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Abstract  

The present study consists modeling the lipophilicity (logP) of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-chromen-8-yl)-3-thio-

1,2,4-triazole derivatives using distance-based topological indices & indicator parameter. The MLR analysis reveals that O-

atom, ZM1, HI and IDE are the best suitable parameters for modeling the lipophilicity of the compounds have been taken in 

present study. The obtained models are critically discussed on the basis of cross validation technique. 
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Introduction 

Quantitative  Structure - activity  relationship and Quantitative 

Structure - property relationship (QSAR/ QSPR) studies are 

useful tools in the rational search for bioactive molecules. QSPR 

models are mathematical equations which attempt to correlate 

chemical structure to a wide variety of physical, chemical and 

biological properties
1
. (QSPR/QSAR) represents an attempt to 

relate structural descriptors of molecules with their 

physicochemical properties and biological activities
2
. Today, 

QSARs are being applied in many disciplines with much 

emphasis on drug design
3
. The lipophilicity expressed by the 

logarithmic partition coefficient (logP) is a very important 

physicochemical parameter which explains a partitioning 

equilibrium of solute molecules between water and an 

immiscible partitioning solvent
4-6

. Lipophilicity is a 

physicochemical property of principal importance in drug 

discovery and development
7
. The aim of the present study is to 

use topological indices for predicting lipophilicity (logP) of a 

series of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-chromen-8-yl)-

3-thio-1,2,4-triazoles. The use of topological indices is an 

important stage in QSPR studies. In the present work indicator 

parameter and topological indices used in the modeling of 

lipophilicity are O-atom, ZM1 (First Zagreb index M1)
8
, HI 

(Harary index) 
9
 and IDE (mean information content on the 

distance equality information indices)
10

. The aim of this study is 

to develop a QSPR model to correlate the structural features of 

this class of compounds with their lipophilicity (logP) using 

topological indices. In the present QSPR study, the topological 

indices and structural indicator are used as structural descriptors 

for 21derivatives of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-

chromen-8-yl)-3-thio-1,2,4-triazoles 
11

 for modeling of 

lipophilicity.  

 

Material and Methods 

ClogP: The value of ClogP is calculated using chemdraw ultra 

11 for the set of 21 derivatives of triazole. 

 

Topological Indices: The topological indices ZM1, HI and IDE 

are used for modeling the lipophilicity. All the topological 

indices employed in the present study were calculated using 

hydrogen suppressed graph
12-14

 of the compounds used.  

 

Indicator Parameter: One indicator parameter has been used 

to understand the impact of electronegative atom on the 

lipophilicity of the compounds. Indicator parameter O-atom 

accounts for the number of oxygen atom in the molecule.  

 

Statistical Analysis: For the modeling of lipophilicity, we have 

used maximum R
2 

method
15

 in forward direction and finally 

obtained statistically significant models. The regression analysis 

was performed by SPSS software.  

 

Cross validation: Cross-validation parameters which have been 

estimated are given in table-3 and are described below. Cross-

validation correlation coefficient R
2

cv, indicates the performance 

of the model which is defined as: 

R��� = 1 − PRESSSSY  

 
PRESS (predicted residual errors sum of squares) is the sum of 

squared difference between actual (calculated) and the predicted 

when the compound is omitted from the fitting process. PRESS = ∑(Y��� − Y���.)2
 

 

Uncertainty of Prediction 

S����� = 	� PRESS(N − k − 1) 
 

The lower value of S press indicates better model.   

 

Predictive Square Error 

PSE = �PRESSN  
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The lower value of PSE indicates better model. 

 

Quality factor: Q = 	 ���� 

 

Higher value of quality factor (Q) indicates better predictivity of 

model. 

Sum of square of response values (SSY) SSY = ∑(Y��� − Y����)2
 

 

‘SSY’ suggests the overall predictive performance. 

 

Results and Discussion 

The topological indices ZM1, HI and IDE along with structural 

indicator (O-atom)
 

of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-

chromen-8-yl)-3-thio-1,2,4-triazole derivatives are given in 

table-1. The table also records the ClogP and the position of 

substituents (R) on the compound. 

 

The topological indices represent molecular structure in a 

numerical form. These are obtained by transforming molecular 

structure into its molecular graph via mathematical expression. 

Such transformation of molecular structure in to its graph is 

carried out by deleting all the carbon-hydrogen as well as 

heteroatom hydrogen bonds in the molecular structure. In 

Chemical Graph Theory, molecular structures are normally 

represented as hydrogen-suppressed graphs, whose vertex and 

edges act as atoms and covalent bonds, respectively
16

. For 

modeling of physico-chemical properties, biological activity and 

toxicity of organic compounds such topological indices have 

been used
17,18

. The correlation between the lipophilicity, 

topological indices and indicator is shown in table -2. 

