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The in silico binding [Pharmophore:Peptide] complex by the mechanism of 

-stack interaction between heterocyclic bases and model peptide bond are 

presented in the framework of the fragment-to-fragment approach. A careful 

analysis of the DFT calculationі of [Pharm:Pept] complexes with a model peptide 

bond by the mechanism of -stack interaction shows that the binding energy 

increases when the heteroatom is replaced in a series NHOS. Expansion of 

the -electron system by anellating the oxazole with acceptor pyridine and 

pyrimidine rings leads to a decrease in the stabilization energy of [Pharm:Pept] 

complexes. 

Keywords: fragment-to-fragment approach, peptide bond, binding energy. 

 

У рамках наближення «фрагмент до фрагмента» in silico досліджено 

утворення комплексів, що утворюються між фармакофором (азотисті 

гетероцикли) та модельними пептидними зв’язками за механізмом                    

-стекової взаємодії. Ретельний аналіз DFT-розрахунку комплексів 

[Pharm:Pept] з модельним пептидним зв’язком показує, що енергія 

комплексоутворення зростає при послідовній зміні гетероатома 

досліджених сполук у ряду NHOS. Розширення -електронної системи 

оксазолу та його похідних шляхом анелювання акцепторними 

піридиновими та піримідиновими кільцями приводить до зменшення енергії 

стабілізації -комплексів [Pharm: Pept]. 

Ключові слова: наближення «фрагмент до фрагмента», пептидний 

зв’язок, енергія зв’язування. 

 

Pharmacologically active compounds, which are based on nitrogenous 

conjugated bicyclic compounds, are well-known for their vital role in the 

metabolism of all living cells [1-3]. These compounds are suitable to design new 

perspective molecules using the so-called Fragment-Based Drug Discovery 

(FBDD) method [4-5]. This strategy consists of screening low molecular weight 
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compounds (Pharmacophores) against macromolecular targets (usually Peptides) 

of clinical relevance. Recently, series of new nitrogenous conjugated bicyclic 

molecules were synthesized and were evaluated in vitro for anticancer and other 

biological activities [6-7]. More active was revealed oxazoles with branched 

conjugated systems formed by annealing the heterocycle with benzene and 

nitrogen-containing derivatives. Earlier [8-10], in the fragment-to-fragment 

approach considered the interaction of oxazole and their derivatives with different 

amino acid residues in the protein molecule, generating a [Pharm-BioM] complex 

by the mechanism of -stack interaction and mechanism of interaction of 

hydrogen bonds. 

This paper presents the results of in silico studies in the framework of the 

fragment-to-fragment approach of the stability of the [Pharmophore:Peptide] 

complex formed between peptide bonds in a model protein with heterocycles as 

pharmacophores.  

The oxazole molecule has two distinctive features: 1) it contains the 

branched -system, therefore, can form the complex by the -stack interaction 

with the suitable conjugated fragments of the biomolecules; 2) it contains the 

two-coordinated nitrogen atom with the LEP and hence can form the complex by 

the hydrogen bond when this atom being the acceptor for the proton. Then, in this 

paper, the possible expansion of the conjugated system and increase of the LEPs 

in the anellated oxazole derivatives 1-3 were investigated. 

 

 

 

 

 

 

 

As regard to polypeptide chain, here the only model molecules contain one 

and two peptide bonds are study; they can be presented by following formulae 4 

and 5: 

 
 

The double bond of the >C=O group and LEP of the nitrogen atom form 

the shorting conjugated system, whereas the LEPs of the oxygen atom and 

hydrogen atom could take part in forming of the hydrogen bonds. So, here, only 

the complex of the molecules 1-3 with model molecules 4, 5 formed by the            

-stack interaction will be considered. 
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The main characteristics of the electron structure (optimized molecular 

geometry, charge distribution, energies and shapes of molecular orbitals) were 

calculated by DFT/6-31 G(d,p)/wB97XD) method (package GAUSSIAN 03 

[11]). 

