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ABSTRACT 

 
Molecular geometry, electronic structure, effect of the substitution and structure/ Property / activity 

relationships for pyrazole derivatives, have been studied by molecular mechanics, PM3, DFT and QSAR 
methods. In the present work, calculated values, namely net charges, MESP contours/surfaces has also been 
drawn to explain the electronic activity of pyrazoles, bond lengths, electron-affinities, drug-likeness, LipE and 
QSAR properties, are reported and discussed in terms of the biological activity of pyrazole derivatives. 
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INTRODUCTION 
 

The idea that the physiological effects of a substance depend on its chemical composition and 
structure was first formulated more than a hundred years ago [1]. Today this approach is widely used in 
biochemical, pharmaceutical and other fields of science where predicting properties of chemical compounds is 
necessary. The popularity of this approach is based on the now obvious statement that the biological or 
physicochemical activity of the compound is a function of its structure, represented by a set of directly 
measurable or computable parameters [2-6].Heterocyclic compounds hold a special place among the major 
pharmaceutical natural products and synthetic drugs having different biological activities[7].Pyrazole 
derivatives are the subject of many research studies due to their widespread potential biological activities such 
as antimicrobial [8], antiviral [9], antitumor [10,11], antihistaminic [12], antidepressant [13], insecticides and 
fungicides [14]. 

 
A successful drug that passes the hurdles of clinical trials to gain approval and a strong market 

position must exhibit a delicate balance of biological and physicochemical properties [15,16]. 
 
A representative set of pyrazole derivatives was chosen from the series tested on 2011 for aVGFR-2 

activity [17]. Multi-parameter optimization (MPO) is used to select high quality compounds and describe the 
range of methods that have been employed in drug design, including; simple ‘rules of thumb’ such as Lipinski’s 
rule [18-21]. 

 
This method hasbeen applied to predicted and experimental data to reduce attrition and improve the 

productivity of the drugdesignprocess [22]. 
 

MATERIALS AND METHODS 
 

All calculations were performed by using HyperChem 8.0.6 software [23], Gaussian 09 program 
package [24] and Molinspiration online database [25].The geometries of pyrazoles and their methyl, cyanide 
derivatives were fully optimized by, MP3 and DFT/B3LYP with 6-31++G(d,p) basis by Gaussian 09 program 
package. The calculation of QSAR properties is performed by the module QSAR Properties, (version 8.0.6). 
QSAR Properties is a module, that together with HyperChem, allows several properties commonly used in 
QSAR studies to be calculated. Molinspiration, web based software was used to obtain parameter such as 
TPSA, HBA, HBD, nrotb and drug likeness. 

 
RESULTS AND DISCUSSION 

 
Geometric and Electronic Structure of pyrazole: 
 

The optimized geometrical parameters of pyrazole (Figure 1) are obtained using DFT/B3LYP method, 
listed in [Table 1] with the experimental results [26-27] which areapproximately similar to the theoretical 
results, regarding bond length and valence angle values. The theoretical dihedral angle values calculated by 
DFT method and basis are practically equal to zero degree which explain that the geometry of pyrazoles 
planar, which make this conformation more stable. 

 

 

Figure 1: 3D structure of pyrazole 
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Table 1. Bond lengths and valence angles of pyrazole at DFT/B3LYP level. 

 Parameters Exp. 6-31+ (d,p) 6-31++(d,p) 6-311++ (d,p) cc-pVTZ 

Bond length 
(angstrom) 

N1-N2 1.351 1.351 1.350 1.348 1.344 

N1-C5 1.332 1.334 1.333 1.330 1.327 

C4-C5 1.417 1.416 1.416 1.414 1.410 

C3-C4 1.374 1.383 1.383 1.380 1.376 

C3-N2 1.360 1.360 1.360 1.358 1.354 

N2-H 1.002 1.008 1.008 1.007 1.004 

C5-H 1.083 1.081 1.081 1.080 1.077 

C4-H 1.080 1.080 1.079 1.078 1.075 

C3-H 1.082 1.080 1.080 1.078 1.076 

Valence angle 
(degree) 

 

