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Abstract
The efficient one-pot synthesis of some 1,4-dihydropyridines is described by a condensation reaction of some aldehyde 
derivatives, ethyl acetoacetate and ammonium acetate in the presence of superparamagnetic manganese ferrite nano-
particles at 80 °C. The advantages of this protocol include selectivity, high purity of the products, excellent yields, short 
reaction times, ease of processing, and environmentally friendly conditions for the synthesis of 1,4-dihydropyridines. 
In addition, the catalyst can be recovered and reused in multiple runs without significantly reducing the product yield.
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1. Introduction
Multicomponent reactions (MCRs) are a very attrac-

tive approach as well as an efficient and powerful tool for 
the synthesis of novel compounds and the discovery of 
new drugs.1–6 In MCRs, three or more flexible and simple 
compounds are reacted to synthesize complex organic 
molecules from commercially available starting materials. 

The Hantzsch reaction is one of the most popular MCRs 
and generates 1,4-dihydropyridine (1,4-DHP) derivatives. 
This reaction, which has received considerable attention in 
modern synthetic organic chemistry, was first described 
by A. Hantzsch in 1882.7 The Hantzsch reaction is a prac-
tical and useful synthetic tool for the preparation of 1,4-di-
hydropyridines by condensation of ethyl acetoacetate, an 
aldehyde, and a source of ammonia in the presence of an 

Figure 1. Some biologically active 1,4-dihydropyridines.
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alcoholic solvent.8 In modern synthetic organic chemistry, 
1,4-dihydropyridines are an important group of drugs9–11 

and calcium channel modulators for the treatment of hy-
pertension,12 tumors,13,14 HIV,15 cancer,16 diabetes,17 ap-
optosis, and18 seizures.19 For example, nifedipine (1), 
felodipine (2), diludin (3), amlodipine (4), nicardipine (5), 
nisodipine (6), and nimodipine (7) are synthesized and 
used worldwide (Figure 1).

Recently, methods have been described using differ-
ent types of catalysts such as CeCl3.7H2O,20 ionic liq-
uids,21,22 TBAB,23 visible light,24,25 chitosan silica sulfate,26 
molybdic acid-functionalized nano-Fe3O4@TiO2,27  
HClO4-SiO2,28 microwave-assisted,29 PW/SiO2,30 solar 
thermal,31 I2,32 sulfonic acid,33 Fe3O4@SiO2@OSO3H,34 
heteropolyacids,35 silica gel/NaHSO4,36 organocatalysis,37 
AlCl3.6H2O,38 and metal triflates.39 Although many of 
these methods are effective, the search for a more satisfac-
tory catalyst is essential for the preparation of 1,4-DHP. 
Metal oxide nanocrystals, especially superparamagnetic 
ones, have recently been used as effective catalysts because 
of their easy availability and environmentally friendly 
properties.40 Because of the advantages of magnetic nano-
particles, such as low-cost large-scale synthesis, easy sepa-
ration and reuse using an external magnet, and applicabil-
ity in industrial processes, their use as catalysts in various 
organic reactions has been developed.41–47 In this research, 
we describe a useful and simple method for the prepara-
tion of 1,4-dihydropyridines from the condensation of 
ethyl acetoacetate, various aldehydes, and ammonium ac-
etate as a source of ammonia using magnetic MnFe2O4 
nanoparticles as a catalyst and ethanol as a solvent.