 

Possible interaction compounds 1-3 and its derivatives with the peptide 

bonds 

According to theoretical conception, the capacity of the organic molecules 

to form stable complex with peptides is essential condition of the biological 

activity; it is designated as its affinity. Then, pharmacophore [Pharm] and 

biological molecule Peptide [Pept] form the stable complex [Pharm:Pept]. The 

complex stability depends from both environment and chemical constitution of 

both components [12]. Here, we supposed that the complex and its component are 

neutral and hence no electron redistribution between component upon 

complexation do not occur. Stability energy of the complex (or binding energy 

Ebind) was estimated as the difference of the total energies of the complex its 

components: 

Ebind = E[Pharm:Pep] – E[Pharm] – E[Pept] 

 

where E[Pharm:Pep] is energy of the optimized [Pharm:Pept] complex, while E[Pharm] 

and E[Pept] are energies of both optimized components.  

Recently, it was proposed the fragment-to-fragment approach [8-10], which 

could be considered as the next step in silico modeling. This approach divides the 

total interaction into the particular components and hence enables to estimate of 

the interaction between fragments by the more correct non-empirical quantum-

chemical methods, i.e. it is taken into consideration the chemical constitution and 

electron structure of the complex and it is both components. 

Generally, the stack interaction between two -electron systems A 

(Pharmacophore) and B (Peptide) is connected with the relative positions of the 

molecular levels of both molecules, which can be estimated by perturbation 

theory [13]. It follows, that interactions between the occupied levels of 

component A with the vacant levels of another component B depend on the 

overlap of the orbitals. The molecular levels of the components for the probability 

of complex formation will be considered later. 

 

Planarity and geometrical dimensions of molecules studied 

The performed optimization of the molecular geometry of the investigated 

compounds and corresponding complex shows that all molecules have a planar 

constitution (what typical for the conjugated systems); this planarity is no disturb 

upon complexation. The molecular dimensions of the complex components are in 

the same order; they are presented in Figure 1. 
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          1b 

 

            3  

 
 

Fig. 1. Optimized geometry of molecules studied: 1b, 2b, 5, 6 

 

Benzoxazole 1b and its derivatives 2-3 take the relative space: the 

thickness of -electron shell is 3,4 Å; then value of the oxazole cycle is 

[6х6х3,4] Å
3
; of the annelated derivatives is [7х8,5х3,4] Å

3
; of the model 

peptide 4 is [7х5х3,4] Å
3
; of model dipeptide 5 is [11х7х3,4] Å

3
. The hetero- 

substitution OSNH2 increases somewhat the total molecular value.  

It follows from Figure 1, the molecule 1-3 can form the binary 

[Pharm:Pept] complex by -stacking interaction using both -bonds in dipeptide 

6. 

 

The molecular levels of the components for the probability of [Pharm:Pept] 

complex  

So as the molecules 1-3 contain dicoordinated nitrogen atoms (their trtrtr
2
 

electron configuration), then n-MOs occurs in the electron shell beside -levels. 

The corresponding LEPs can take part in the possible hydrogen bonds; the energy 

of these bonds depended on the dispositions of the n-levels. For sake illustration, 

the energies and shapes of the frontier and nearest MOs in the compounds 1a-1c 

as well as the model peptide 5 and dipeptide 6 are pictured in Figure 2. 

Elongation of the polypeptide chain (introduction of the second unit of the 

peptide bond), as shown in Figure 2а, leads to an asymmetric distribution of 

electron density in the dipeptide. This distribution must be take into account when 

interacting with the pharmacophore by the -stack mechanism. The n-molecular 

orbital (n-MO), which is "responsible" for the formation of a hydrogen bond in 

complex formation, as shown in Figure 2b, is not sensitive to the replacement of 

the heteroatom X in compounds 1: it is stable on HOMO (-2), therefore, the 

formation of a [Pharm:Pept] complex by the mechanism of -stack interaction 

has a high probability. 
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Fig. 2. Shape of frontier MO and n-MO in peptides 4-5 (a), compounds 1a-1c (b) 

and 1b, 2, 3 (c) 
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Аn expansion of the total conjugation system of the studied compounds by 

annelation causes the new high positioned -MO. At the same time, the addition 

of the pyridine acceptor cycle leads to the appearance of additional (pyridine) n-

MO, which is much higher (HOMO (-1)), and the n-MO of the heterocycle is 

shifted down on the level and is HOMO (-3) (Figure 2c). Annelation by a more 

pyrimidine acceptor cycle causes the appearance of another additional n-MO, 

which occupies the position of HOMO (0) and a subsequent shift in the level of 

n-MO heterocycle so that it became HOMO (-4) (Figure 2c). Besides, such 

change of the mutual position -levels and n-levels should influence on the 

[Pharm:Pept] complex, stabilizated by mechanism of -stack interaction.  

