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Atovaquone belongs to the class of naphthalenes and is mainly an anti parasite drug which 

selectively targets malarial parasite. It is structurally hydrophobic in nature therefore having poor 

water solubility and oral bioavailability. Chemically it is composed of a napthoquinonyl head, a 

cyclohexanyl linker and a hydrophobic 4-chlorophenyl tail, which is responsible for the 

hydrophobic nature of this drug. Due to the presence of naphthoquinonyl head moiety 
O

O

OH

Atovaquone shows antitumor activity. The 4-chlorophenyl tail and cyclohexanyl 

linker provides potential sites for structural optimization. Drug designing is a crucial step for 

obtaining novel drugs and requires potent methodologies. In this research work, QSAR analysis 

of Atovaquone derivatives was performed using a number of structural parameters. The values of 

different physicochemical parameters are evaluated and indicator parameter I1 for 4-F-3-Cl at R1, 

I2  for H at R3 position and I3 for CH groups at X position were used in present QSAR studies. In 

this work, the ratio PRESS/SSY for the equations 2, 17, 18, 41 and 42 are 0.190, 0.174, 0.190, 

0.180, 0.179 respectively, which are less than 0.400, indicating that these models are reliable 

QSAR models. The PSE as well as SPRESS are good parameters to be used for discussing the 

uncertainty in prediction. The lower the value of these parameters, the better will be the predictive 

ability of the model. Also, the highest R2
CV (0.826) has been found for the QSAR model. no. 17 

indicating that it has excellent overall predictive power. Thus from the results obtained it is clear 

that for getting the potent and efficient drug less Bulky groups having lesser vertices should be 

used, more polar, less electronegative group, more hydrophobic group is beneficial for the activity. 

Group H at R3 position and CH at position X should be retained at R2 position. The results are 
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critically discussed on the basis of regression data and cross validation techniques. Poglani factor 

(Q) and the results of leave one out (LOO) method confirms the reliability and predictability of the 

proposed models that can be highly beneficial for future designing of new analogues with higher 

potency. 

 
                                            (Structure of parent molecule) 
Keywords: QSAR, Atovaquone derivatives, Poglani factor (Q), leave one out (LOO), molecular 

descriptors 

Introduction 

For obtaining novel drugs drug designing is a crucial step which requires potent methodologies. 

One of such methods is Quantitative Structure Activity Relationship (QSAR) which is one of the 

widely used statistical tool that correlates the structure of a molecule to a biological activity as a 

function of molecular descriptors, thereby, playing an essential role in the drug designing. It must 

also be noted that the constructed QSAR1 models also need to be tested and validated for their 

efficiency and practical usage. As the QSAR models are structure specific, they may not be 

universally applicable. However, because of their high precision and efficacy, they have a 

promising future in the world of drug design. J. Zhou and coworkers studied the role of 

Atovaquone derivatives as potent cytotoxic agents. The biological activity data reported by them 

has been used here. Inhibitory activity pIC50 against prostate Du 145 cells are reported in literature, 

where pIC50 represents the inhibition of the binding of receptor to the receptor site. In this research 

work, attempt has been done to obtain the QSAR models with the series of 29 Atovaquone 

derivatives which help in understanding and designing the structure of more potent drug.  

Results and discussion 

Two dimensional (2D) structures of 29 Atovaquone derivatives were drawn using ACD Lab Chem 

O

O

N

R2

R3

X

R1
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Sketch version 10 software2 (www.acdlabs.com/acdlabs-rss-feed.xml) and some physicochemical 

and hydrophobic parameters such as weight (Mw), molar volume (Mv), molar refractivity (Mr), 

parachor (Pc), density (D), Index of refraction (IOR), surface tension (St),polarizability (Pz) and 

partition coefficient (Log P) were calculated with the help of this software6. However, most of the 

topological parameters such as wiener index (W), mean wiener index, (Wa) balaban indices (J), 

Balaban centric index (BAC) and molecular connectivity (χ); were calculated by using E Dragon 

software. Hansch analysis-multiparametic regression analysis 3. Pogliani’s quality factor  and other 

statistical techniques are used in this work for investigating the predictive power of various 

parameters and finally cross validation technique was employed to test the validity of the models. 

The regression analysis used to derive the correlation was executed with SPSS 7.5 Software  . The 

different analogues of parent structure and the values of biological activity are reported in Table 

1. 

