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ABSTRACT 

4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile was synthesized from the 

benzaldehyde,malanonitrile and urea followed by characterization using IR 

spectroscopic technique. Quantum chemical calculations were performed to optimize 

geometry of the title compound by density functional theory method at B3LYP level and 

6-311++G (d, p) as basis set. Fundamental vibrational frequencies were calculated 

theoretically by DFT and HF method and compared with experimental data. The small 

difference between observed and scaled theoretical frequencies were recorded. 

Absorption maxima (λmax) is calculated with the help of HOMO-LUMO energy gap. 

Small energy gap implies an electron density transfer from HOMO to LUMO and implies 

the reactivity of the title compound. 

Keywords: DFT study, HOMO-LUMO, IR spectrum, 4-amino-2-hydroxy-6-

phenylpyrimidine-5-carbonitrile, vibrational frequencies. 

 

 

INTRODUCTION  

 Nitrogen heterocyclic compounds are of special interest, as they constitute an important class of 

natural and non-natural products, many of which exhibit useful biological activities.[1] Pyrimidines, 

being an integral part of DNA and RNA impart diverse pharmacological activities. The biological and 

synthetic significance places this scaffold at a prestigious position in medicinal chemistry research [2] 

Heterocyclic molecules are of biological interest due to their potential physical and chemical properties 

[3]. Among these, the pyrimidine compounds occupy a unique position in pharmaceutical chemistry, as 

they are components of nucleic acids. The important pyrimidine compounds have diverse applications as 

bactericidal [2] fungicidal [4], analgesics [5], anti-inflammatory [6] and anti tumor agents [7]. Nowadays, 

the one-step methods involving three-component condensation using different reagents and catalysts are 

popular in synthetic organic chemistry for the synthesis of heterocyclic compounds. These single step 

methods are more convenient as compared with two-step strategies as they require shorter reaction times, 

product isolation easy and give higher yields and recoveries of the product. Peter Russell and George H. 

Hitchings prepared 2, 4, 6- triaminopyrimidines by refluxing malononitrile with guanidine in alcohol 

[12]. Biginelli reported one-step synthesis of 3, 4-dihydro pyrimidones by three- component condensation 

of aldehydes, ethyl acetoacetate and urea [13] in alcoholic medium using strong mineral acid. These 

compounds possess several pharmaceutical properties like antibacterial, antiviral, anti-inflammatory, anti-
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hypertensive. Although a number of papers have been reported concerning the synthesis of pyrimidine 

derivatives [8, 9], few one-pot syntheses [10, 11] have been published using aromatic aldehydes, cyano 

ethyl acetate and thiourea. . Ab initio and Density Functional Theory (DFT) methods have become a 

powerful tool to investigate molecular structure and vibrational spectra in most of the chemical studies. 

Traditional ab initio methods have been used for many years and there is number of evidence of 

computational data from which researchers can choose a proper theory level that predicts the physical and 

chemical properties of the system under consideration [14]. DFT methods can produce good optimization 

of the chemical system [15].  N Sundaraganesan et al. [16] reported the optimized geometry and 

vibrational frequencies, of 4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile by HF and density 

functional B3LYP method with the 6-311G (d, p) basis set. S Chandra et al. reported IR and HOMO-

LUMO energy gap of 4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile experimentally and 

theoretically, by DFT method at B3LYP level using 6-311++ G (d, p) basis set. Literature survey reveals 

that, optimization and vibrational frequencies for 4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile 

have not been reported so far. Therefore, the 4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile 

synthesized by the reported  method. The optimized geometries and vibrational frequencies of the title 

compound was carried out by density functional theory method at B3LYP level using 6-311++G (d, p) 

basis set.These frequencies were analysed and compared with the experimental data. HOMO and LUMO 

energy have been used to calculate absorption maxima of the molecule. 

EXPERIMENTAL WORK (SYNTHESIS OF 4-AMINO-2-HYDROXY-6-

PHENYLPYRIMIDINE-5-CARBONITRILE) 

4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile was synthesized from aldehyde (1),malanonitrile  

(2) and urea (3) in presence of phosphorus pentoxide  following scheme-1 one pot efficient procedure 

.The solid product obtained was purified by crystallisation using ethyl alcohol 

Synthesis  
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                 Scheme-1 

MATERIALS AND METHOD  

 The reagents required for the synthesis of 4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile 

were analytical grade purchased from Sigma Aldrich and S.D. Fine chemicals and were used without 

further purification. IR spectrum was recorded as KBr pellets on a Shimadzu FTIR-408 

spectrophotometer 
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Computational Details: Computational calculations were performed on an lenovo Core i3 personal 

computer using the Gaussian 09W program
19

 package without any constraint on the geometry. 

Geometries of the compound was optimized by DFT/B3LYP at 6-311++G (d, p) basis set to confirm the 

structure as minima. The vibrational frequency assignments and other parameters were made using Gauss 

View 5.0 molecular visualization program.  

Spectral Data: The spectral data of the compound is shown below. The experimental IR and 

theoretical IR spectrum are shown in figure 1. 

Experimental and computed (scaled) selected fundamental vibrations of 4-amino-2-

hydroxy-6-phenylpyrimidine-5-carbonitrile. 

Selected 

normal 

mode 

Calculated IR 

frequencies cm
-1 

(Scaled) 

IR 

intensities 

(km) mol 

Experimental IR 

frequencies cm
-1

 

Assignments 

66 3995 183.56 3800 O-H str.  

65 3817 88.43 3851 N-H str. (1
o
 amine) (Asym) 

64 3687 129.19 3032 N-H str. (1
o
 amine) (Sym) 

63 3247 2.44 3250 Ar-H str. (sym) 

58 2459 45.27 2218 C≡N str. (sym) 

54 1706 350.40 1581 Ar. C=C str. 

51 1554 476.19 1555 C-O str.  

50 1409 2.02 1446 Ar-H (ip) bending 
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 (b) IR Spectrum by DFT/B3LYP at 6-311++G (d, p) 

 

Fig. 1-IR spectrum (Experimental and Theoretical) of 4-amino-2-hydroxy-6-phenylpyrimidine-5-
carbonitrile. 
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Optimized molecule of 4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile. 

 

RESULT AND DISCUSSION 

 During the progress of reaction, the activated malononitrile is likely to be formed via a 

Knoevenagel condensation reaction of aromatic aldehydes and malononitrile. These further reacted with 

urea to form desired product. In the presence of phosphorus pentoxide, reaction proceeds smoothly giving 

desired products in short time and in a quantitative yield. The formation of the product takes place when 

aryl aldehydes were reacted with malononitrile to form arylmethylene malononitrile, which subsequently 

reacted with urea to form desired product. Phosphorus pentoxide is inexpensive reagent and has tendency 

to absorb water molecules. The latter property of phosphorus pentoxide enhances the rate of reaction, as 

one water molecules are formed during the progress of the reaction.Therefore isolation of product was 

much easier.These results introduce another important application of phosphorus pentoxide in organic 

synthesis.  

CONCLUSION  

  4-amino-2-hydroxy-6-phenylpyrimidine-5-carbonitrile was synthesized and characterised by the 

IR spectroscopy.The optimized geometries were computed by DFT/ B3LYP at different basis sets using 

Gaussian 09W package and Gauss view A-5.0. Vibrational assignments were examined by DFT and HF 

methods of computation and the values predicted by DFT/B3LYP at 6-311++G (d, p) were found to be 

nearly in good agreement with the experimental values of the title compound. 
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