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Abstract: Density functional theory (DFT) calculations were performed to analyze the 

structural and electronic features of tautomers of 5,6-difluor-2,4(1H,3H)-pyrimidindion, 

as a possible compound for pharmaceutical applications. To this aim, possible structures 

of tautomers were obtained by performing optimization calculations and their electronic 

features were investigated. The results indicated that the tautomerism process could 

change the original features of 5,6-difluor-2,4(1H,3H)-pyrimidindion, in which different 

impacts of such changes could be observed for the list of tautomeric structures. Finally, 

further pharmaceutical uses of 5,6-difluor-2,4(1H,3H)-pyrimidindion compound should be 

in accordance with the structural and electronic features of the tautomeric formations. 
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Introduction 

Tautomerism is a common occurring process among the organic compounds, in which one hydrogen 

atom will move usually among the oxygen atomic sites of a heterocyclic compound to produce keto-

enol tautomeric structures [1]. Accordingly, the features of tautomeric structures should be 

investigated to recognize new characteristics of the tautomeric compounds in accordance with their 

behaviors [2]. Not only in the synthetic organic compounds, but the tautomerism will occur in the 

natural bioorganic compounds leading to appearance of mutagenic impacts [3]. Therefore, 

recognizing such features are important in both of synthetic and natural organic/bioorganic 

compounds [4]. Computational chemistry tools could help to approach such goals of materials 

characterizations [5]. Quantum chemical calculations are useful to provide insightful information for 

the characteristic features of matters [6]. To this point, the tautomerism in 5,6-difluor-2,4(1H,3H)-

pyrimidindion (DfPy) compound (Figure 1) was investigated by such calculations to recognize 

structural variations and electronic features. 

In the field of computer-aided drug design (CADD), quantum chemical calculations could help for 

investigating structural and electronic features of the pharmaceutical related compounds for 

predicting or interpreting the structure-activity relationship (SAR) concept [7]. To approach this goal, 

several practical and computational methodologies have been developed up to now [8]. DfPy 

(Figure 1) is a heterocyclic compound as could be known as a derivative of uracil, in which each of 
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5-flurouracil and 6-flurouracil have been seen as possible anticancer drugs [9]. Therefore, it could 

be an important issue to see their structural and electronic features for their further applications in 

pharmaceutical related fields [10]. Earlier works indicated the importance of tautomeric formations 

in the nature of pharmaceutical compounds leading to appearance of new behaviors [11]. 

Therefore, following such variations and examining the impacts on structural and electronic features 

is a must in the case of drug design and development [12]. For the current investigated compound, 

the original heterocyclic structure of DfPy makes it a potent compound for contributing to 

tautomerism process. In this regard, this work was performed to show occurrence of such 

tautomerism process for DfPy compound by means of performing quantum chemical calculations.  

 

 
 

Figure 1: The original 5,6-difluor-2,4(1H,3H)-pyrimidindion (DfPy) compound. 

 

Materials and Methods 

In this work, the B3LYP/6-31+G* level of density functional theory (DFT) quantum chemical 

calculations were performed using the Gaussian program [13]. First, the original structure of DfPy 

(Figure 1) was optimized to obtain the minimized energy structure. Next, possible structures of 

tautomers of DfPy were investigated by movement of the hydrogen atoms of each of N1 and N3 

among the oxygen atomic sites of 2 and 4 yielding formations of five tautomeric compounds in 

addition to the original compound (Figure 2). All models of tautomers were optimized to see their 

stability during geometrical relaxation, and their electronic features were subsequently evaluated 

to analyze the models systems. In Table 1, the results of calculations were included in terms of total 

energy (TE), delta-energy of tautomeric formation (DE), energies of the highest occupied molecular 

orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) levels, energy gap of HOMO 

and LUMO levels (EG), and dipole moment (DM). Additionally, qualitative features including 

distribution patterns of HOMO and LUMO and electrostatic potential (ESP) surfaces were exhibited 

in Figure 3. Indeed, in silico computer-based medium has been seen useful for investigating the 

biological environment besides the well-known in vitro and in vivo media avoiding the impacts of 

unexpected interferers of experiments [14, 15]. 

 

Table 1: Results of calculations for the DfPy models.* 

Model TE DE HOMO LUMO EG DM 

T0 -16688.041 0 -6.950 -1.318 5.632 3.001 

T1 -16687.795 0.247 -6.603 -1.186 5.417 4.596 

T2 -16687.470 0.571 -6.669 -1.502 5.168 5.975 

T3 -16687.191 0.850 -6.761 -0.823 5.938 6.175 

T4 -16687.474 0.567 -6.712 -1.478 5.235 2.304 

T5 -16687.665 0.376 -6.916 -1.011 5.905 3.748 
*All energies are in eV. DM is in Debye. 
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Figure 2: Tautomeric structures of 5,6-difluor-2,4(1H,3H)-pyrimidindion (DfPy) compound. The calculated 
bond distances are shown in Angstrom. 