C3-N2-N1 113.0 113.2 113.2 113.1 113.1 

C4-C3-N2 106.4 106.2 106.2 106.1 106.2 

C5-C4-C3 104.5 104.5 104.5 104.6 104.5 

N2-N1-C5 104.1 104.2 104.2 104.3 104.2 

H-N2-N1 118.4 118.2 118.9 119.0 119.1 

H-C3-N2 121.4 121.2 121.9 122.0 122.0 

H-C4-C3 127.6 127.3 127.3 127.3 127.3 

H-C4-C5 128.8 128.2 128.2 128.1 128.2 

 
Mulliken population analysis and natural population analysis of pyrazole: 
 

The effective atomic charges calculation which depicts the charges of the every atom in the molecule 
distribution of positive and negative charges are vital to increase or decrease in bond length between the 
atoms. Atomic charges, dipole moment, molecular polarizability, electronic structure, acidity–basicity behavior 
and lot of properties of molecular system and electrostatic potential surfaces [28-31]. 
 

The total atomic charges of the Mulliken population analysis and the natural population analysis 
(NPA) are listed in [Table 2]. 

 
Mulliken population analysis and NPA are obtained from optimized geometryand NBO [32] results, 

respectively. The two methods predict the same tendencies except for C4 atom (figure 2). 
 

 

Figure 2: Mulliken and Natural charges of pyrazole 

 
Molecular Electrostatic Potential (MEP) surface of pyrazole: 
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Table 2: Calculated net charges by Mulliken population method and natural population analysis (NPA). 

atoms B3LYP/6-31++G(d,p) 
Mulliken charges 

B3LYP/6-31++G (d,p) 
(NPA) Natural charges 

N 1 -0.187 -0.299 

N2 -0.173 -0.376 

C3 -0.227 -0.604 

C4 0.067 -0.360 

C5 -0.209 -0.065 
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The molecular electrostatic potential MESP surface which is a plot of electrostatic potential mapped 

onto the iso-electron density surface [33], the importance of the MESP lies in the fact that it simultaneously 
displays the molecular size and shape as well as positive, negative and neutral electrostatic potential regions in 
terms of the electrostatic surface, which explain the investigation of the molecular structure with its 
physiochemical property relationships [34,35]. The MESP surface map and contour map of pyrazole (Figure 3) 
show one region characterized by red color (negative electrostatic potential) around one cyclic nitrogen atom 
(N1) which explain the ability for an electrophilic attack on this position, also by blue color (positive 
electrostatic potential) around the four hydrogen atoms which explain that these regions are susceptible for a 
nucleophilic attack.  

 
Finally for the green color located between the red and blue regions explain the neutral electrostatic 

potential surface. 
 

  

-6.003e
-2

 6.003 e
-2

 

 

Figure 3: 3D MESP surface map and 2D MESP contour map for pyrazole 

 

The variation in electrostatic potential produced by a molecule is largely responsible for binding of a 
drug to its active sites (receptor), as the binding site in general is expected to have opposite areas of 
electrostatic potential [36]. 
 
The Substitution Effect on Pyrazole Structure: 
 

The Frontier orbitals, highest occupied molecular orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO) are important factors in quantum chemistry [37] as these determine the way the molecule 
interacts with other species. The frontier orbital gap helps characterize the chemical reactivity and kinetic 
stability of the molecule. A molecule with a small frontier orbital gap is more polarizable and is generally 
associated with a high chemical reactivity, low kinetic stability and is also termed as soft molecule [38]. 

 
For understanding various aspects of pharmacological sciences including drug design and the possible 

eco-toxicological characteristics of the drug molecules, several new chemical reactivity descriptors have been 
proposed. Conceptual DFT based descriptors have helped in many ways to understand the structure of the 
molecules and their reactivity by calculating the chemical potential, global hardness and electrophilicity. Using 
HOMO and LUMO orbital energies, the ionization energy and electron affinity can be expressed as: I= -EHOMO, 
A= -ELUMO, η= (-EHOMO + ELUMO)/2 and µ = (EHOMO+ELUMO)/2 [39]. Parr et al, [40] proposed the global 
electrophilicity power of a ligand as ω= µ2/2η.  

 
This index measures the stabilization in energy when the system acquired an additional electronic 

charge from the environment. Electrophilicity encompasses both the ability of an electrophile to acquire 
additional electronic charge and the resistance of the system to exchange electronic charge with the 
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environment. It contains information about both electron transfer (chemical potential) and stability (hardness) 
and is a better descriptor of global chemical reactivity. The hardness η and chemical potential µ are given by 
the following relations: η = (I-A)/2 and µ =-(I+A)/2, where I and A are the first ionization potential and electron 
affinity of the chemical species [41]. 