2. Experimental Section
2. 1. Apparatus

Chemical reagents and solvents were purchased 
commercially from Aldrich and Fluka Chemical Compa-
nies and used without further purification. A Bruker 
DRX-400 spectrometer was used to record 1H NMR and 
13C NMR spectra in deuterated chloroform solvent. Infra-
red spectra (IR) were recorded as KBr pellets using a Nico-
let Impact 400 FT-IR spectrophotometer. Elemental ana-
lyzes (C, H, and N) were performed using a Perkin Elmer 
2400- CHN elemental analyzer. XRD patterns of samples 
with an X-ray wavelength of 1.54 °A and Cu anode materi-
al were recorded using a Philips X’PertPro X-ray diffrac-
tometer at a scanning speed of 2°/min over a range of 10° 
to 80° (2θ). The powder morphology of the catalyst was 
determined using a Hitachi S4160 as a field emission scan-
ning electron microscope (FE-SEM). The magnetic prop-
erties of the nanoparticles were determined by vibrational 
magnetometric measurements (VSM, PPMS-9T) at 300 K 
in Iran (College of Kashan, Iran). The melting points were 
determined using a Yanagimoto micro-melting point ap-
paratus. The course of the reaction was checked by thin 

layer chromatography (TLC) on silica gel polygram SILG/
UV 254 plates.

2. 2.  General Procedure for the Synthesis of 
MnFe2O4 NPs
MnFe2O4 nanoparticles were synthesized by simple 

coprecipitation of FeCl3/MnCl2 in alkaline NaOH medi-
um. First, 100 ml solution of the two salts FeCl3.6H2O and 
MnCl2.4H2O were prepared such that the molar ratio of 
Mn2+: Fe3+ molar ratio was 2:1. For this purpose, 0.02 mol 
of Fe(III) salt and 0.01 mol of Mn(II) salt were dissolved in 
distilled water and the volume of the solution was made up 
to 100 mL. Then, the desired solution was added dropwise 
into a solution of NaOH (100 mL, 3 mol L–1) at 95 °C with 
constant stirring for 2 h. The solution was then added to 
the solution of NaOH (100 mL, 3 mol L–1). At the end of 
the desired time, the solid was collected with an external 
magnetic field, washed with ethanol (3 × 20 mL) and 
deionized water (5 × 30 mL), and then dried at 60 °C for 12 
h. The solid was then removed from the solution. The Mn-
Fe2O4 nanoparticles were characterized by physical and 
spectroscopic data.

2. 3.  A General Method for the Synthesis of 
1,4-dihydropyridines
A mixture of ethyl acetoacetate (2.4 mmol), selected 

aldehyde (1 mmol), NH4OAc (1.2 mmol), and MnFe2O4 (5 
mol%) in ethanol (5 mL) as solvent was stirred at 80 °C for 
an appropriate time. The progress of the reaction was fol-
lowed by thin layer chromatography (TLC). After comple-
tion of the reaction, the mixture was diluted with ethyl 
acetate and the solid catalyst was separated and collected 
using a magnetic field. The desired product was extracted 
with ethyl acetate and water and purified by recrystalliza-
tion from ethanol/water (5:1) to afford pure 1,4-dihydro-
pyridines. The solid magnetic MnFe2O4 catalyst was care-
fully washed with acetone (3 × 10 ml) and distilled water 
(3 × 10 ml), and dried at room temperature in a desiccator. 
The structure of the new compounds was identified from 
the physical and spectroscopic data.

2. 4.  Spectral Data for 1,4-dihydropyridine 
Derivatives
Diethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydro-

pyridine-3,5-dicarboxylate (4a); Yellow solid; m.p. = 162–
167 °C; IR (KBr, cm–1) ν: 3344 (NH), 3093 (=CH2), 2987 
(-CH, sp3), 1706 (C=O), 1645 (C=C), 1213 (C-O); 1H NMR 
(400 MHz, CDCl3, ppm) δ: 1.23 (t, J=7.2 Hz, 6H, 2CH3), 
2.36 (s, 6H, 2CH3), 4.08 (q, 4H, 2CH2), 5.08 (s, 1H), 5.86 (s, 
1H, NH), 7.37 (t, J=8 Hz, 1H, ArH), 7.64 (d, J=7.6 Hz, 1H, 
ArH), 7.99 (d, J=7.2 Hz, 1H, ArH), 8.12 (s, 1H, ArH).

Diethyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine- 
3,5-dicarboxylate (4b); Yellow solid; m.p. = 150–155 °C; IR 
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(KBr, cm–1) ν: 3342 (NH), 3061 (=CH2), 2980 (-CH, sp3), 
1690 (C=O), 1651 (C=C), 1211 (C-O); 1H NMR (400 
MHz, CDCl3, ppm) δ: 1.22 (t, J=7.2 Hz, 6H, 2CH3), 2.33 (s, 
6H, 2CH3), 4.10 (q, 4H, 2CH2), 4.98 (s, 1H), 5.66 (s, 1H, 
NH), 7.10–7.27 (m, 5H, ArH).

Diethyl 2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihy-
dropyridine-3,5-dicarboxylate (4c); Light yellow solid; 
m.p. = 125–128 °C; IR (KBr, cm–1) ν: 3320 (NH), 3101 
(=CH2), 2980 (-CH, sp3), 1701 (C=O), 1646 (C=C), 1214 
(C-O); 1H NMR (400 MHz, CDCl3, ppm) δ: 1.21 (t, J=7.2 
Hz, 6H, 2CH3), 2.36 (s, 6H, 2CH3), 4.06 (q, 4H, 2CH2), 
5.09 (s, 1H), 5.74 (s, 1H, NH), 7.44 (d, J=8.8 Hz, 2H, ArH), 
8.07 (d, J=8.8 Hz, 2H, ArH).

Diethyl 4-(4-chlorophenyl)-2,6-dimethyl-1,4-dihy-
dropyridine-3,5-dicarboxylate (4d); Yellow solid; m.p. = 
140–145 °C; IR (KBr, cm–1) ν: 3356 (NH), 3091 (=CH2), 
2988 (-CH, sp3), 1696 (C=O), 1651 (C=C alkene), 1213 
(C-O); 1H NMR (400 MHz, CDCl3, ppm) δ: 1.22 (t, J=6.8 
Hz, 6H, 2CH3), 2.32 (s, 6H, 2CH3), 4.08 (q, 4H, 2CH2), 
4.95 (s, 1H), 5.70 (s, 1H, NH), 7.16 (d, J=8.8 Hz, 2H, ArH), 
7.21 (d, J=8.4 Hz, 2H, ArH).

Diethyl 4-(2-chlorophenyl)-2,6-dimethyl-1,4-dihy-
dropyridine-3,5-dicarboxylate (4e); White solid. m.p. = 
118–120 °C; IR (KBr, cm–1( ν: 3325 (NH), 3060 (=CH2), 
2978 (-CH, sp3), 1699 (C=O), 1671 (C=C), 1613, 1491 
(C=C, Ar), 1206 (C-O); 1H NMR (CDCl3, 400 MHz, δ / 
ppm): 1.20 (t, J=7.2 Hz,6H, 2CH3), 2.31 (s, 6H, 2CH3), 
4.07 (q, 4H, 2CH2), 5.39 (s, 1H), 5.65 (s, 1H, NH), 7.04  
(t, J=7.6 Hz,1H, ArH), 7.12 (t, J=7.6 Hz,1H, ArH), 7.22  
(d, J=8 Hz, 1H, ArH), 7.37 (d, J=1.6 Hz, 1H, ArH).

Diethyl 4-(2,4-dichlorophenyl)-2,6-dimethyl-1,4-di-
hydropyridine-3,5-dicarboxylate (4h); Yellow solid; m.p = 
140–142 °C; IR (KBr, cm–1( ν: 3378 (NH), 3087 (=CH2), 
2980 (-CH, sp3), 1699 (C=O), 1679 (C=C), 1617, 1494 
(C=C, Ar), 1201 (C-O); 1H NMR (400 MHz, CDCl3, ppm) 
δ: 1.20 (t, J=7.2 Hz, 6H, 2CH3), 2.31 (s, 6H, 2CH3), 4.07 (q, 
4H, 2CH2), 5.35 (s, 1H), 5.61 (s, 1H, NH), 7.10 (d, J=7.6 
Hz, 1H, ArH), 7.25 (s, 1H, ArH), 7.31 (d, J=8.0 Hz, 1H, 
ArH).