 

Table 2 shows that a single topological index does not correlate 

with Clog P to yield statistically significant mono-parametric 

model is possible for modeling the lipophilicity (ClogP). Thus, 

it can be concluded that stepwise multivariate regression 

analysis is required to obtain the statistically significant model. 

The indices ZM1, HI, IDE and the indicator parameter, are the 

better parameters for modeling lipophilicity among all the 

topological indices used by us. We have used the 

recommendations made by Randic
19

 to justify the occurrence of 

highly correlated parameters in the proposed models. The 

results show that a bi-parametric regression model containing 

O-atom, ZM1
 
gave the best results. This model is given as 

below: 

Clog P = – 4.503 (±1.736) – 0.722 (±0.070)*O-atom + 0.071 

(±0.013)*ZM1
  

(1) 

R = 0.941, R
2
 = 0.885, R

2
adj = 0.872, SE= 0.1465, F= 69.243, 

K= 2 

 

Here, R is the correlation coefficient, R
2 

is the squared 

correlation coefficient, R
2

adj is the adjustable R
2
, SE is the 

standard error of estimation, F is the F-statics, K is the number 

of topological invariants used in the regression and the figures 

within the parenthesis are the standard error values of the 

coefficient.  

 

We found a tri parametric regression expression with improved 

statistics when HI parameter was added during the stepwise 

regression analysis. This model is given as below:  

Clog P = –2.961 (±1.613) – 0.665 (± 0.065)*O-atom +0.063 (± 

0. 011)*ZM1
 
– 0.008 (±0.003)*HI

     
               (2) 

R = 0.958, R
2
 = 0.918, R

2
adj = 0.904, SE= 0.1269, F= 63.807, 

K= 3 

 

Looking into such an excellent result further regression analysis 

was not needed. But, with a hope of better results, we have 

carried out many tetra-parametric regression analysis. When 

IDE is added to equation 2, great improvement was observed in 

the statistics, the resulted tetra- parametric model is given 

below: 

Clog P = – 4.338 (±1.839) – 0.649 (±0.064)*O-atom +.047 

(±0.016)*ZM1–
 
0.010 (±0.003)* HI–1.073 (±0.751)*IDE 

  (3) 

R = 0.963, R
2
 = 0.927, R

2
adj = 0.910, SE= 0.1232, F= 51.295, 

K= 4 

 

The parameters contributing to model 3 have both, positive as 

well as negative contribution in the modeling of lipophilicity. 

The initial statistics SE, R, R
2

adj and F indicate that the model as 

described by eqn.3 is superior than the other proposed models 

(equation 1 and 2)  

 

In all the models discussed above, we observed that the positive 

sign associated with ZM1 indicate their positive role towards 

lipophilicity and negative sign associated with O-atom, HI and 

IDE indicate their negative role towards lipophilicity.  

 

The value of pogliani Q parameter
20,21

 for the model expressed 

by equation 3 (Q=7.8165) confirms that this model has excellent 

predictive power. By the use of cross validation parameters like 

PRESS, SSY, R
2

cv, PSE and SPRESS from which we can test the 

predictive power of the proposed model
22

. The calculated cross-

validation parameters
15

 for each of the models are discussed 

below. 

 

For the model 3, the value of Q is Q=7.8165, which is greater 

than other proposed model expressed by equations 1&2 

respectively. 

 

If the values of PRESS and SPRESS are smaller then the model 

predicts better and can be considered statistically significant
23

. 

In this regard, the model 3 is the best one. PSE is another cross-

validation parameter. The lowest value of PSE for the model 3 

supports its highest predictive potential. For a model, 

PRESS/SSY should be not more than 0.4
24

. In case of our study 

the ratio PRESS/SSY ranges between 0.0724 - 0.1199. 

 

We have predicted the lipophilicity from models expressed by 

equation (2) and equation (3) which are discussed above. The 
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predicted lipophilicities are then compared with their calculated 

values. This comparison is given in table 4. The residue of 

lipophilicity is the least for the model expressed by equation (3), 

showing that model 3 is the most appropriate model for 

modeling the lipophilicity. 

 

We have estimated the predictive correlation coefficients 

(R
2

pred.) to examine the relative potential of the proposed models 

by plotting graphs between calculated and predicted 

lipophilicity values using equations (2) and (3). The values 

R
2

pred are found as 0.960 and 0.986, respectively, for the models 

expressed by equations (2) and (3) and shown in figure 1 and 2 

respectively. This finally confirms that the model expressed by 

equation (3) has the best predictive potential. 