 

[Pharm:Pept] Complex stabilized by stacking --interaction 

Based from the relative the geometrical dimensions of the investigated 

compounds 1-3 and model peptides 4 and 5, it can be assumed that the formation 

of the [Pharm:Pept 4] complex should be more efficient compared to the 

[Pharm:Pept 5] complex, especially for annulus derivatives 2-3. Firstly, it should 

be noted that bicyclic molecules 1-3 have a common plane of overlap with both 

peptide 4 and dipeptide 5. For sake illustration, Figure 3 shows the optimized 

geometries of the complexes of the benzoxazole 1b with the model molecules 4 

and 5:  

           (a) 
            (a) 

 (b)  (b) 

 

 
Fig. 3. Optimized geometries of [Pharm:Pept] complexes of benzoxazole 1b with 

peptide 4 (a) and dipeptide 5 (b) 

 

The peptide bond =C(O)–NH– can exist in two spatial conformation (cis- 

and trans-) in relative to the polypeptide chain plane [14-15]. For the investigated 

molecules the complex formation was calculated with model peptides in the 

trans- position. In Table 1 the calculated bonding energies of the possible 

[Pharm:Pept ] complexes of compounds 1-5 are presented.  
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Table 1 

Stability of [Pharm:Pept] complexes between molecules 1-3 and model peptide 4 

and dipeptide 5 

Molecule 
a
Emol, a.u. 

[Pharm:Pept 4] [Pharm:Pept 5] 

b
Ecompl, a.u. 

c
Ebind, 

kcal/mol 
b
Ecompl, a.u. 

c
Ebind, 

kcal/mol 

1,3-oxazole
[12]

 -245.992019658 -494.458331965 -9.21 - - 

1a -379,7477571 -628.2159653 -10.49 -836.1751181 -25.11 

1b -399,5947100 -648.060865334 -12.71 -856.02241454 -30.60 

1c -722,5739643 -983.7349764 -14.48 -1179.020815 -36.83 

2 -415.62782517 -664.09305761 -8.62 -872.056904788 -26.18 

3 -431.65161043 -680.1122263 -5.73 -888.07587177 -23.16 

peptide 4 -248.451486374  

peptide 5 -456.387350963  
a
Emol. (a.u.) - energy of separate molecules (in atomic units) 

b
Ecompl. (a.u.) – energy of [Pharm:Pept] complex 

c
Ebind calculated by the formula (1) is binding energy 

 

Comparing Table 1 shows that binding energy of [Pharm:Pept] complexes 

by the mechanism of -stack interaction are sensitive to changes in the 

heteroatom NHOS and increase sequentially in accordance with the 

electronegativity of heteroelements, at  3 kcal/mol. It should be noted that the 

anellation of the 5-membered 1,3-oxazole leads to sensible increasing of the 

binding energies, at  1.5 kcal/mol. Going to the possible [Pharm:Pept] complex 

with the dipeptide 5 (with two parallel peptide conjugated systems) increases 

twofold the stabilization energy.  

At the same time, data in Table 1 point that replacing of methine groups in 

benzene ring by the more electronegative nitrogen atoms decreases the highest 

occupied level of pharmacophore and hence it holds away from the vacant level 

of the peptide; it is why the stabilization energy decreases in series of the 

compounds 123, at  5 kcal/mol. 

The theoretical in silico analysis of the interaction between pharmacophore 

molecules based on bicyclic nitrogen heterocycles with model peptides shows 

that (in addition to hydrophobic interaction) the stabilization of [Pharm: Pept] 

complexes is ensured by the -stack interaction of the pharmacophore molecule 

systems with the -peptide bond system. The expansion of the conjugate 

heterocyclic compounds by anellation is accompanied by an increase in the 

acceptor properties of studied heterocycles, as a result of which the stability of the 

[Pharm:Pept] complexes formed by the -stack interaction mechanism increases. 

The transition to bicyclic conjugate systems with two or three di-coordinated 

nitrogen atoms provides additional stabilization of [Pharm:BioM] complexes due 

to the possible simultaneous formation of several hydrogen bonds, as opposed to 
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low energy formation of [Pharm:Pept] complexes by the mechanism of -stack 

interaction. 
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