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ABSTRACT 

 

An efficient protocol was established for synthesis of 1,4-dihydropyridines 

via one pot condensation of aromatic aldehydes, -dicarbonyl compounds and 

ammonium acetate at reflux condition by using Graphene Oxide nanoparticles as 

catalyst in ethanol. The advantages of this protocol includes high yields, recyclable 

catalyst, easy work-up and selectivity towards 1,4-dihydropyridine derivatives. 
 

Keywords: 1,4-dihydropyridines, Graphene Oxide, Aromatic aldehydes and -

dicarbonyl compounds. 

 

1.  INTRODUCTION 

 

1,4-Dihydropyridines (DHP’s) are an important class of bioactive molecules first 

reported by Arthur Hantzsch in 1882 shows special biological activities in the treatment of 

cardiovascular diseases as a calcium channelblockers.1,4-Dihydropyridines (DHP’s)exhibits 

more than twelve commercial clinically important drugs such as Amlodipine, Nifedipin, 

Nimodipin, Felodipine, Isradipine and Nicardipinewhich are used worldwide1. The derivatives 
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of DHP have shown a variation of biological activities and pharmacological activities, such as 

anti-tubercular, anti-convulsant, anti-tumour, anti-analgesic, anti-inflammatory, cardiovascular 

disease and stress protective activities2-5. 

Hantzsch first reported the synthesis of 1,4-dihydropyridines via the condensation of 

aldehyde, ethyl acetoacetate with ammonia in refluxing alcohol or acetic acid which requires 

longer reaction time and low to moderate yield of product. In recent years several literature 

citations exist relating to various efforts to develop the Hantzsch reaction using alternative 

catalyst and greener methods such as ultrasound irradiation6, solvent free7, catalyst free8, 

aqueous media9, metal triflate10 and PtNPs@GO11. Many of these reported methods are not 

acceptable in the context of green synthesis; involve the use of expensive reagents, hazardous 

solvents, long reaction times and tedious workup procedures. In synthetic organic chemistry, 

a one-pot synthesis has become a method to improve the yield of a reaction wherein a reactant 

is subjected to successive chemical reactions in one vessel. However, the developments in this 

area demand further searches for better catalysts that could be superior to the existing ones 

with regard to toxicity, handling, and recyclability. In this respect, we planned to introduce 

probable catalyst to overcome these restrictions. 

Presently, heterogenous catalysts are particularly Graphene oxide nanoparticles have 

attractive features because of using minimum catalytic amount, reusability, recoverability and 

tolerable metal leaching to the solution. So it has been reported to facilitate several organic 

transformations replacing hazardous chemical reagents12-18. 

Owing to these, here we reported, use of graphene oxide as a metal free catalyst for 

synthesis of 1,4-dihydropyridine derivatives as shown in Scheme 01. 
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Scheme 01: Synthesis of 1,4-dihydropyrimidine derivatives by using Graphene Oxide Nanoparticles.

R'= -OEt or -OMe

 

2.  EXPERIMENTAL 
 

2.1  Materials and Methods 
 

Melting points were measured in open glass capillaries on melting-point apparatus and 

were uncorrected. 
1

H NMR was recorded at room temperature on a Bruker Avance II 400MHz 

Spectrometer (SAIF, Punjab University, Chandigarh) in CDCl
3 

using TMS as internal 

standard. IR spectra (using KBr pellets) were obtained with a Perkin Elmer Spectrum RX FTIR 

mailto:PtNPs@GO.32
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(SAIF, Punjab University, Chandigarh) instrument. The reactions were monitored on TLC 

using pre-coated plates (silica gel on aluminum, Merck). All reagents were obtained from 

commercial sources and used without further purification. Solvents for chromatography were 

distilled before use. Compounds were characterized by IR,1H NMR spectroscopy, Mass 

Spectrometry. Graphene oxide is prepared by using known procedure and characterized by IR 

spectra and XRD analysis on X-Ray Diffraction System Ultima IV(Solapur University). 
 

2.2 Synthesis of Graphene Oxide 
 

Graphene Oxide nanoparticles were prepared by using Hummer’s Method19. The 

graphite powder (2.5g) and NaNO3 (1.25 g) were added to the concentrated H2SO4 (57.5 mL) 

in an ice bath. KMnO4 (7.5 g) was slowly added to the solution, while maintaining the 

temperature below 20°C. The mixture was stirred in the ice bath for 30 min and then put in 350 

C water bath for 30 min. Then 100 mL of hot water was added, followed by 25 mL hydrogen 

peroxide (25wt %,) solution to terminate the reaction. The mixture was filtered and washed 

with deionized water many times to remove any excessive acid and inorganic salts. The 

resulting GO was dried in heating mantle at 60°C. 
 