Table 1 
Biological activity data with different substituents  

 
S.No. R1 R2 R3 X pIC50 

1. p-Cl H H N 4.530 

2. p-F H H N 4.931 

3. p-MeO H H N 4.336 

4. p-Me H H N 5.086 

5. H H H N 5.004 

6. m-Cl H H N 5.080 

O

O

N

R2

R3

X

R1
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7. o-Cl H H N 5.537 

8. m-Me H H N 5.130 

9. o-Me H H N 5.244 

10. m-OMe H H N 4.823 

11. o-OMe H H N 5.096 

12. 3,5-di Methoxyl H H N 4.826 

13. 3,4-di Methoxyl H H N 4.749 

14. 3,4,5-tri Methoxyl H H N 4.935 

15. 4-F-3-Cl H H N 4.492 

16. H OH H N 5.552 

17. H H OH N 4.818 

18. 4-F OH H N 5.075 

19. 4-F H OH N 4.649 

20. o-Cl OH H N 5.638 

21. o-OMe OH H N 5.744 

22. o-Me OH H N 5.638 

23. H OH OH N 5.886 

24. H H H CH 5.221 

25. H OH H CH 5.522 

26. p-Cl H H CH 5.136 

27. P-Cl OH H CH 5.585 

28. o-Me H H CH 5.214 

29. o-Me OH H CH 5.602 

The values of different physicochemical parameters4 evaluated and indicator parameter I1 for 4-F-
3-Cl at R1, I2  for H at R3 position and I3 for CH groups at X position were used in present QSAR 
studies are listed in Table 2. The value 1 and 0 was assigned to this parameters depending upon 
the presence or absence of these groups at R3 position and are listed in Table 2. 
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Table 2 

Physicochemical parameters for different  Atovaquone derivatives 
S.No. BAC D Id IOR J LogP Mr Mv Mw Pc Pz St W WA 0χ 1χ 2χ 3χ 4χ 5χ Xeq I1 I2 

10.000 1.362 4.578 1.662 1.324 3.155 95.860 258.900 352.814 721.200 38.00 60.20 1574.000 5.247 17.389 12.131 11.043 9.750 8.107 6.940 2.377 0.00 1.00 

10.000 1.339 4.578 1.644 1.324 3.032 90.960 251.100 336.359 691.400 36.05 57.40 1574.000 5.247 17.389 12.131 11.043 9.750 8.107 6.940 2.388 0.00 1.00 

11.000 1.285 4.637 1.640 1.302 2.339 97.640 270.900 348.395 742.700 38.70 56.40 1791.000 5.511 18.096 12.699 11.212 10.158 8.418 7.050 2.365 0.00 1.00 

10.000 1.262 4.578 1.648 1.324 3.155 95.790 236.200 332.395 722.300 37.97 56.70 1574.000 5.247 17.389 12.131 11.043 9.750 8.107 6.940 2.348 0.00 1.00 

5.000 1.289 4.531 1.658 1.344 2.907 90.960 246.900 318.369 684.100 36.06 58.80 1382.000 5.007 16.518 11.737 10.421 9.339 7.956 6.716 2.358 0.00 1.00 

10.000 1.362 4.578 1.662 1.338 3.155 95.860 258.900 352.814 721.200 38.00 60.20 1556.000 5.187 17.389 12.131 11.055 9.666 8.259 6.940 2.377 0.00 1.00 

10.000 1.362 4.578 1.662 1.352 3.155 95.860 258.900 352.814 721.200 38.00 60.20 1538.000 5.127 17.389 12.148 10.949 9.806 8.352 6.956 2.377 0.00 1.00 

10.000 1.262 4.578 1.648 1.338 3.155 95.790 263.200 332.395 722.300 37.97 56.70 1556.000 5.187 17.389 12.131 11.055 9.666 8.259 6.940 2.348 0.00 1.00 

10.000 1.262 4.578 1.648 1.352 3.155 95.790 263.200 332.395 722.300 37.97 56.70 1538.000 5.127 17.389 12.148 10.949 9.806 8.352 6.956 2.348 0.00 1.00 

11.000 1.285 4.637 1.640 1.325 2.339 97.640 270.900 348.395 742.700 38.70 56.40 1755.000 5.400 18.096 12.669 11.224 10.090 8.482 7.173 2.365 0.00 1.00 

