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1. Introduction 

    Density functional theory (DFT) [1] has proved itself to be a valuable tool for the quantum 

mechanical description of electronic structure and properties of atoms, molecules, clusters and 

solids. The central theme of DFT is the use of the single-particle electron density [2] as the 

basic variable to express the energy of a many electron system as a unique functional of the 

density. Starting with the pioneering work of Hohenberg and Kohn [3], DFT has been elevated 

from its status of being a ground state theory to include excited states [4] and time-dependent 

phenomena [5]. Besides providing conceptual simplicity and computational economy, DFT has 

given birth to a number of important chemical concepts [1,6] and has also provided rigorous 
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foundation to many of the existing concepts, important examples being the concepts of 

electronegativity[7], chemical hardness [8], Fukui function [9] and several other chemical 

reactivity indices [10,11]. 

    The importance of imidazolines in biochemistry has recently increased, since they are found 

in many biologically active compounds.[12] Preparation of 2-substituted imidazolines and 

oxazolines has become of great interest and importance because of their pharmaceutical1 and 

synthetic material applications.[13] In addition, these methodologies provide access to new 

derivatives of the imidazoline pharmacophore observed in many bioactive molecules, for 

example in the cardiovascular arena.[14]  

    They are also used in organic synthesis as synthetic intermediates,[15] chiral ligands,[16] 

chiral auxiliaries,[17] and so on. Furthermore, many oxidizing methods of imidazolines to 

imidazoles, which are also found in many biological compounds, have been reported.[18] 

However, it is essential to have reliable conventional methods at hand to study the geometry 

and conformational hyper surface of molecules with interesting biological properties. 

However, the characteristics studied in this work have not been studied so far. 

2. Computational methods  

    Geometries of quinazolinone and its derivatives were optimized using density functional 

theory (DFT) B3LYP method with 6-31++G(d,p) and 6-311++G(2d,2p) basis sets. Compound 

a (with X = H) is considered as a reference to compound in the comparative investigation of 

the effect of the substitution on the aryl group at the 4 position on the optimized structures of 

4-aryl imidazolin-2,5-diones (IMs) 

Using Koopmans’ approximation can be simplified to the calculation of the chemical potential 

energy (μ) and chemical hardness energy (η) by the following forms equations 2 and 3.  

μ = (ε LUMO + ε HOMO) / 2 (2)  

η = (ε LUMO – ε HOMO) / 2; (3)  
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where the symbols have their usual meaning.  

    Using this simple idea, Parr et al. performed a variation calculation that led to the definition 

of the global electrophilicity index as ω=-ΔE(ΔN*), which may be recast into the more familiar 

form equation 4: 

 

   The global electrophilicity is defined in terms of the electronic chemical potential (μ) and the 

chemical hardness (η). 

3. Results and discussion  

    The general structure of 4-aryl-imidazolin-2,5-diones (IMs) is shown in Fig. 1, where the 

numbering scheme used to describe these structures is also introduced. 

 

 

 

 

Fig  1: General structure of the imidazolidin-2,5-diones and derivatives with aryl-up conformation, and the 

numbering scheme used in this work. An example of the optimized structures imidazolidin-2,4-diones is given 

on the below. The red and blue balls represent the oxygen and nitrogen atoms, respectively 

 

3.1. HOMO-LUMO energy  



J. Chem. React. Synthesis 2022: 12(2) 82-90                                                                          85 

 

    It is well-known that HOMO/LUMO (highest occupied or lowest unoccupied molecular 

orbital) and global electrophilicity/nucleophilicity energy interaction plays very important 

roles in chemical reaction. However, in this section, the HOMO and LUMO energies are 

calculated by B3LYP/6-311++G(d,p) method is shown below. According to equations (2), (3) 

and (4) one could calculate the chemical potential (μ), hardness (η) and global electrophilicity 

of these isomers. The data of this analysis are reported in the table 5. Furthermore, the 

orientationally averaged static polarizability were reported as:  

<α0> = (αxx+αyy+αzz) / 3   (5) 

Which are calculated at HF/6-311++G(d,p) levels of theory. (Table1) 

Table 1. Calculated HOMO, LUMO, chemical potential (μ), hardness (η) and global electrophilicity (ω) energy 

and averaged static polarizability (α) values of fives isomers of IMs using B3LYP/6-311++G(d,p) method. 