Diethyl 4-(3-methoxyphenyl)-2,6-dimethyl-1,4-di-
hydropyridine-3,5-dicarboxylate (4l); Yellow solid; m.p. = 
119–123 °C; IR (KBr, cm–1) ν: 3342 (NH), 3095 (=CH2), 
2983 (-CH, sp3), 1699 (C=O), 1649 (C=C), 1605, 1487 
(C=C, Ar), 1215 (C-O); 1H NMR (400 MHz, CDCl3, ppm) 
δ: 1.23 (t, J=7.2 Hz, 6H, 2CH3), 2.32 (s, 6H, 2CH3), 3.76 (s, 
3H, CH3), 4.11 (q, 4H, 2CH2), 4.98 (s, 1H), 5.72 (s, 1H, 
NH), 6.67 (d, J=8.8 Hz, 1H, ArH), 6.84 (s, 1H, ArH), 6.89 
(d, J=6.8 Hz, 1H, ArH), 7.13 (t, J=8.0 Hz, 1H, ArH).

Diethyl 4-(4-methoxyphenyl)-2,6-dimethyl-1,4-di-
hydropyridine-3,5-dicarboxylate (4j); White solid; m.p. = 
150–155 °C; IR (KBr, cm–1) ν: 3343 (NH), 2983 (-CH, sp3), 
1689 (C=O), 1650 (C=C), 1210 (C-O); 1H NMR (400 
MHz, CDCl3, ppm) δ: 1.23 (t, J=7.2 Hz, 6H, 2CH3), 2.32 (s, 
6H, 2CH3), 3.75 (s, 3H, CH3), 4.09 (q, 4H, 2CH2), 4.93 (s, 
1H), 5.60 (s, 1H, NH), 6.75 (d, J=8.8 Hz, 2H, ArH), 7.20 (d, 
J=8.4 Hz, 2H, ArH).

Diethyl 4-(4-fluorophenyl)-2,6-dimethyl-1,4-dihy-
dropyridine-3,5-dicarboxylate (4i); Yellow solid; m.p. = 
145–147 °C; IR (KBr, cm–1) ν: 3343 (NH), 3068 (=CH2), 
2983(-CH, sp3), 1688 (C=O), 1652 (C=C), 1210 (C-O); 1H 
NMR (400 MHz, CDCl3, ppm): 1.21 (t, J=7.2 Hz, 6H, 
2CH3), 2.33 (s, 6H, 2CH3), 4.04 (q, 4H, 2CH2), 4.95  
(s, 1H), 5.67 (s, 1H, NH), 6.88 (t, J=8.4 Hz, 2H, ArH), 7.23 
(t, J=5.6 Hz, 2H, ArH).

Diethyl 4-(2-bromophenyl)-2,6-dimethyl-1,4-dihy-
dropyridine-3,5-dicarboxylate (4f); Yellow solid; m.p. = 
128–131 °C; IR (KBr, cm–1) ν: 3325 (NH), 3058 (=CH2), 
2978 (-CH, sp3), 1698 (C=O), 1673 (C=C), 1613 , 1490 
(C=C, Ar),1208 (C-O); 1H NMR (400 MHz, CDCl3, ppm) 
δ: 1.20 (t, J=7.2 Hz, 6H, 2CH3), 2.30 (s, 6H, 2CH3), 4.08 (q, 
4H, 2CH2), 5.36 (s, 1H), 5.62 (s, 1H, NH), 6.96 (t, J=8.8 
Hz,1H, ArH), 7.17 (t, J=7.2 Hz, 1H, ArH), 7.38 (d, J=1.6 
Hz, 1H, ArH), 7.42 (d, J=8.0 Hz,1H, ArH).