11.000 1.285 4.637 1.640 1.352 2.339 97.640 270.900 348.395 742.700 38.70 56.40 1719.000 5.289 18.096 12.686 11.140 10.120 8.671 7.278 2.365 0.00 1.00 

21.000 1.282 4.735 1.625 1.334 1.784 104.320 294.900 378.421 801.300 41.35 54.40 2148.000 5.683 19.673 13.601 12.039 10.783 9.018 7.778 2.371 0.00 1.00 

21.000 1.282 4.735 1.625 1.315 1.784 104.320 294.900 378.421 801.300 41.35 54.40 2180.000 5.767 19.673 13.618 11.933 10.918 9.179 7.614 2.371 0.00 1.00 

35.000 1.280 4.827 1.612 1.344 1.239 111.000 318.900 408.447 859.900 44.00 52.80 2589.000 5.952 21.250 14.566 12.663 11.631 9.949 8.294 2.376 0.00 1.00 

17.000 1.409 4.624 1.649 1.327 3.278 95.850 263.100 370.804 728.600 38.00 58.70 1751.000 5.388 18.259 12.542 11.551 10.328 8.367 7.135 2.408 1.00 1.00 

10.000 1.362 4.637 1.681 1.369 2.090 92.840 245.300 334.368 699.300 36.80 65.90 1524.000 5.080 17.389 12.148 10.958 9.744 8.430 7.000 2.376 0.00 1.00 

10.000 1.362 4.637 1.681 1.359 2.090 92.840 245.300 334.368 699.300 36.80 65.90 1536.000 5.120 17.389 12.148 10.958 9.739 8.469 6.933 2.376 0.00 0.00 

17.000 1.411 4.681 1.666 1.349 2.215 92.840 249.500 352.358 706.600 36.80 64.20 1729.000 5.320 18.259 12.542 11.580 10.155 8.582 7.224 2.406 0.00 1.00 

17.000 1.411 4.681 1.666 1.339 2.215 92.840 249.500 352.358 706.600 36.80 64.20 1742.000 5.360 18.259 12.542 11.580 10.149 8.621 7.157 2.406 0.00 0.00 

17.000 1.433 4.681 1.684 1.376 2.339 97.740 257.300 368.813 736.400 38.74 67.00 1691.000 5.203 18.259 12.559 11.486 10.211 8.827 7.240 2.395 0.00 1.00 

18.000 1.352 4.735 1.660 1.373 1.539 99.520 269.300 364.394 757.900 39.45 62.60 1884.000 5.368 18.966 13.097 11.677 10.525 9.145 7.562 2.358 0.00 1.00 

17.000 1.331 4.681 1.669 1.376 2.339 97.670 261.600 348.395 737.600 38.72 63.10 1691.000 5.203 18.259 12.559 11.486 10.211 8.827 7.240 2.365 0.00 1.00 

17.000 1.437 4.735 1.704 1.387 1.290 94.730 243.800 350.367 714.500 37.55 73.70 1683.000 5.178 18.259 12.559 11.496 10.158 8.837 7.438 2.393 0.00 0.00 

5.000 1.240 4.531 1.638 1.344 3.993 92.010 255.800 317.381 695.800 36.47 54.60 1382.000 5.007 16.518 11.737 10.421 9.339 7.956 6.716 2.343 0.00 1.00 

10.000 1.310 4.637 1.660 1.369 3.155 93.890 254.300 33.380 711.000 37.22 61.00 1524.000 5.080 17.389 12.148 10.958 9.744 8.430 7.000 2.360 0.00 1.00 

10.000 1.313 4.578 1.643 1.324 4.238 96.900 267.800 351.826 732.900 38.41 56.00 1574.000 5.247 17.389 12.131 11.043 9.750 8.107 6.940 2.361 0.00 1.00 

17.000 1.381 4.681 1.664 1.349 3.401 98.780 266.200 367.825 748.100 39.16 62.30 1729.000 5.320 18.259 12.542 11.580 10.155 8.582 7.224 2.378 0.00 1.00 

11.000 1.241 4.637 1.622 1.352 3.401 98.690 279.800 347.407 754.400 39.12 52.70 1719.000 5.289 18.096 12.686 11.140 10.120 8.671 7.278 2.351 0.00 1.00 

