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ABSTRACT 
Semi empirical PM3 calculations were performed upon the inclusion com-

plexation of β-CD with two different pyrazoline derivatives. The negative 

∆G and ∆H for the inclusion complexes indicated that the formation of these 

complexes is exothermic and spontaneous. H-bonding interactions plays a 

major role in the CMD1:βCD inclusion process. The theoretical results indi-

cated that the formation of both the inclusion complexes were enthalpy driv-

en process. 
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1. INTRODUCTION  

The synthesis of heterocyclic molecules has wide scope 

of attentions due to prevalent utility in many biological 

and medicinal applications. Since their heterocyclic 

skeleton occur in several natural products, as well as 

many alkaloids, hormones, vitamins, antibiotics, phar-

maceuticals, agro based chemicals, dye stuffs [1], etc., 

in addition to that the naturally occurring compounds, 

enormous synthetic heterocycles with significant prop-

erties are also recognized [2]. Such type of heterocyclic 

derivatives afford prospective pharmacophores, which 

may assemble to supply the high efficient drugs [3]. 

Similarly these types of available heterocyclic moieties 

possess good solubility for oral captivation and also bio-

compatibility [4]. In accordance to the presence of me-

dicinal properties of the pyrazole moiety, possess some 

of the therapeutic activities such as anti-inflammatory, 

antibacterial, antidepressant, anticancer, anti-

tuberculosis, antifungal, antioxidant, as well as antiviral 

agents etc. 

 

Cyclodextrins (CDs) are macrocyclic oligosaccharides 

made up of six to twelve glucopyranose units linked in a 

bucket-shaped structure [5]. They shows hydrophobic 

cavity surrounded by two rims, a wide and a narrow 

one, composed of primary and secondary hydroxyl 

groups. By advantage of this arrangement, CDs are able 

to produce inclusion complexes with a wide variety of 

hydrophobic organic compounds in aqueous solution. 

The driving forces leading to complexation are plentiful, 

varying from hydrophobic to van der Waals and to di-

pole–dipole interactions [6,7]. Since CDs and their com-

plexes are widely used in synthesis and pharmaceutical 

sciences, there is currently a great deal of interest in the 

computational study of their addition complexes. 

 

Because of the experimental limitations, the geometric 

details and the interactions that stabilize the molecular 

architecture of pyrazoline derivatives/β-CD inclusion 

compounds are still poorly understood. For this reason 

the present study theoretically investigates the interac-

tion between one of the pyrazoline derivative and β-CD 

molecules by means of PM3 semi-empirical quantum-

mechanical calculations, to examine in detail the inser-

tion pathways and to determine the intimate configura-

tions of the inclusion complexes. Bearing in mind that 

the CD inner cavity cannot fully include the guest mole-

cule, the aim of this work is to identify the part of the 

molecular cavity that is more suitable for complexation 

with the pyrazoline derivatives. This study can be useful 

to predict which of the hydroxyl groups of CDs can be 

chemically altered in order to avoid the shielding of the 

cavity during the inclusion process, and, as a conse-

quence, to enhance the systemic pharmacokinetics and 

bioavailability of the inclusion complexes. 

 

2. THEORETICAL METHODS 

The theoretical calculations were performed with 

Gaussian 03W. The initial geometry of the selected drug 

molecules (Fig 1) and β-CD were constructed with 

Sparton 08 and then optimized by PM3. β-CD was fully 

optimized by PM3 without any symmetry constraint.  

Fig 1. The optimized structure of four different selected drug molecules. 
a) 1,3-diphenyl-5-(3,4,5-trimethoxyphenyl)-4,5-dihydro-1H-pyrazole (CMD1) 
b) 3-phenyl-1-(p-tolyl)-5-(3,4,5-trimethoxyphenyl)-4,5-dihydro-1H-pyrazole (CMD2)  
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The inclusion process was simulated by putting the 

guest in one end of β-CD and then letting 

it undergo to its cavity. Since the semi-empirical 

PM3 method proved that to be a 

strong device within the conformational study of 

cyclodextrin complexes and has high computation-

al efficiency in calculating the CDs systems [8–15], 

it was selected to study the inclusion process of β-

CD with selected drug molecule in this paper. 

 

HOMO as ionization energy (IE) and LUMO as 

electron affinity (EA) were used for calculating the 

electronic chemical potential (μ) which is half of 

the energy of the HOMO and LUMO: 

 

μ = (EHOMO + ELUMO) /2     (2.1) 

 

The hardness (η) as half of the gap energy between 

HOMO and LUMO was calculated using the fol-

lowing expression: 

 

Gap = EHOMO – ELUMO     (2.2) 

 

η = ELUMO – EHOMO /2     (2.3) 

 

The electrophilicity (ω) of the components were 

calculated in semiempirical method using the fol-

lowing equation: 

 

ω = μ2/2η      (2.4) 

 

3. RESULT AND DISCUSSION 

The energy, chemical potential, stability, dipole 

moment, hardness, electrophilicity, HOMO, LU-

MO, thermodynamic parameters (enthalpy, entro-

py, free energy), zero point vibrational energy and 

Mulliken charge of the guest [two different pyrazo-

line derivatives (Fig. 1)], host (β-CD) and inclusion 

complexes are summarized. From Fig .2, it shows 

that the guest molecules formed stable inclusion 

complexes with β-CD. Interestingly, it observed 

that the structure of the above drugs: β-CD inclu-

sion complexes were similar to each other.  

 

Fig 2.  Axial and equatorial views of low energy 

structures calculated for the complexes between β-

CD and drug molecules. 

Fig 3. The HOMO, LUMO energy structure of dif-

ferent drug molecules. 

 

The free energy, enthalpy and entropy for the inclu-

sion complexes were more negative than that of 

isolated drug and β-CD. The negative ΔG of the 

inclusion complexes suggest that the inclusion pro-

ceeded spontaneously at room temperature. The 

high negative ΔG value for CMD1: β-CD inclusion 

complex indicated that this inclusion process is 

more spontaneous than other complexes. 

 

4. CONCLUSIONS 

From the above study we find out that  

(i) the stability of the inclusion complexes were 

same, (ii) both drug molecules were partially en-

capsulated in to the β-CD cavity, (iii) the negative 

∆G and ∆H for the inclusion complexes indicated 
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that the formation of these complexes are sponta-

neous and weak exothermic, (iv) hydrogen bonding 

interactions played a major role in the CMD1:β-

CD inclusion process while hydrophobic interac-

tions were present in other inclusion complex.  
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