Diethyl 4-(4-(dimethylamino) phenyl)-2,6-dime-
thyl-1,4-dihydropyridine-3,5-dicarboxylate (3k); Yellow 
solid; m.p. = 195–200 °C; IR (KBr, cm–1) ν: 3321 (NH), 
3094(=CH2), 2978 (-CH, sp3), 1695 (C=O), 1674 (C=C), 
1492, 1613 (C=C, Ar), 1203 (C-O); 1H NMR (400 MHz, 
CDCl3, ppm) δ: 1.24 (t, J=7.2 Hz, 6H, 2CH3), 2.32 (s, 6H, 
2CH3), 2.89 (s, 6H, CH3), 4.08 (q, 4H, 2CH2), 4.88 (s, 1H), 
5.65 (s, 1H, NH), 6.61 (d, J=8.4 Hz, 2H, ArH), 7.17 (d, 
J=7.2 Hz, 2H, ArH).

Diethyl 2,6-dimethyl-4-(p-tolyl)-1,4-dihydropyri-
dine-3,5-dicarboxylate (4o); White solid; m.p. = 139–140 
°C; IR (KBr, cm–1) ν: 3358 (NH), 2986 (-CH, sp3), 1695 
(C=O), 1652 (C=C), 1203 (C-O); 1H NMR (400 MHz,  
CDCl3, ppm) δ: 1.23 (t, J=7.2 Hz, 6H, 2CH3), 2.27 (s, 3H, 
CH3), 2.32 (s, 6H, 2CH3), 4.08 (q, 4H, 2CH2), 4.95 (s, 1H), 
5.62 (s, 1H, NH), 7.01 (d, J=7.6 Hz, 2H, ArH), 7.17 (d, 
J=8.0 Hz, 2H, ArH).

Diethyl 4-(2-fluorophenyl)-2,6-dimethyl-1,4-dihy-
dropyridine-3,5-dicarboxylate (4g); Yellow solid; m.p. = 
155–157 °C; IR (KBr, cm–1) ν: 3332 (NH), 3104 (=CH2), 
2982 (-CH, sp3), 1694 (C=O), 1651 (C=C), 1215 (C-O); 1H 
NMR (400 MHz, CDCl3, ppm) δ: 1.19 (t, J=7.2 Hz, 6H, 
2CH3), 2.31 (s, 6H, 2CH3), 4.03 (q, 4H, 2CH2), 5.24  
(s, 1H), 5.70 (s, 1H, NH), 6.92(t, J=9.6 Hz, 1H, ArH), 6.99 
(t, J=7.6 Hz, 1H, ArH), 7.08 (t, J=7.2 Hz, 1H, ArH), 7.30  
(t, J=7.2 Hz, 1H, ArH).

Diethyl 2’,6’-dimethyl-1’,4’-dihydro-[2,4’-bipyri-
dine]-3’,5’-dicarboxylate (4n); Brown solid; m.p. = 188–
191 °C; IR (KBr, cm–1) ν: 3172 (NH), 2982 (-CH, sp3), 
1695 (C=O), 1670 (C=C), 1478, 1639 (C=C, Ar), 1212  
(C-O); 1H NMR (400 MHz, CDCl3, ppm) δ: 1.20 (t, J=7.2 
Hz, 6H, 2CH3), 2.26 (s, 6H, 2CH3), 4.05 (q, 4H, 2CH2), 
5.20 (s, 1H), 7.17 (d, J=5.2 Hz, 1H, ArH), 7.43(d, J=6.8 Hz, 
1H, ArH), 7.62(t, J=7.2 Hz, 1H, ArH), 8.51 (d, J=4.4 Hz, 
1H, ArH), 8.71(s, 1H, NH).

Diethyl 4-(3-hydroxyphenyl)-2,6-dimethyl-1,4-di-
hydropyridine-3,5-dicarboxylate (4m); White solid; m.p. 
= 168–170 °C; IR (KBr, cm–1) ν: 3351 (NH), 2978 (-CH, 
sp3), 1651 (C=O), 1593 (C=C), 1217 (C-O); 1H NMR (400 
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MHz, CDCl3, ppm) δ: 1.23 (t, J=7.2 Hz, 6H, 2CH3), 2.32 (s, 
6H, 2CH3), 4.10 (q, 4H, 2CH2), 4.97 (s, 1H), 5.71 (s, 1H, 
NH), 6.62(d, J=7.2 Hz, 1H, ArH), 6.78(s, 1H, ArH), 6.87 
(d, J=7.2 Hz, 1H, ArH), 7.07(t, J=7.6 Hz, 1H, ArH).

