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ABSTRACT

The quantum-chemical properties of ibuprofen, known non-steroid anti-inflammatory drug, derivative of phenylpropionic acid, needed to understand mechanisms of biological and pharmacological activity at a molecular level, have been studied. The geometry optimization for ibuprofen molecule was performed by PM3 method, Polak-Ribiere algorithm. The distance between atoms, total charge density, energetic characteristics of molecular orbitals of ibuprofen molecule have been determined. Found quantum-chemical properties of ibuprofen can be the basis of molecular mechanisms of its anti-inflammatory, analgesic and antipyretic action.
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INTRODUCTION

Ibuprofen belongs to the non-steroid anti-inflammatory drugs (NSAID), the class of drugs which are effective in reducing pain, inflammation, and fever, commonly employed in clinical practice [1, 2]. 

Regardless of the fact that a number of NSAID increased significantly over the last years and this group comprised a considerable amount of medicinal products different in chemical structure, characters of action and administration. Taking into consideration ibuprofen pharmacotherapeutic activity and its low toxicity, this medicinal product remains agent of choice for treatment of inflammatory conditions, painful processes and fever, especially in pediatric practice. [1, 2]. 
Ibuprofen has a variety of advantages not only in NSAID group but among the medicinal products of other pharmacotherapeutic groups applied for arresting of headache. Ibuprofen provides better analgesia than paracetamol and also predominates acetylsalicylic acid in safety attributes. Major feature of ibuprofen is ability to use it in patients of all ages (agent of choice in pediatrics for arresting of pain and fever). Medicinal product has advantageous pharmacokinetic profile: rapid time to reach maximum concentration in plasma at the administration of this drug (45 min) and sufficient retention time of active concentrations for drug administration with the purpose of symptomatic pain relief once every 4–6 h. Combination of these properties allows to arrest pain effectively, at peace with patient’s rhythm of life and plans (job, rest, sleep etc.), obviates the need for administration of concomitant drugs to resolve of pain syndrome [3 - 6].
Ibuprofen complies with all requirements applicable to “ideal” over-the-counter analgesic: presence in different formulations (tablets, capsules and suspensions), which are quickly adsorbed in stomach and intestinal tract; quick creation of peak concentrations in plasma; relative short elimination half-life and at the same time long-term effect; minimal spectrum of adverse effects at the occasional and short administrations, good spectrum of safety and tolerability in children. The advantages of this medicinal product have been shown by international multicenter and randomized clinical trials. More than fifty years of experience in successful application of ibuprofen in broad clinical practice more than in 80 countries across the world as over-the-counter drug serves as case example of high efficacy and safety profile [7]. However, despite of widespread occurrence in world practice data about quantum-chemical properties and spatial structure of ibuprofen is absent in cited literature.
The objective of this study is to carry out of quantum-chemical researches of ibuprofen molecule.
MATERIALS AMD METHODS
Research of quantum chemical properties of ibuprofen was conducted using Quantitative Structure Activity Relationship (QSAR), method of molecular mechanic MM+ and semi empirical method PM3 [8-13]. All calculations were carried out using the Polak – Ribiere conjugate gradient algorithm.

During the research, the following parameters were studied: interatomic distance (Å), the angles between the bonds ((), atomic charges (a.u.), distribution of electron density of the outer-shell electrons, the total strain energy (kcal/mol), bonding energy (kcal/mol), electronic energy (kcal/mol), inter-nucleus interaction energy (kcal/mol), heat of formation (kcal/mol), localization and energy of highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) (eV), and absolute hardness ((, eV) [14].

The global hardness corresponds to the gap between the HOMO and LUMO orbitals. The larger the HOMO-LUMO energy gap, the harder the molecule is. Absolute hardness of the ibuprofen molecule was determined by the equation 1.

( = ½ (Е LUMO – Е HOMO)


(1)


Ibuprofen is a derivative of phenylpropionic acid. The chemical formula is (RS)-2-(4-(2-methylpropyl)phenyl)propanoic acid.

RESULTS AND DISCUSSION

Molecular model of ibuprofen molecule was calculated based on geometrical optimization depicted in Figure 1; atoms numeration used in calculation of quantum chemical parameters is depicted in Figure 2.
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Figure 1. Structure of ibuprofen molecule – green color corresponds to carbon atoms, red - oxygen, grey - hydrogen.