 
The calculated values of (methyl, Cyanide) substituted Pyrazole (Figure 4) are given in [Table 3]. 
 

 

Figure 4: pyrazole systems 

In [Table 3] has been seen by calculating the effect of a substituent donor (CH3) and a substituent 
acceptor (CN).  
 

We note from the [Table 3] that the compound 11 (1,4,5-trimethyl-4,5-dihydro-1H-pyrazole) and 
compound 15 (1,3,4,5-tetramethyl-4,5-dihydro-1H-pyrazole ) have smaller HOMO - LUMO energy gap (5.17 ev) 
than others, thus, these compounds are the most reactive. We can note also that compound 15 has higher 
ionization energy (l) (9.25ev), higher electron affinity (A) (4.08ev), smaller global hardness (η) (2.58ev), higher 
global softness (S) (0.19ev), and higher global electrophilicity index (Ω) (8.60ev) thus, compound 15 is a strong 
electrophile than others compounds. And we can see that all values of chemical potential of all compounds are 
negative and it means that the compounds are stable. 
 

In the same way, the high value of chemical potential (3.13ev) and low value of electrophilicity index 
(1.71ev) for compound B15 favor its nucleophilicbehavior. 
 
 It can be seen from the plots of compound A15 that the HOMO levels are spread over the entire 
molecule expect the carbone of cyanide and all positive and negative phase are distributed symmetrical. The 
LUMO is almost distributed over the molecule without cyanide group, and all positive and negative phase are 
distributed symmetrically but the LUMO reflects a lot of antibondingπ* character as compared to HOMO. 
 
 While, for compound A11 the HOMO levels are spread over the entire molecule expect the carbone of 
cyanide and all positive and negative phase are distributed symmetrical.  
 
 The LUMO is almost distributed over the molecule without CH group of pyrazole cycle, and all positive 
and negative phase are distributed symmetrically but the HOMO reflects a lot of antibondingπ* character as 
compared to LUMO. 
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Table 3. Calculated EHOMO, ELUMO, energy band gap (∆E), ionization energy (l), electronaffinity(A), global hardness (η), global softness (S) and global electrophilicity index (Ω) 
 

Comp. Systems EHOMO (ev) 
ELUMO 

(ev) 
∆E 

(ev) 
µ (D) 

I 
(ev) 

A 
(ev) 

S 
(ev

-1
) 

µ 
(ev) 

η 
(ev) 

Ω 
(ev) 

P 4,5-dihydro-1H-pyrazole -7.08 -0.27 6.80 2.40 7.08 0.27 0.15 -3.67 3.40 1.98 

A1 1-methyl-4,5-dihydro-1H-pyrazole -7.89 -1.63 6.26 2.51 7.89 1.63 0.16 -4.76 3.13 3.62 

A2 5-methyl-4,5-dihydro-1H-pyrazole -7.62 -1.63 5.99 2.95 7.62 1.63 0.17 -4.63 2.99 3.57 

A3 4-methyl-4,5-dihydro-1H-pyrazole -7.62 -1.09 6.53 2.5 7.62 1.09 0.15 -4.35 3.26 2.90 

A4 3-methyl-4,5-dihydro-1H-pyrazole -7.89 -1.36 6.53 2.00 7.89 1.36 0.15 -4.63 3.26 3.28 

A5 1,5-dimethyl-4,5-dihydro-1H-pyrazole -8.44 -2.99 5.44 2.98 8.46 2.99 0.18 -5.71 2.72 6.00 

A6 1,4-dimethyl-4,5-dihydro-1H-pyrazole -8.44 -2.45 5.99 2.53 8.44 2.45 0.17 -5.44 2.99 4.95 

A7 1,3-dimethyl-4,5-dihydro-1H-pyrazole -8.44 -2.45 5.99 2.10 8.44 2.45 0.17 -5.44 2.99 4.95 

A8 4,5-dimethyl-4,5-dihydro-1H-pyrazole -8.16 -2.72 5.44 2.98 8.16 2.72 0.18 -5.44 2.72 5.44 