Diethyl 4-(9,10-dioxo-9,10-dihydroanthra-
cen-2-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbo-
xylate (3p); Brown solid; m.p. = 195–200 °C; IR (KBr, cm–

1) ν: 3293 (NH), 2983 (-CH, sp3), 1670 (C=O), 1637 (C=C), 
1214 (C-O); 1H NMR (400 MHz, CDCl3, ppm) δ: 1.20 (t, 
J=7.2 Hz, 6H, 2CH3), 2.32 (s, 6H, 2CH3), 4.05 (q, 4H, 
2CH2), 5.33 (s, 1H), 6.17 (s, 1H, NH), 7.74(m, 4H, ArH), 
8.01(d, J=8.0 Hz, 1H, ArH), 8.21 (m, 2H, ArH); 13C NMR 
(100 MHz, CDCl3, ppm) δ: 15.23, 20.18, 41.58, 62.81, 
102.05, 126.94, 130.68, 131.36, 132.62, 133.87, 134.18, 
134.94, 135.25, 144.76, 152.63, 167.54, 181.94. Anal. Calcd. 
for C27H25NO6: C, 70.58; H, 5.48; N, 3.05. Found: C, 70.91; 
H, 5.51; N, 3.07.

3. Results and Discussion
3. 1.  Characterization of MnFe2O4 

Nanocrystals.

Exploring new efficient strategies for the synthe-
sis of organic compounds is a crucial approach for the 
expansion of science and technology. In this research, 
a magnetic nanoparticle catalyst was used in the 
Hantzsch reaction to prepare 1,4-dihydropyridine de-
rivatives (DHP) in high yield. Superparamagnetic 
MnFe2O4 nanocrystals prepared from MnCl2 and Fe-
Cl3 via a co-precipitation routine were confirmed and 
characterized by a vibrating magnetometer (VSM), a 
scanning electron microscope (SEM), Fourier trans-
form infrared spectroscopy (FT-IR), and X-ray dif-
fraction (XRD). Figure 2 shows the FT-IR spectra of 
magnetic MnFe2O4 nanoparticles. The FT-IR spec-
trum shows an absorption band at about 550 cm–1 re-
lated to the Fe-O stretching vibration. It also shows a 
band at 1621 cm–1, which is due to the O-H deforma-
tion vibration, and a band at 3403 cm–1, which is from 
the O-H stretching vibration and is related to the sur-
face hydroxyl groups and physisorbed water.

Figure 2. FT-IR spectra of MnFe2O4 nanoparticles.

Intensity and position of all peaks agreed well with 
the standard MnFe2O4 X-ray diffraction pattern (JCPDS 
chart No. 73-1964), and the particle size of about 33 nm 
was estimated from the line broadening at half maximum 
intensity (FWHM) at 2θ = 35.31 using Debye–Scherrer 
equation; D = 0.9λ/β Cosθ (Figure 3).

Figure 3. The X-ray diffraction patterns of the prepared MnFe2O4 
NPs.

The micro- and nanoscale size and morphology of 
MnFe2O4 were studied by scanning electron microscopy 
(SEM). As Figure 4 shows, MnFe2O4-NP were spherical 
particles with an average size in the range of 33–35 nm.

VSM measures the magnetic properties of MnFe2O4 
nanoclusters; hysteresis loops of MnFe2O4 nanoparticles 
were checked using a vibrating sample magnetometer 
(VSM). Figure 5 shows that the magnetization loop of 
MNPs exhibits superparamagnetic property with magnet-
ization saturation of 57 emu g–1. The superparamagnetism 
of MNPs is very advantageous because the particles are 
magnetized in an existing external magnetic field but show 
no magnetization in the absence of a magnet. Therefore, 
they are highly dispersed in the reaction medium and al-
low rapid penetration of reactants to the surface of the na-
noparticles as an efficient catalyst.