18.000 1.305 4.735 1.642 1.373 2.584 100.570 278.300 363.406 769.600 39.87 58.40 1884.000 5.368 18.966 13.097 11.677 10.525 9.145 7.562 2.367 0.00 1.00 

Correlation of pIC50 with physicochemical parameters  Monoparametric Models 
Table 1(a) 

S.No. Equations n R R2 R2
A SE F(1, 27) 

1. pIC50=0.001(±0.026) BAC + 5.119 29 0.024 0.001 -0.036 0.411 0.016 

2. pIC50=1.359 (±2.679) D + 3.337 29 0.196 0.039 0.003 0.403 1.084 

3. pIC50 =1.044 (±2.201)Id + 0.295 29 0.184 0.034 -0.002 0.404 0.947 

4. pIC50 =9.039(±7.005) IOR – 9.803 29 0.454 0.206 0.177 0.366 7.010 
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5. pIC50=16.401(±4.011) J - 16.935 29 0.850 0.723 0.712 0.216 70.376 

6. pIC50 =-0.033 (±0.211) LogP+ 5.229 29 0.062 0.004 -0.033 0.410 0.103 

7. pIC50=-0.004 (±0.037) Mr + 5.557 29 0.046 0.002 -0.035 0.411 0.057 

8. pIC50=-0.004 (0.009) Mv + 6.312 29 0.193 0.037 0.001 0.403 1.042 

9. pIC50=-0.001 (±0.003) Mw + 5.560 29 0.189 0.036 0.000 0.404 0.998 

10. pIC50=-8.65×10-4(±4.135×10-3)Pc+ 5.776 29 0.080 0.006 -0.030 0.410 0.174 

11. pIC50=-0.010 (± 0.094) Pz + 5.553 29 0.045 0.002 -0.035 0.411 0.056 

12. pIC50=0.039 (±0.020) St + 2.809 29 0.469 0.220 0.191 0.363 7.606 

13. pIC50=-2.84 × 10-4 (±7.16×10-4) W + 5.627 29 0.176 0.031 -0.005 0.405 0.864 

14. pIC50=-0.745 (±0.681) WA + 9.082 29 0.396 0.157 0.126 0.378 5.027 

15 pIC50=-0.022 (±0.163) 0 + 5.543 29 0.054 0.003 -0.034 0.411 0.079 

16. pIC50=-0.064 (±0.265) 1 + 5.954 29 0.097 0.009 -0.027 0.409 0.254 

17. pIC50=-0.028 (±0.343) 2 + 5.468 29 0.033 0.001 -0.036 0.411 0.030 

18. pIC50=-0.056 (±0.332) 3 + 5.714 29 0.068 0.005 -0.032 0.410 0.125 

19. pIC50=0.176 (±0.358) 4 + 3.638 29 0.190 0.036 0.001 0.404 1.015 

20. pIC50=0.099 (±0.470) 5 + 4.428 29 0.083 0.007 -0.030 0.410 0.187 

21. pIC50= -3.306(8.868) Xeq + 12.984 29 0.146 0.021 -0.015 0.407 0.585 

Where n is the number of data points, R is the coefficient of correlation5, R2 is the coefficient of 

determination, SE is the standard error of estimate, R2
A represents adjusted R2 or explained 

variance which when multiplied by 100 gives the percentage of variance in the activity that can be 

accounted for the equations. F is the variance ratio between observed and calculated activities and 

the data within the parenthesis are confidence interval at 95%. All the above statistical parameters 

show that all the equations in their present form are statistically insignificant. All the 

physicochemical parameters (equations 1-21) and their square term were taken together to test the 

parabolic relationship, which was found to be absent. In multiparametric modeling6, a statistically 

significant model one must investigate to find out whether or not any collinearity exists between 

the parameters used. This is achieved by obtaining correlation matrix, such a matrix obtained in 

the present case is shown in Table- 3 and it is clear that each pair parameter in correlation matrix 
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for which ‘R’ > 0.5 cannot be taken together due to collinearity. 