A9 3,5-dimethyl-4,5-dihydro-1H-pyrazole -8.44 -2.45 5.99 2.58 8.44 2.45 0.17 -5.44 2.99 4.95 

A10 3,4-dimethyl-4,5-dihydro-1H-pyrazole -8.16 -1.90 6.26 2.11 8.16 1.90 0.16 -5.03 3.13 4.05 

A11 1,4,5-trimethyl-4,5-dihydro-1H-pyrazole -8.98 -3.81 5.17 2.88 8.98 3.81 0.19 -6.39 2.58 7.91 

A12 3,4,5-trimethyl-4,5-dihydro-1H-pyrazole -8.71 -3.27 5.44 2.58 8.71 3.26 0.18 -5.99 2.72 6.58 

A13 1,3,4-trimethyl-4,5-dihydro-1H-pyrazole -8.98 -3.27 5.71 2.05 8.98 3.26 0.17 -6.12 2.86 6.56 

A14 1,3,5-trimethyl-4,5-dihydro-1H-pyrazole -8.98 -3.54 5.44 2.54 8.98 3.54 0.18 -6.26 2.72 7.20 

A15 1,3,4,5-tetramethyl-4,5-dihydro-1H-pyrazole -9.25 -4.08 5.17 2.52 9.25 4.08 0.19 -6.67 2.58 8.60 

B1 4,5-dihydro-1H-pyrazole-1-carbonitrile -6.80 -0.27 6.53 4.82 6.80 0.27 0.15 -3.54 3.26 1.92 

B2 4,5-dihydro-1H-pyrazole-5-carbonitrile -6.53 -0.54 5.99 2.14 6.53 0.54 0.17 -3.54 2.99 2.09 

B3 4,5-dihydro-1H-pyrazole-4-carbonitrile -6.53 -0.27 6.26 4.76 6.53 0.27 0.16 -3.40 3.13 1.85 

B4 4,5-dihydro-1H-pyrazole-3-carbonitrile -6.80 -0.27 6.53 6.66 6.80 0.27 0.15 -3.54 3.26 1.92 

B5 4,5-dihydro-1H-pyrazole-1,5-dicarbonitrile -6.53 -0.27 6.26 5.46 6.53 0.27 0.16 -3.40 3.13 1.85 

B6 4,5-dihydro-1H-pyrazole-1,4-dicarbonitrile -6.53 -0.27 6.26 0.22 6.53 0.27 0.16 -3.40 3.13 1.85 

B7 4,5-dihydro-1H-pyrazole-1,3-dicarbonitrile -6.53 -0.27 6.26 4.97 6.53 0.27 0.16 -3.40 3.13 1.85 

B8 4,5-dihydro-1H-pyrazole-4,5-dicarbonitrile -6.26 -0.54 5.71 4.67 6.26 0.54 0.17 -3.40 2.86 2.02 

B9 4,5-dihydro-1H-pyrazole-3,5-dicarbonitrile -6.53 -0.27 6.26 2.56 6.53 0.27 0.16 -3.40 3.13 1.85 

B10 4,5-dihydro-1H-pyrazole-3,4-dicarbonitrile -6.53 -0.27 6.26 7.85 6.53 0.27 0.16 -3.40 3.13 1.85 

B11 4,5-dihydro-1H-pyrazole-1,4,5-tricarbonitrile -6.26 -0.54 5.71 3.44 6.26 0.54 0.17 -3.40 2.86 2.02 

B12 4,5-dihydro-1H-pyrazole-3,4,5-tricarbonitrile -6.26 -0.27 5.99 5.45 6.26 0.27 0.17 -3.26 2.99 1.78 

B13 4,5-dihydro-1H-pyrazole-1,3,4-tricarbonitrile -6.26 -0.27 5.99 3.61 6.26 0.27 0.17 -3.26 2.99 1.78 

B14 4,5-dihydro-1H-pyrazole-1,3,5-tricarbonitrile -6.53 -0.54 5.99 2.37 6.53 0.54 0.17 -3.54 2.99 2.09 

B15 4,5-dihydro-1H-pyrazole-1,3,4,5-tetracarbonitrile -5.99 -0.27 5.71 1.29 5.99 0.27 0.17 -3.13 2.86 1.71 

∆E= EHOMO- ELUMO 
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The low value of chemical potential (-6.67ev) and high value of electrophilicity index (8.60eV) for 
compound A15 favor its electrophilic behavior. 
 