2.3 Synthesis of 1,4-dihydropyridine derivatives 
 

A mixture of aldehyde (1 mmol), ethyl acetoacetate (2mmol), ammonium acetate 

(3mmol) and catalytic amount of graphene (30 mg) was added in ethanol(10ml) in 50 ml round 

bottom flask were heated at reflux condition with constant stirring for appropriate time till the 

reaction completed (monitored by TLC using 8:2 system of Pet-ether : Ethylacetate). The 

reaction mixture being cooled to room temperature after completion of reaction was poured in 

cold water and filtered to separate catalyst. In filtrate add 10 ml of dichloromethane and 

organic layer was separated and solvent evaporated to afford crude product. Pure product was 

isolated by column chromatography using silica gel (mesh 60-120) and a mixture of pet-ether 

and ethyl acetate (8:2) as mobile phase. Structure of pure compound was confirmed using 
1HNMR, FTIR and elemental melting point, etc. The separated catalyst was rinsed three 

successive times with deionized water after drying in vacuum oven catalyst reused in 

subsequent attempts of reactions. Recyclability of Graphene oxide catalyst was studied over 

five cycles for the synthesis of 1,4-dihydropyridine derivatives under reflux condition. No 

significant loss in the yield and selectivity of product was observed over five cycles. 

 

3. RESULT AND DISCUSSION 
 

3.1 Characterization of synthesized Graphene oxide 
 

The nature of the chemical functionalities was characterized by FTIR [Fig. 1]. An 

intense and broad peak appeared at 3350 cm-1, corresponds to the stretching mode of an O–H 

bond, reveals the abundance of hydroxyl groups in graphene oxide. The strong band at 1735 

cm-1 represents carboxylic acid and carbonyl groups. The bands at 1224 cm-1and 1053 cm-1 

suggest the stretching mode of C–H and C–O (epoxy) bonds of GO, respectively. Fig. 02 
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shows the XRD patterns obtained for graphene oxide powder. In this figure graphene oxide 

nanopowder shows intense (002) centered at 10.840, corresponding to an interlayer spacing of 

0.82 nm. Interlayer spacing can be calculated using Bragg's law (nλ =2d sinϴ, here λ = 0.154 

nm). On the contrary, the literature value for interlayer distance of the (002) peak for graphite 

is 0.337 nm (20). It may conclude that the incorporation of oxygenated functional groups due 

to oxidation of graphite powder to GO enhances its interlayer spacing attached on both sides 

and the edges. 

 
Fig. 1  FTIR spectra of GO nanoparticles 
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Fig. 02 XRD pattern of GO nanoparticles 

 

3.2  Optimization of reaction conditions 
 

Herein, we have attempted the Hantzsch reaction involving synthesis of 1,4-

dihydropyridine using Graphene oxide ascatalyst under reflux condition. For preliminary 

studies, benzaldehyde 1, ethyl acetoacetate 2, ammonium acetate 3 (1 :2 : 1) as representative 

reactants and 20mg of graphene catalyst were selected for optimization of reaction. We found 

that at the given ratio the ethyl acetoacetate was not completelyreacted (monitored by TLC, 

Pet-ether : Ethyl acetate 8:2) affording low yield of 1, 4-DHP, so we use excess of ammonium 
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acetate (1 : 2 : 3) showing total consumption of ethyl acetoacetate with better yield of product, 

this may due to the increase in concentration of liberating ammonia. The effects of temperature 

on the reaction were examined. The yield of the product 4awas strongly depends on 

temperature. The formation of product at low temperature does not fever even after exposure 

to long reaction time. We found that the reaction time decreases and yield of product get 

increases with increase in temperature. This might be because of increase in temperature favors 

the liberation of ammonia from ammonium acetate and promoting the condensation.  

Furthermore the effect of various solvents from non-polar to polar on catalytic activity 

were examined by using 30 mg of catalyst for 1 mmol of substrate under various reaction 

condition. The various solvent (Polar and Non-polar) afforded the desired product in the lower 

to moderate yield (48-71 %, Table 01). Better yield obtained in ethanol (92 %). The reaction 

was also performed in pure water at reflux but it gives moderate yield of 4a(68 %). 
 

Table 01: To study effect of various solvent for synthesis of 1,4-dihydropyridine derivatives 
 

Entry Solvent Amount of Catalyst (mg) Time (Hr) Yield (%) 

1 Hexane 30 3 48 

2 CCl4 30 3 51 

3 THF 30 3 65 

4 DMF 30 3 62 

5 CH3CN 30 3 59 

6 CHCl3 30 3 71 

7 Water 30 3 68 

8 Ethanol 30 3 92 
 

The effect of electron withdrawing and electron donating groups on the yield of 

reaction was studied and is shown in Table 02. Aldehydes bearing electron withdrawing 

groups (Table 02, entry 2-4,6,7,10,12-13) as well as electron donating groups (Table 02, 

entry 5) and general protocol gives satisfactory results when methyl acetoacetate is used as 

dicarbonyl compounds for various aldehydes  react cleanly with excellent yield (Table 02, 

entry 11-13). It has been found that the aliphatic aldehyde also undergo with shorter reaction time. 
 