 

Results and Discussion 

This work was aimed to analyze electronic and structural features of tautomers formations of 5,6-

difluor-2,4(1H,3H)-pyrimidindion (DfPy) compound (Figure 1). As shown in Figure 2, five structures 

of tautomers; T1-T5, were obtained by the hydrogen atoms movements to the oxygen atomic sites 

of T0, the original structure. A quick look at the results of Figure 2 could show impacts of occurrence 

of such tautomerism processes on the structural bonds of the models, in which the bond distances 

and orientations were changed in the tautomeric models in comparison with the original model. 

The results of this work were obtained by performing DFT calculations for the 3D models of 

molecules of DfPy compound, in which the results of optimized structures were summarized in Table 

1 besides representing their configurations in Figure 2. Besides the very light weight of hydrogen 

atom, its role is indeed dominant for putting serious impacts on the structural features of the 

tautomers besides conducting significant variations in the electronic features of the models. 

Accordingly, the optimized configurations and their related features could all show significance of 

such processes in determining the characteristic roles of an organic compound.  

Based on the movements of hydrogen atoms, five tautomeric structures were obtained. As could 

be found by the results of Table 1, different values of TE were calculated for the tautomeric 

structures affirming the impact of occurrence of tautomerism on the structural stability of T1-T5 in 

comparison with the original T0 compound. Interestingly, T0 was placed at the highest stability in 

comparison with other T1-T5 structures showing the impact of tautomerism for making the 

structures unstable. Accordingly, their energies and relaxation configurations were changed. 

Comparing the models based on the obtained values of DE, which are energy differences of each of 

tautomeric structure and T0, could show that the lowest stability was found for T3, and each of T2, 

T4, T5, and T1 were places at the next orders. It is indeed benefit of performing computer-based 

works to achieve such detailed results for investigating the features of chemical compounds. Besides 

the observed variations of energies, variations of HOMO and LUMO levels were found to be 

significant among T0 and T1-T5 structures. The values of both of HOMO and LUMO levels were 

changed in the tautomeric structures and their energy distance, indicated by EG, were also changed 
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for the models. Indeed, it is an important issue to explore such features of the organic molecules 

especially for those molecules with significant roles in the biological systems. Accordingly, the values 

of DM were also changed for the tautomeric models systems. To better characterize the features of 

DfPy models, HOMO and LUMO distribution patterns and ESP surfaces were visualized in Figure 3.  
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Figure 3: HOMO and LUMO distribution patterns and ESP surfaces. 

 

As could be seen by panels of Figure 3, the electronic molecular orbital environments of the 

tautomeric forms of DfPy were detected the effects of occurrence of such tautomerism process by 

the observed colorful variations in the patterns and surfaces. As could be seen in details, the 

concentration of distribution patterns were also changed in this regard. Especially for the cases of 

ESP surfaces, tautomeric formations put significant impacts on the charge distribution of the 

models, in which the range of red-yellow-green-lightblue-blue could imply for negative to positive 

charges variations with the neutral green in the middle. This is indeed an important achievement 

for showing the importance of performing such investigations on those organic/bioorganic 

compounds for predicting or interpreting their features in accordance with their expected 

applications and behaviors. Such variations in the tautomerism processes could lead to appearance 

of several other features, which are not always favorite ones for this issue. As a consequence, the 

impacts of tautomerism were significant for structural and electronic features of DfPy compound. 

 

Conclusion 

In the current research work, structural and electronic features of tautomers of DfPy were 

investigated by performing DFT calculations. The optimization calculations yielded five tautomeric 

structures (T1-T5) besides the original the original DfPy compound (T0). The calculated bond 

distances and orientations showed the impacts of occurrence of tautomerism on the structural 

features, in which the stabilities were also found different by the calculated energy values. T0 

compound was at the highest stability and all tautomers were at lower stability levels. Furthermore, 

variations of HOMO and LUMO levels indicated changes of electronic environments in the 

tautomeric structures. The visualized distribution patterns of HOMO and LUMO and ESP surfaces 

also showed changes of electronic environments of atomic sites of the structures. Consequently, 

the models were varied by their features among the occurrence of tautomerism processes.  
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