Figure 4. SEM image of MnFe2O4 nanoparticles.
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Figure 5. Magnetization curves of the prepared MnFe2O4 nanopar-
ticles.

3. 2.  Optimization and Generalization of 
Reaction Conditions
To investigate the catalytic activity of MnFe2O4 MNP 

catalysts, their catalytic performance in the reaction of 
ethyl acetoacetate (1), 3-nitrobenzaldehyde (2), and am-
monium acetate (3) was studied (see Scheme 1).

To optimize the reaction, the influence of different 
polar solvents tested for the preparation of 1,4-dihy-
dro-2,6-dimethyl-4-(3-nitrophenyl)-pyridine-3,5-dicar-
boxylate was first investigated. Among the solvents used, 
such as acetonitrile (CH3CN), ethanol, THF, and H2O, 
EtOH is the most suitable for this reaction according to the 
data in Table 1, entries 5–7, because it is polar and protic 
(Table 1, entry 3)

Different amounts of catalyst (2, 4, 5, and 8 
mol%) were used to optimize the amount of catalyst. It 
was found that 5 mol% catalyst loading gave the high-
est yield in the shortest possible time (Table 1, entry 
3). Therefore, the optimum catalyst loading was set at 
5 mol% MnFe2O4 NPs.

To determine the optimum reaction tempera-
ture, the sample reaction was carried out at 60 to 90 
°C (Table 1, entries 8–11). From the results, it was 
concluded that the highest yield in the shortest pos-
sible time for the synthesis of the product was ob-

tained at a reflux temperature of 78 °C (Table 1, entry 
10).

In this study, the reaction for the synthesis of 
various 1,4-dihydropyridines using MnFe2O4 nano-
particles as a heterogeneous catalyst was carried out to 
develop the scope and generality of this method con-
sidering the optimal reaction conditions. In this step, 

some aromatic functionalized derivatives of aldehydes 
with both electron donating and electron withdrawing 
properties were used for the reaction. The correspond-
ing results are summarized in Table 2. It is noteworthy 
that the benzaldehyde derivatives with electron-with-
drawing functional groups, such as 3-nitrobenzalde-
hyde and 4-chlorobenzaldehyde, etc., gave excellent 
yields of the corresponding products (Table 2, entries 
1, 3–9), compared with an electron-donating group, 
which has a lower yield in the reaction (Table 2, en-
tries 10–13).

The structure of MnFe2O4 is a mixed spinel that has 
a close packing of face-centered cubic lattices. The octahe-
dral (Oh) and tetrahedral (Td) sites are occupied by  
Mn2+ and Fe3+ cations. The Oh sites are occupied by  
Mnx

2+Fe2–x
3+, and the metal ions are coordinated with six 

oxygen atoms, and the Td sites are occupied by  
Mn1−x

2+Fex
3+(0 < x < 1), and the metal ions are coordinat-

ed with four oxygen atoms. Since the Td sites have low 

Scheme 1. Model reaction for the synthesis of diethyl-1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate.

Table 1. Optimization of the reaction conditions. a

Entry Catalyst  Solvent T (°C) Time Yield 
 (mol %)   (min) (%)b

1 2 EtOH 78 120 75
2 4 EtOH 78 80 85
3 5 EtOH 78 45 95
4 8 EtOH 78 45 95
5 5 H2O 80 45 80
6 5 THF 60 130 55
7 5 CH3CN 80 150 45
8 5 EtOH 60 80 80
9 5 EtOH 70 60 85
10 5 EtOH 78 45 95
11 5 EtOH 90 50 95

a Reaction conditions: aldehyde (1 mmol), ethyl acetoacetate 
(2.4 mmol), ammonium acetate (1.2 mmol). b Isolated yields.
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Table 2. Synthesis of different 1,4-dihydropyridines from several aldehydes.

Entry Aldehyde Product  Time (min) Yield (%)b Ref.