Calculated charges for each atom in the ibuprofen molecule are presented in Figure 3. Distribution of electron density only for frontier valence electrons of ibuprofen molecule is given on the fig.4. The regions of high electron density reside on oxygen (-0,364; -0,316 a.u.) as well as on some carbon atoms. Electron density on carbon atoms not connected with oxygen atoms differs significantly: -0,210 a.u. or -0,208 a.u. for carbon atorm near methyl group. Carbon atoms of benzene ring have excess of electron density in the range from -0,131 to -0,059 a.u. Hydrogen atoms have positive charge (from 0,227 to 0,071 a.u.). 
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Figure 2. Atom numeration of ibuprofen molecule used in calculation of quantum chemical parameters.
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Figure 3. Atom charges in ibuprofen molecule.
Dipole moment of a molecule represents a sum of dipole moments of each chemical bond and having the directionality from the center of negative charges to the center of positive charges. It characterizes the asymmetry of charge distribution in electroneutral system. Dipole moment quantitatively determines a static polarization of particle. Its value is a measure that defines the activity of chemical interaction. 

We calculated total dipole moment of ibuprofen molecule: 1,742 D. The distances at axes are Х = -0.25140 Å, Y = 1,69521 Å, Z = -0,31302 Å. 

The distribution of electron density of outer valence electrons of the ibuprofen is shown in Figure 4. The highest electron density is observed on some carbon atoms (C9, C10 C12). C13 (charge +0,313) is a potential electrophile and can react with nucleophiliс reagents. Hydrogen atoms directly connected with oxygen are capable to form hydrogen bonds with electroneutral atoms of other molecules (for example, with oxygen and nitrogen of aminoacids in the place of bonding with receptors). 

[image: image4.png]



[image: image5.png]



Figure 4. Distribution of electron density of outer valence electrons in the ibuprofen molecule

The reactivity of the molecule is characterized by thevalues and localization of HOMO and LUMO (H. Fukui theory) [15]. Table 1 shows some energetic properties of the ibuprofen molecule (numerical values of frontier orbitals’ energy). Localization of electron density of HOMO and LUMO depicted in Fig. 5 (a, b).

Table 1

Energetic properties of the ibuprofen molecule
	Parametes
	Values

	Total energy, kcal/mol
	-58911.621

	Binding energy (kcal/mol)
	-3382.208908

	Electronic energy (kcal/mol)
	-351145.6213

	Nuclear energy (kcal/mol)
	292234.,0003

	HOMO (eV)
	-9.40034

	LUMO (eV)
	0.2070536

	Hardness () (eV)
	4.8036968



HOMO characterizes the molecule ability to interact with electron acceptors, LUMO – with electron donors. According to the Koopmans’ theorem, energies of boundaries surfaces correspond to the ionization energy (HOMO energy) and electron affinity (LUMO energy).
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Figure 5a. Localization of HOMO in the molecule
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Figure 5b. Localization of LUMO in the molecule

The frontier orbitals (LOMO and HOMO) are delocalized in the ibuprofen molecule.

Performed calculations of the electron energy levels of the orbitals allowed to quantify the values of the HOMO and LUMO energies, which are -9.40034 and 0.2070536 eV, respectively. Strength of the obtained complex can be estimated by the comparison of these values with the corresponding values of molecule-ligand. Having regard to the above and using values obtained for HOMO and LUMO, the absolute hardness of ibuprofen can be estimated (see table 1). 

By the comparison of hardness value (() of other hard molecules (BF3 – 7,8 eV, HCL – 8,0 eV) and soft molecules (CH3I – 4,7 eV, С6Н6 – 5,2 eV) we can conclude that the studied ibuprofen molecule can be considered as a soft reagent. Thus, ibuprofen most actively will react with soft reagents [15].

CONCLUSIONS

The quantum-chemical properties of ibuprofen molecule have been studied. Main geometrical and energetic parameters have been established for ibuprofen molecule. 

It was shown that in ibuprofen molecule negative electrostatic potential is on oxygen atoms. According to energy values for HOMO and LUMO, and the absolute hardness value of ibuprofen molecule it is a soft reagent.

In general, theoretical results are in complete agreement with observed experimental reactivity.
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