5.01 (s, 

1H, CH), 6.61 (s, 1H, NH),  7.19 (dd, J = 7.8, 4.9 Hz, 1H), 

7.64-7.66 (m, 1H), 8.39 (dd, J = 4.8, 1.6 Hz, 1H), and 8.55 

(d, J = 1.9 Hz, 1H). 
13

C NMR (125 MHz, CDCl3, ppm) δ: 

14.68, 19.75, 38.23, 60.27, 103.57, 123.55, 136.27, 14, 4.00, 

145.39, 147.40, 149.80, and 167.64. MS (EI): m/z : 330 (M
+
, 

40), 301 (55), 285 (54), 252 (100), 224 (85), 196 (85), 150 

(28), 106 (22), and 51 (18).  

 

 

Table 1. NanoZnO-catalyzed synthesis of 1,4-dihydropyridine under different conditions via Hantzsch reaction. 

Entry NH4X 
Conditions 

Catalyst (mol %)/˚C/Solvent 
Time (h) Yield (%)a 

1 NH4OAc NanoAl2O3 (10)/80/EtOH 2.5 80 

2 NH4OAc NanoSiO2 (10)/80/EtOH:H2O 3 65 

3 NH4OAc CaO (10)/80/EtOH 2.45 73 

4 (NH4)2CO3 NanoZnO (10)/80/EtOH:H2O 2 91 

5 NH4OAc ZnO (10)/80/EtOH:H2O 2 90 

6 NH4OAc NanoZnO (5)/60/EtOH:H2O 3 92 

7 NH4OAc ZnO (10)/60/H2O >3 89 

8 NH4OAc NanoZnO (5)/60/H2O 2 89 

9 (NH4)2CO3 NanoZnO (5)/60/H2O 2 95 

10 NH4OAc ZnO (10)/80/EtOH 4 85 [12] 

11 (NH4)2CO3 ZrO2 (5)/60/H2O 4 83 

aIsolated yield. 
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Fig. 3. The reusability of nanoZnO. 

Diethyl-2,6-dimethyl-4-(3-hydroxyphenyl)-1,4-

dihydropyridine-3,5-dicarboxylate (Table 1, entry 7) 

Pale yellow solid, m.p. = 180-182 °C, IR (KBr, cm
−1

): 3349 

(OH and NH stretching), 1648 (C=O) cm
-1

. 
1
H NMR (500 

MHz, CDCl3, ppm) δ: 1.26 (t, J = 7.1 Hz, 6H,  

2 × CH3-CH2), 2.33 (s, 6H, 2 × CH3), 4.09-4.18 (m, 4H, O-

CH2CH3), 5.00 (s, 1H, CH), 5.13 (br s, 1H, OH), 5.70 (br s, 

1H, NH), 6.63 (dd, J = 7.95, 2.39 Hz, 1Harom), 6.80 (s, 

1Harom), 6.89 (d, J = 7.69 Hz, 1Harom), and 7.09 (t, J = 7.8 

Hz, 1Harom). 
13

C NMR (125 MHz, CDCl3, ppm) δ: 14.62, 

19.22, 39.44, 59.64, 103.22, 113.36, 115.39, 119.43, 149.97, 

157.07, and 168.15. Anal. Calcd for C19H23NO5: C, 66.07; 

H, 6.71; and N, 4.06. Found: C, 66.04; H, 6.67; and N, 4.00. 

3. Results and discussion 

Our study began with the reaction between benzaldehyde, 

ethyl acetoacetate, and ammonium salts, in the presence of 

metal oxide catalysts under various conditions. The 

optimization of reaction conditions was reached by carrying 

the reaction in different temperatures and utilizing different 

catalyst loadings (Table 1).  

The metal oxides screened were effective catalysts for the 

Hantzsch reaction, but as shown in Table 1, the excellent 

yields of desired 1,4-DHP was achieved using 5 mol%. Of 

nanoZnO as catalyst, ammonium carbonate as nitrogen 

source, and water as solvent at 60 ˚C after 2h (Table 1, entry 

9). In order to extend this environmentally benign 

methodology for the synthesis of 1,4-DHPs, we examined 

the efficiency of nanoZnO-catalyzed Hantzsch reaction of 

various aldehydes, ethyl acetoacetate and ammonium 

carbonate in water under optimized conditions (Table 2). 

The results showed that aromatic aldehydes bearing both 

electron-deficient and electron-rich substituent, aliphatic 

aldehydes, and even heteroaryl aldehydes afforded the 

desired 1,4-DHPs in good yield (Table 2).  

Table 3 demonstrates that the catalyst loading in our method 

were significantly lower than the reported methods, whereas 

higher yield in the shorter reaction time was obtained in 

water without using any organic solvent. 

4. Conclusion 

In summary, we have demonstrated an efficient one-pot 

synthesis of desired 1,4-dihydropyridines from various 

aldehydes, ethyl acetoacetate, and (NH4)2CO3 using 

nanoZnO in water. The present work is an efficient simple, 

eco- friendly, and commercially procedure for the Hantzsch 

reaction using a catalytic amount of nanoZnO as a reusable 

moderate Lewis acid and water as a green solvent. The 

products were also obtained in shorter times and higher 

yields without any purification compared with previous 

methods. 
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Table 2. Zinc oxide-catalyzed synthesis of 1,4-DHPs via the four-component reaction. 

Entry R Product Yield (%)
a
 Time (h) 

m.p. (°C) 

Found (Reported) [22] 

1 C6H5 HN

H3C COOEt

H3C COOEt  

95 2 157–160 (157–159) 

2 4-MeOC6H4 HN

H3C

OMe

COOEt

H3C COOEt  

95 2.5 156–158 (158–160) 

3 4-MeC6H4 HN

H3C

Me

COOEt

H3C COOEt  

94 2.5 136–138 (137–139) 

4 4-ClC6H4 HN

H3C

Cl

COOEt

H3C COOEt  

93 1.5 156–158 (158–161) 

5 4-O2NC6H4 HN

H3C

NO2

COOEt

H3C COOEt  

90 1.5 131–132 (129–131) 

6 4-HOC6H4 HN

COOEtH3C

H3C COOEt

OH

 

89 2.5 226–229 (226–228) 

7 3-HOC6H4 HN

H3C COOEt

H3C COOEt OH  

86 2 180–183 (180–182) 

8 4-FC6H4 HN

H3C

F

COOEt

H3C COOEt  

92 2 155–158 (155–157) 

9 n-Propyl HN

H3C COOEt

H3C COOEt

H

 

85 2.5 125–127 (125–127) 

10 iso-Propyl HN

H3C COOEt

H3C COOEt

H

 

90 2.5 95–97 (95–97) 

N
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Table 2. (Continued) 

11 2-Furyl 
HN

H3C COOEt

O

H3C COOEt

 

90 2.5 159–162 (160–162) 

12 3-Pyridyl HN

H3C

N

COOEt

H3C COOEt  

95 2 189–193 (190–192) 

a
Isolated yield. 

 

Table 3. Comparison of the nanoZnO-catalyzed Hantzsch reaction with literature reported methods. 

Entry Catalyst (mol%) Solvent Temperature (°C) Time (h) Isolated yield (%) Reference 

1 MgAl2-HT (2.9) CH3CN 25 6.5 61 [30] 

2 PPh3 (20) EtOH Reflux 5 72 [25] 

3 ZnO (10) EtOH 80 1 85 [12] 

4 nanoZnO (5) H2O 50-60 2 95 
Present 

work 
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