1    4a 45 95 [50]

2    4b 40 90 [51]

3    4c 45 95 [51]

4    4d 40 92 [50]

5    4e 50 89 [50]

6    4f 40 91 [52]

7    4g 40 90 [52]

8    4h 45 92 [53]

9    4i 40 91 [52]
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Entry Aldehyde Product  Time (min) Yield (%)b Ref.

10    4j 70 88 [51]

11    4k 60 85 [50]

12    4l 70 87 [35]

13    4m 50 90 [50]

14    4n 45 90 [54]

15    4o 80 82 [54]

16    4p 50 82 –

– a Reaction conditions: aldehyde (1 mmol), ethyl acetoacetate (2.4 mmol), ammonium acetate (1.2 mmol), and Mn-
Fe2O4 (5 mol%) in ethanol (5 ml) as solvent at 78 °C. b Isolated yield.

steric hindrance compared to the Oh sites, the Mn atoms 
can act as more effective Lewis acid sites. The interaction 
between the Mn atoms of the nanocatalyst and the active 
sites of the substrate is more favorable.48,49

In agreement with the reaction mechanism proposed 
by some research groups,55–57 the role of the nanocatalyst 
can be explained as follows. The activation of the electro-
philic components of the carbonyl groups of aldehyde and 
acetoacetate adducts by Lewis acid moieties on the mag-
netic nanoparticles could be the driving force of the reac-
tion. The first step involves the condensation of benzalde-
hyde and the enol form of ethyl acetoacetate to form the 

Knoevenagel adduct. At the same time, another interme-
diate is formed by the reaction of ammonia from ammoni-
um acetate with the second equivalent of ethyl acetoace-
tate. Subsequently, the two intermediates formed in the 
above steps are reacted with each other, and the subse-
quent cyclocondensation and dehydration give the 1,4-di-
hydropyridine as the target product. 

To emphasize the value of this study, the results ob-
tained were compared with recently published work in Ta-
ble 3. For this comparison, reaction conditions, reaction 
time and yield were considered in the synthesis of product 
4b. It is worth noting that the efficiency of MnFe2O4 NPs 
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as catalyst in this method is higher and easier to handle 
than some of the reported methods (Table 3, entry 11 ver-
sus entries 1–10).

The reusability of the magnetic MnFe2O4 nanocata-
lyst, as shown in Figure 6, was investigated using the de-
sired reaction under optimized conditions. The catalyst 
was isolated by an external magnet after each reaction and 
then carefully washed 3–4 times with ethanol and acetone. 
The catalyst was dried at a temperature of 60 °C and used 
five times without significant loss of catalytic activity. The 
weight percentage recovery of the catalyst after the reac-
tion shows a negligible weight loss of about 0.3% and > 
99.7% of the catalyst was recovered.

Figure 6. Reusability of the MnFe2O4 nanoparticles as catalyst.

4. Conclusion
In this protocol, we synthesized superparamagnetic 

MnFe2O4 nanoparticles and used them as an efficient cat-
alyst in the synthesis of 1,4-dihydropyridines by one-pot 
condensation of aldehydes, ethyl acetoacetate, and ammo-
nium acetate. The advantages of this method include high 
purity, good yield, simple work-up procedures, mild reac-
tion conditions, short reaction times, magnetic separation 

of the catalyst with a permanent magnet, and reusability of 
the catalyst five times without significant deterioration of 
its activity.
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Povzetek
V prispevku je opisana učinkovita sinteza nekaterih 1,4-dihidropiridinov s pomočjo kondenzacijske reakcije aldehidov, 
etilacetoacetata in amonijevega acetata, v prisotnosti superparamagnetnih nanodelcev manganovega ferita pri 80 °C. 
Prednosti tega postopka so selektivnost, visoka čistost produktov, odlični izkoristki, kratki reakcijski časi, enostavna 
izolacija in okolju prijazni pogoji sinteze. Poleg tega je mogoče katalizator izolirati in večkrat ponovno uporabiti, ne da 
bi s tem bistveno zmanjšali izkoristek reakcije.