 EHOMO           
= - 8.98eV 

 EHOMO          
= - 9.25eV 

 ∆EHOMO-LUMO 

= 5.17 eV 

 ∆EHOMO-LUMO 
= 5.17 eV 

 

ELUMO 
= - 3.81eV 

 

ELUMO 
= - 4.08eV 

Figure 5: Schematic drawings of the HOMO and LUMO 

of compound A11 

Figure 6: Schematic drawings of the HOMO and LUMO of 

compound A15 

 
Study of Structure-Activity/Property Relationships forpyrazole Derivatives: 
 

An important objective for this project was to evaluate the physicochemical domain of the fifteen 
pyrazole derivatives (Figure 8) reported in literature has a biological activity [42]. Some of physicochemical 
properties were calculated using HyperChem 8.03 software like (Surface Area, Volume, Polazability, Refractivity 
and Hydratation Energy) and others were calculated using Molinspiration online database (HBA, HBD, TPSA and 
nrotb) For example, (Figure 7) shows the favored conformation in 3D of the compound 2. We will continue this 
work in the future by a quantitative calculation. 

 
Molecular volume determines transport characteristics of molecules, such as intestinal absorption or 

blood-brain barrier penetration. Volume is therefore often used in QSAR studies to model molecular properties 
and biological activity. 
 

The molar refractivity is a steric parameter that is dependent on the spatial array of the aromatic ring 
in the synthesized compounds. The spatial arrangement also is necessary to study the interaction of the ligand 
with the receptor [43]. Molar refractivity is related, not only to the volume of the molecules but also to the 
London dispersive forces that act in the drug receptor interaction. 

 
Molecular Polarizability of a molecule characterizes the capability of its electronic system to be 

distorted by the external field, and it plays an important role in modeling many molecular properties and 
biological activities [44]. Solvent-accessible surface bounded molecular volume and van der Waals surface 
bounded molecular volume calculations are based on a grid method derived by Bodor et al.[45],using the 
atomic radii of Gavezotti[46].  
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Hydration energy is a key factor determining the stability of different molecular conformations in 
water solutions [47]. The calculation is based on exposed surface area as computed by the approximate 
method (above), weighted by atom type. 
 

Total polar surface area (TPSA) is a very useful parameter for prediction of drug transport properties. 
Polar surface area is defined as a sum of surfaces of polar atoms (usually oxygens, nitrogens and attached 
hydrogens) in a molecule. This parameter has been shown to correlate very well with the human intestinal 
absorption, Caco-2 monolayer’s permeability, and blood-brain barrier penetration [48].Molecules with PSA 
values of 140 A

0
 or more are expected to exhibit poor intestinal absorption [49]TPSA was used to calculate the 

percentage of absorption (%ABS) according to the equation: %ABS = 109 ± 0.345×TPSA, as reported [38]. 
Number of rotatable bonds (nrotb) is a simple topological parameter that measures molecular flexibility and is 
considered to be a good descriptor of oral bioavailability of drugs [50]. Rotatable bond is defined as any single 
non-ring bond, bounded to nonterminal heavy (i.e., non-hydrogen) atom. Amide C-N bonds are not considered 
because of their high rotational energy barrier. 

 
Figure 7: 3D Conformation of compound 2 (HyperChem 8.03) 

 

Structure Property Relationships 

 

 

Figure 8: Structural comparison of the pyrazole derivatives 
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Polarizability values are generally proportional to the values of surfaces and of volumes, the 
decreasing order of polarizability for these studied pyrazolederivatives is: 1 >14 >4 >10>2> 7 > 5 > 6 > 9 > 15 > 3 
> 8 > 12 > 13 >11 [Table 4].  

 
The order of polarizability is approximately the same one for volume and surface. This also is explained 

by the relation between polarizability and volume, for the relativity non polar molecules. They are directly 
linked, for the centers of gravity of negative and positive charges in the absence of external fields to coincide, 
and the dipole moment of the molecule is zero. For these pyrazole derivatives, surfaces vary from 499.85Å

2
 to 

619.27 Å
2
. Thesepyrazolederivatives have a great variation of distribution volume, in particular compound 1 

and compound 14 which have respective volumes: 1059.49 and 1026.54 Å
3 

[Table 4]. 
 