Table 02: Synthesis of 1,4-dihydropyridine derivatives by using GO at reflux condition. 

Entry R R’ Compound Time(Hr) Yielda (%) 

1 -C6H5 -OEt 4a 3 92 

2 4-ClC6H4 -OEt 4b 4 87 

3 4-OCH3C6H4 -OEt 4c 5 85 

4 4-NO2C6H4 -OEt 4d 2.5 93 

5 4-CH3C6H4 -OEt 4e 4.5 88 

6 3-NO2C6H4 -OEt 4f 3 91 

7 4-OHC6H4 -OEt 4g 4 89 

8 -C10H7 -OEt 4h 5 81 

9 4-BrC6H4 -OEt 4i 4.5 86 

10 4-COOCH3C6H4 -OEt 4j 3.5 92 

11 -C6H5 -OMe 4k 4 88 

12 4-ClC6H4 -OMe 4l 5 82 

13 4-NO2C6H4 -OMe 4m 3 90 
aIsolated yield. 
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Graphene oxide, being heterogeneous catalyst, can easily be separated from reaction 

mixture and reused. Catalytic activity of graphene oxide upon recycle was studied for 5 

reaction cycles after initial reaction to ascertain reuse potential of GO for model reaction. 
 

Spectral data of some selected compounds 
 

1] Diethyl-2,6-dimethyl-4phenyl-1,4dihydropyridine-3,5dicarboxylate(Table2Entry 

1):Yield-92%, m.p. 158-160°C;IR (KBr Pellets) υ = 3331, 2971, 1661, 1459, 714cm-1.1H 

NMR (CDCl3, 400 MHz) δ 1.24 (t, J = 7.3 Hz, 6H), 2.42 (s, 6H), 4.13-4.19 (m, 4H), 5.01 

(s, 1H), 5.69 (s, 1H), 7.11-7.21 (m, 5H); MS (m/z): 329. 
 

2] Diethyl-2,6dimethyl-(4-chloro-phenyl)-1,4dihydropyridine-3,5-

dicarboxylate,(Table2,Entry 2):Yield-87%, m.p 142-144 °C;IR (KBr Pellets): 3327, 

2988, 1675, 1658, 132, 1033, 765  cm-1. 1H NMR (CDCl3,400MHz) δ 1.18 (t,J = 7.4 Hz 

6H, ), 2.32 (s, 1H), (s, 6H), 4.20 (q, 4H), 5.48 (s, 1H), 7.19–7.24 (m, 4H); MS (m/z) 363.12. 
 

3] Diethyl-2,6dimethyl-(4-methoxy-phenyl-1,4dihydropyridine-3,5 

dicarboxylate(Table 2, Entry 3): Yield-85%, m.p. 154-160 °C; IR (KBr Pellets) υ = 

3341, 2979, 2064, 1650, 746cm-1.1H NMR (CDC13, 400 MHz): δ 1.32 (t, J = 7.2 Hz, 

6H,), 2.37 (s, 6H), 3.81 (s, 3H), 4.10-4.15 (m, 4H), 4.89 (s, 1H), 5.60 (s, 1H), 6.81 (d, J = 

8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H); MS (m/z) 359. 
 

4] Diethyl-2,6dimethyl-(4-Nitro-phenyl-1,4dihydropyridine-3,5dicarboxylate(Table2, 

Entry 4):Yield- 93%, m.p. 136-140 °C; IR (KBr Pellets) υ = 3356, 2991, 1649, 1351, 

710cm-1;1H  NMR (CDC13, 400 MHz): δ 1.24 (t, J = 7.2 Hz, 6H), 2.36 (s, 6H), 4.10-4.15 

(m, 4H),   5.16 (s, 1H), 5.58 (s, 1H), 7.56 (d, J = 8.8 Hz, 2H), 8.14 (d, J = 8.8 Hz, 2H); 

MS(m/z) 374. 

 

4. CONCLUSION 

 

In conclusion, we have developed a simple and highly efficient method for one pot 

three component synthesis of 1,4-dihydropyridines in good to excellent yields from aliphatic, 

various aromatic aldehydes, ethyl acetoacetate, methyl acetoacetate and  ammonium acetate 

in presence of graphene oxide as a heterogeneous and metal free acid catalyst under reflux 

condition in ethanol. The catalyst has been quantitatively recovered and reused. The 

experimental protocol is simple, mild, affording high yields and represents an attractive 

alternative to existing methods. 
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