Table 3 
Correlation matrix demonstrating correlation between physicochemical 

parameters with indicator parameter 
 

BA
C D Id IOR J 

Log
P Mr Mv Mw Pc Pz St W WA 0χ 1χ 2χ 3χ 4χ 5χ Xeq I1 I2 I3 

BA
C 

1.00
0  

                       

D 
0.19
3  

1.00
0  

                      

Id 
0.91
3  

0.21
6  

1.00
0  

                     

IOR 
-
0.23
4  

0.76
7  

-
0.08
7  

1.00
0  

                    

J 
0.12
6  

0.35
1  

0.32
0  

0.57
3  

1.00
0                     

Log
P 

-
0.65
1  

-
0.25
1  

-
0.79
1  

-
0.14
3  

-
0.29
5  

1.00
0  

                  

Mr 
0.80
2  

-
0.27
6  

0.72
5  

-
0.57
7  

-
0.08
7  

-
0.43
0  

1.00
0                   

Mv 
0.68
4  

-
0.40
8  

0.59
4  

-
0.74
9  

-
0.20
9  

-
0.29
5  

0.92
0  

1.00
0                  

Mw 
0.38
8  

0.12
1  

0.26
6  

-
0.15
3  

-
0.20
4  

-
0.26
7  

0.38
2  

0.32
8  

1.00
0  

               

Pc 
0.82
0  

-
0.28
7  

0.74
7  

-
0.61
6  

-
0.10
7  

-
0.44
6  

0.99
5  

0.93
6  

0.37
4  

1.00
0                

Pz 
0.80
2  

-
0.27
6  

0.72
5  

-
0.57
7  

-
0.08
7  

-
0.42
9  

1.00
0  

0.92
0  

0.38
1  

0.99
5  

1.00
0  

             

St 
-
0.00
5  

0.83
5  

0.16
7  

0.96
2  

0.63
3  

-
0.34
5  

-
0.42
3  

-
0.60
7  

-
0.08
5  

-
0.44
7  

-
0.42
3  

1.00
0              

W 
0.92
3  

-
0.09
5  

0.85
8  

-
0.51
4  

-
0.11
5  

-
0.63
4  

0.91
0  

0.85
6  

0.40
5  

0.93
7  

0.91
0  

-
0.29
4  

1.00
0  

           

WA 
0.82
5  

-
0.15
0  

0.72
8  

-
0.60
8  

-
0.38
0  

-
0.52
4  

0.86
0  

0.83
6  

0.43
6  

0.89
1  

0.86
0  

-
0.41
5  

0.95
9  

1.00
0            

0χ 
0.95
7  

0.01
5  

0.92
2  

-
0.40
0  

0.02
7  

-
0.67
9  

0.89
1  

0.80
7  

0.39
8  

0.91
4  

0.89
1  

-
0.16
7  

0.98
5  

0.91
3  

1.00
0           

1χ 
0.91
6  

-
0.10
0  

0.88
8  

-
0.48
8  

-
0.02
3  

-
0.66
9  

0.91
5  

0.85
7  

0.38
6  

0.94
1  

0.91
5  

-
0.26
3  

0.99
2  

0.92
9  

0.99
0  

1.00
0  

        

2χ 
0.97
7  

0.19
1  

0.91
9  

-
0.26
3  

0.04
6  

-
0.65
0  

0.81
3  

0.69
5  

0.41
1  

0.83
3  

0.81
3  

-
0.03
1  

0.93
5  

0.87
0  

0.97
1  

0.92
9  

1.00
0         

3χ 
0.95
3  

0.02
0  

0.91
0  

-
0.40
6  

0.01
8  

-
0.66
4  

0.88
6  

0.80
6  

0.40
3  

0.91
0  

0.88
6  

-
0.17
6  

0.98
0  

0.91
1  

0.99
5  

0.98
5  

0.96
2  

1.00
0  

      

4χ 
0.91
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Multiparametric modeling using indicator parameter along with physicochemical 
parameters 

Table – 1(b) 
S. No. Equations n R R2 R2

A SE F(5,23) 