The most important hydration energy in the absolute value, is that of the compound 6(14.50kcal/mol) and the 
weakest is that of compound 14 (5.20 kcal/mol) [Table 4].Indeed, in the biological environments the polar 
molecules are surrounded by water molecules. They are established hydrogen bonds between a water 
molecule and these molecules. The donor sites of the proton interact with the oxygen atom of water and the 
acceptor sites of the proton interact with the hydrogen atom (Figure 9). 
 

The first corresponds to the complex with the strongest hydrogen bond. These hydrated molecules are 
dehydrated at least partially before and at the time of their interaction. These interactions of weak energy, 
which we observe in particular between messengers and receivers, are generally reversible [51]. 

 

  
Figure 9: Donor and acceptor sites of compound 6 & compound 14 

 
TPSA of pyrazole derivatives were found in the range of 30.72 - 102.56 and is well below the 140 Å 

2
, 

and we can be observed obviously that all the title compounds (1–15) exhibited a great %ABS ranging from 
73.62 % to 98,40%, indicating that these compounds should have good cellular plasmatic membrane 
permeability [Table 4]. 

 
All the screened compounds were flexible, especially, compound 10 which has 5 rotatable bonds. 
 

Table 4. QSAR proprieties for pyrazole derivatives 

Compounds 
Surface 
Area A°

2
 

Volume 
A°

3
 

HE 
Kcal/mol 

Refractivity 
A°

3
 

Polazability 
A°

3
 

nrotb TPSA %ABS 

1 619.27 1059.49 -7.20 120.93 42.91 3 56.74 89,42 

2 581.58 982.53 -8.34 111.49 39.06 3 56.74 89,42 

3 556.92 939.80 -8.69 106.78 37.13 3 56.74 89,42 

4 601.46 1016.69 -10.35 113.15 39.60 4 65.97 86,24 

5 588.80 991.42 -7.49 111.06 38.96 3 56.74 89,42 

6 594.35 1000.07 -14.50 113.00 38.84 4 102.56 73,62 

7 594.30 996.21 -12.84 111.76 38.98 3 80.53 81,22 

8 554.23 924.85 -11.84 100.10 36.62 3 99.83 74,56 

9 601.98 1016.46 -8.06 111.99 38.69 2 56.74 89,42 

10 610.20 1026.40 -6.88 107.80 39.57 5 83.05 80,35 

11 499.85 815.26 -13.02 85.96 30.83 3 99.83 74,56 

12 547.66 915.94 -10.06 98.28 35.90 4 94.04 76,56 

13 519.73 851.35 -8.24 92.21 33.34 2 56.74 89,42 

14 606.63 1026.54 -5.20 117.94 41.56 3 30.72 98,40 

15 591.15 991.08 -5.77 109.00 37.34 4 30.72 98,40 

http://www.molinspiration.com/services/psa.html
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Calculation of drug-likeness properties and lipophilic efficiency (LipE): 
 

Structures of all the selected pyrazole derivatives (Figure 8) were drawn by using ACD labs Chemsketch 
v12.0 and their SMILES notations were generated. Smiles notations of the selected compounds were fed in the 
online Molinspiration software version (www.molinspiration.com) for calculation of molecular properties 
(number of hydrogen bond donors and acceptors, TPSA and nrotb) [Table 4]. 

 
Drug-likeness appears as a promising paradigm to encode the balance among the molecular properties 

of a compound that influences its pharmacodynamics and pharmacokinetics and ultimately optimizes their 
absorption, distribution, metabolism and excretion (ADME) in human body like a drug [52]. These parameters 
allow to ascertaining oral absorption or membrane permeability that occurs when the evaluated molecule 
follows Lipinski’s rule of five [molecular weight (MW) ≤ 500 Da, logP ≤ 5, H-bond donors (HBD) ≤ 5 and H-bond 
acceptors (HBA) ≤ 10]. Molecules violating more than one of these parameters may have problems with 
bioavailability and high probability of failure to display drug-likeness [53,54]. 

 
However, there are some exceptions to this rule and a compound is likely to be orally active as long as 

it did not break more than one of his rules because some of orally active drugs such as atorvastatin, cyclosporin 
do not obey the rule of five. 