(Energies and averaged static polarizability are given in eV and a.u, respectively) 
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    Analysis of the data that reported in the table 1 predicts the most stable isomer is isomer I, 

with no exception compounds, because this isomer has the less electrophilicity. 

Analysis of the optimized structures of imidazolidin-2,4-diones that the five-membered ring 

adopts a envelope conformation, flattened at N1 toward an envelope conformation, with a 

pseudo-axial orientation of the C4 substituent. In Tables 1 the optimized lengths of the C2=O6, 

C5=O7, N1–H, N3–H, and C4–H bonds that play a role in the activities of IMs are listed. 

Furthermore, the optimum values of the N1-C2-N3and N1-C5-C4 triangles, denoted by α and 

β respectively reported in Tables 1. 

Table 2: Selected B3LYP/6-311++G(d,p) optimized geometrical parameters obtained for IMs (bond lengths and 

triangles are given in Å and degrees, respectively) 

 

    A review of the data reported in table 1 shows that the C2=O6, C5=O7, N1-H, N3-H and 

C4-H bond lengths in the IMs compounds are very close, while they are dependent on the type 

of the substituent at the 4 position. The optimized structural parameters show that partial 

conjugation of the N1, N3 and N5 atoms with the carbonyl groups (C2=O6 and C5=O7) 

depends on the α and β angles, since approach of the 27=O6 group towards the coplanar 

conformation results in an increase in the C2=O6 bond lengths, and a decrease in the C5=O7 

bond length. Analysis of the data reported in the table 1 show that the N1-C2-N3and N1-C5-

C4 triangles are not flat because values of the N1-C2-N3and N1-C5-C4 triangles are <120°. 
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This parameter can be effect on the resonance of electron pair of N1 and N3 atoms with C=O 

groups. 

3.2. Vibration analysis  

    Vibration analysis was carried out on the optimized geometries of the DHPMs at B3LYP/6-

311++G(d,p) level of theory. The harmonic frequencies calculated for IMs along with their IR 

intensities (given in parentheses) are reported in Table 3. 

Table 3: Calculated harmonic frequencies (cm-1) (IR intensities) obtained for the B3LYP/6-311++G(d,p) 

optimized structures of IMs. 

 

 

    The C2=O67 and C5=O8 stretching frequencies in IMs core are normally lies between 

1814.3-1820.4 and 1846.4-1858.9 cm-1, respectively. In this region, the bands are affected, 

appreciably by the nature of the substituents. A review of the data reported in Table 1 shows 

also that the vibrational frequencies of these carbonyl groups in the heterocyclic of IMs core 

dependence on the type and position of the substituent. 

3.3. Thermochemical analysis 

     Standard formation enthalpies (ΔH°f) of the 4-aryl-the imidazolidin-2,5-diones compounds 

were calculated by using the B3LYP/6-311++G(d,p) level and below reaction. (Eq. 1) The 

results of the calculations are reported in table 2.  

a C (s) + b H2 (g) + c N2 (g) + d O2 (g) → product 1 
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Table 4: Standard enthalpies of the formation of some IMs calculated based on the B3LYP/6-311++G(d,p) 

optimized structures IMs compounds. 

 

 

The analysis of the data reported in Table 2 shows that the synthesis of MIs are exothermic and 

ΔH0f also depends on the type and position of the substituent on the aryl ring. 

4. Conclusions  
 

    The B3LYP/6-311++G(d,p) calculations show that the heterocyclic ring in all IMs has a flat 

envelope conformation, and the aryl rings substituted at the 4 position are not perpendicular to 

heterocyclic ring of IMs. Calculated harmonic frequencies of the CO bond stretching show the 

general order υC5=O8>υC2=O6. Furthermore, the balance between donor-acceptor 

interactions of different bonds/atoms of the aryl ring and those of the heterocyclic ring plus 

induction and resonance effects determines the differences in the formation of enthalpies of 

IMs compounds. 
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