 

 

Table-1 

Structural details, calculated lipophilicity value, structural indicator and topological indices for the compounds used in the 

present study 

 
Compound ClogP R O-atom ZM1 HI IDE 

1 3.747 H 2 140 95.74 3.49 

2 4.460 2-Cl 2 146 53.51 3.52 

3 4.460 3-Cl 2 146 53.12 3.54 

4 4.460 4-Cl 2 146 52.84 3.48 

5 3.853 2-OH 3 146 53.51 3.52 

6 3.853 3-OH 3 146 53.12 3.54 

7 3.853 4-OH 3 146 52.84 3.48 

8 4.031 3-OCH3 3 150 58.04 3.61 

9 4.031 4-OCH3 3 150 57.54 3.61 

10 3.490 2-NO2 4 156 64.41 3.59 

11 3.490 3-NO2 4 156 63.46 3.65 

12 3.853 4-NO2 4 156 62.56 3.71 

13 3.745 2-COOH 4 156 64.41 3.59 

14 3.745 3-COOH 4 156 63.46 3.65 

15 3.745 4-COOH 4 156 62.56 3.71 

16 4.246 3-CH3 2 146 53.12 3.54 

17 4.246 4-CH3 2 146 52.84 3.48 

18 4.775 3-C2H5 2 150 58.04 3.61 

19 4.775 4-C2H5 2 150 57.54 3.61 

20 4.610 3-Br 2 146 53.12 3.54 

21 4.610 4-Br 2 146 52.84 3.48 

 

Table-2 

Intercorrelation matrix of structural descriptor for proposed model 

 Clog P O-atom ZM1 HI IDE 

Clog P 1     

O-atom -0.828 1    

ZM1 -0.461 0.846 1   

HI -0.459 0.204 0.033 1  

IDE -0.337 0.695 0.849 0.162 1 
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Table-3 

Values of cross-validation parameters for the proposed models 

Model Parameters Used PRESS SPRESS PSE Q
 

R
2

cv SSY PRESS/SSY 

1 O-atom, ZM1 0.4030 0.1496 0.1385 6.4232 0.8801 3.3606 0.1199 

2 O-atom, ZM1, HI 0.2755 0.1273 0.1145 7.5492 0.9181 3.3606 0.0819 

3 O-atom, ZM1, HI, IDE 0.2433 0.1233 0.1076 7.8165 0.9276 3.3606 0.0724 

 

Table-4 

ClogP and Predicted logP values of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-chromen-8-yl)-3-thio-1,2,4-triazole analogues 

derived from the regression equation 2 and 3 

Compound ClogP Predicted logP Residual 

  Eq.2                     Eq.3 Eq.2                  Eq.3 

1 3.7470 3.7630 3.7313 -0.0160 0.0156 

2 4.4600 4.4789 4.4678 -0.0189 -0.0078 

3 4.4600 4.4820 4.4932 -0.0220 -0.0332 

4 4.4600 4.4842 4.4316 -0.0242 0.0283 

5 3.8538 3.8139 3.8188 0.0398 0.0349 

6 3.8538 3.8170 3.8442 0.0367 0.0095 

7 3.8538 3.8192 3.7826 0.0345 0.0711 

8 4.0310 4.0296 4.0581 0.0013 -0.0271 

9 4.0310 4.0336 4.0631 -0.0026 -0.0321 

10 3.4900 3.6917 3.6059 -0.2017 -0.1159 

11 3.4900 3.6993 3.6798 -0.2093 -0.1898 

12 3.8538 3.7065 3.7532 0.1472 0.1005 

13 3.7455 3.6917 3.6059 0.0537 0.1395 

14 3.7455 3.6993 3.6798 0.0461 0.0656 

15 3.7455 3.7065 3.7532 0.0389 -0.0077 

16 4.2460 4.4820 4.4932 -0.2360 -0.2472 

17 4.2460 4.4842 4.4316 -0.2382 -0.1856 

18 4.7750 4.6946 4.7071 0.0803 0.0678 

19 4.7750 4.6986 4.7121 0.0763 0.0628 

20 4.6100 4.4820 4.4932 0.1279 0.1167 

21 4.6100 4.4842 4.4316 0.1257 0.1783 

 

 

 
Figure-1 

Correlation between calculated and predicted lipophilicity of 21 derivatives of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-

chromen-8-yl)-3-thio-1,2,4-triazole using  equation 2 

y = 0.914x + 0.356

R² = 0.918
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Figure-2 

Correlation between calculated and predicted lipophilicity of 21 derivatives of 5-(2-Oxo-3-aryl-diazenyl-4-methyl-2H-

chromen-8-yl)-3-thio-1, 2, 4-triazole using equation 3 

 

Conclusion 

The lipophilicity of Triazole derivatives can be modeled using 

topological indices along with indicator parameter. The model 

constituted by the ZM1, HI
 
and IDE as molecular descriptors 

and O-atom as Indicator parameter is the best model having best 

ability to predict the lipophilicity expressed as ClogP of the 

triazole. The use of structural indicators, based on the number of 

electronegative atoms, gave better results with topological 

indices and thus elaborated the role of electronegative atoms in 

the modeling of lipophilicity. From the results, as discussed 

above, it is concluded that the model obtained by combination 

of topological indices and structural indicators have better 

quality and predictivity. 
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