 
Octanol/water partition coefficient (LogP) are widely used to make estimation for membrane 

penetration and permeability, includinggastrointestinal absorption [55,56], blood–brain barrier (BBB) crossing, 
[57,58] and correlations to pharmacokinetic properties [59].Log P values of pyrazole derivatives were found to 
be in the range of (-1.46) –(1.29). 
 

Compound 8 is expected to have the highest hydrophilicity because its log P value, whereas compound 
number 15 and 9 will be the most lipophilic. This implies that these compounds will have poor permeability 
across cell membrane. Some structural modifications should be carried out to improve their oral absorption, 
bioavailability and permeability.  
Low molecular weight drug molecules (<500) are easily transported, diffuse and absorbed as compared to 
heavy molecules.  
 

Number of hydrogen bond acceptors (O and N atoms) and number of hydrogen bond donors (NH and 
OH). These quantities have been shown to be critical in a drug development setting as they influence 
absorption and permeation [60] in the tested compounds were found to be within Lipinski’s limit i.e. less than 
10 and 5 respectively. The calculation results show that all compounds meet the Lipinski rules of the five, 
suggesting that these compounds theoretically would not have problems with oral bioavailability. 

 
Table 5: lipophilic efficiency and  Lipinski’s rule of five for drug likeliness of pyrazole derivatives 

Compounds pIC50 LipE Log P MW nON nOHNH n/violations 

1 7.47 7,45 0.02 433.70 4 2 0 

2 5.62 5,15 0.47 364.81 4 2 0 

3 5.92 5,23 0.69 330.36 4 2 0 

4 5.72 6,02 -0.30 360.39 5 2 0 

5 5.85 5,01 0.84 344.39 4 2 0 

6 5.58 5,71 -0.12 375.36 7 2 0 

7 5.88 5,48 0.41 355.37 5 2 0 

8 5.62 7,08 -1.46 382.64 6 4 0 

9 4.51 3,25 1.26 398.36 4 2 0 

10 4.00 4,22 -0.22 411.67 6 2 0 

11 4.32 5,12 -0.80 279.30 6 4 0 

12 4.37 4,97 -0.60 383.62 6 3 0 

13 4.06 4,17 -0.11 339.61 4 2 0 

14 6.68 6,63 0.05 418.68 3 0 0 

15 4.57 3,28 1.29 383.35 3 0 0 
a
PIC50= -log IC50 , IC50 Anticancer activities 

b
LipE = pIC50 – cLogP, 

c 
calculated by HyperChem program 
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LipE is an imperative parameter to normalize potency relative to lipophilicity.LipE is used to compare 

compounds of different potencies (pIC50) and lipophilicities (LogP). For a given compound lipophilic efficiency 
is defined as the pIC50 (or pEC50) of interest minus the Log P of the compound [61,62]. 

 
Although in vitro potency and lipophilicity of compounds are important parameters to evaluate, the 

concept of Lipophilic Efficiency (LipE) aids in establishing a more balanced relationship between the potency 
observed in vitro and lipophilicity properties of evaluated chemical compounds [63].Ryckmanset al.[64] 
reported that high quality lead compounds possess higher LipE values. We can see through the results in   
[table 5] that compound 1 had the highest LipE value (7,45) of the data set and was deemed to be the most 
optimal compound. 
 

CONCLUSION 
 

The present work studied the molecular proprieties of pyrazole. The PM3 andDFT methods can be 
used quite satisfactorily in predicting the chemical reactivity of the molecules and the effect of substitution of 
either donor or acceptor electron.  

 
The compound A11 and A15 have smaller HOMO- LUMO energy gap than others, thus, this compound 

is the most reactive, and also compound 15 has higher ionization energy (l), higher electron affinity (A), smaller 
global hardness (η), higher global softness (S), and higher global electrophilicity index (Ω) thus, compound 15 is 
a strong electrophile than others compounds. 

 
Also, it has smallest HOMO- LUMO energy gap which facilitates intramolecular charge transfer (ICT). 

The pyrazole derivatives exhibited a great %ABS, which indicating that these compounds should have good 
cellular plasmatic membrane permeability. And, all these derivatives were flexible, especially, compound10 
which have 5 rotatable bonds.  

All compounds meet the Lipinski rules of the five, suggesting that these compounds theoretically 
would not have problems with oral bioavailability. The compound 1 had the highest LipE value of the data set 
and was deemed to be the most optimal compound. 
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