1.  pIC50= 15.797 (±3.914) J+0.877 (±1.586) D-0.441(±0.421) I1 + 0.358 

(±0.262) I2 + 0.152 (±0.184) I3 - 17.623 

29 0.915 0.837 0.801 0.180 23.568 

2.  pIC50= 16.304 (±3.591) J-0.002 (±0.005) Mv-0.362(±0.383) I1 + 0.349 

(±0.249)I2 + 0.133 (±0.176) I3 - 16.386 

29 0.917 0.840 0.806 0.178 24.214 

3.  pIC50= 16.693 (±3.987) J-0.003 (±0.019) Mr+0.471(±1.641) D - 0.429 

(±0.444) I1 + 0.388 (±0.280) I2 - 17.931 

29 0.904 0.817 0.778 0.190 20.597 

4.  pIC50= 17.129 (±3.746) J-0.004 (±0.018) Mr -1.147(±5.118) Xeq - 

0.332 (±0.459) I1 + 0.329 (±0.287) I2 - 15.053 

29 0.904 0.816 0.776 0.191 20.449 

5.  pIC50=16.785(±3.971)J-0.004 (±0.013) BAC+0.595(±1.617) D - 0.418 

(±0.442) I1 + 0.381 (±0.274) I2 - 18.509 

29 0.906 0.820 0.781 0.189 20.958 

6.  pIC50=16.693 (±3.987) J + 0.471 (±1.641) D -0.003(±0.019) Mr - 

0.429 (±0.444) I1 + 0.388 (±0.280) I2 - 17.931 

29 0.904 0.817 0.778 0.190 20.597 

7.  pIC50=16.600(±3.910) J + 0.291 (±1.652) D – 0.002(±0.005) Mv - 

0.415 (±0.436) I1 + 0.403 (±0.275) I2 - 17.309 

29 0.908 0.825 0.786 0.186 21.612 

8.  pIC50= 16.694 (±3.987) J + 0.471 (±1.641) D – 0.009 (±0.046) Pz - 

0.429 (±0.444) I1 + 0.388 (±0.280) I2 - 17.932 

29 0.904 0.817 0.778 0.190 20.597 

9.  pIC50= 16.535 (±3.930) J + 0.488 (±1.592) D – 1.39 × 10-4 (±1.39 × 

10-4) W - 0.423 (±0.437)I1 + 0.381 (±0.272) I2 – 17.852 

29 0.907 0.823 0.785 0.187 21.442 

10.  pIC50= 16.054 (±4.162) J + 0.513 (±1.593) D – 0.164 (±0.370) WA - 

0.424 (±0.438)I1 + 0.380 (±0.272) I2 - 16.605 

29 0.907 0.823 0.784 0.187 21.331 

11.  pIC50= 16.733 (±3.938) J + 0.528 (±1.596) D – 0.031 (±0.076) 0 - 

0.421 (±0.439)I1 + 0.381 (±0.272) I2 - 17.835 

29 0.907 0.822 0.783 0.188 21.245 

12.  pIC50= 16.713 (±3.914) J + 0.461 (±1.593) D – 0.060 (±0.122) 1 - 

0.423 (±0.436)I1 + 0.381 (±0.271) I2 - 17.542 

29 0.908 0.824 0.786 0.187 21.533 

13.  pIC50= 16.664 (±3.967) J + 0.604 (±1.629) D – 0.048 (±0.163) 2 - 

0.423 (±0.443)I1 + 0.381 (±0.275) I2 - 17.867 

29 0.905 0.819 0.780 0.189 20.827 

14.  pIC50= 16.745 (±3.939) J + 0.523 (±1.596) D – 0.065 (±0.154) 3 - 

0.411 (±0.440)I1 + 0.383 (±0.273) I2 - 17.764 

29 0.907 0.822 0.783 0.188 21.244 

15.  pIC50= 17.288 (±4.107) J + 0.479 (±1.590) D – 0.087 (±0.177) 4 - 

0.430 (±0.436)I1 + 0.377 (±0.271) I2 - 18.339 

29 0.908 0.824 0.786 0.187 21.551 

16.  pIC50= 16.931 (±4.017) J + 0.494 (±1.605) D – 0.081 (±0.222) 5 - 29 0.906 0.821 0.782 0.188 21.029 
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S. No. Equations n R R2 R2
A SE F(5,23) 

0.425 (±0.441)I1 + 0.380 (±0.274) I2 - 18.047 

17.  pIC50=14.534(±4.062) J + 3.328 (±2.876) D-10.247(±9.071) Xeq - 

0.321 (±0.412) I1 + 0.344 (±0.251) I2 + 5.170 

29 0.923 0.851 0.819 0.171 26.347 

18.  pIC50=16.168(±3.640)J+0.031 (±0.042) Mr – 0.010(±0.011) Mv - 

0.371 (±0.383) I1 + 0.400 (±0.246) I2 - 17.397 

29 0.916 0.840 0.805 0.178 24.114 

19.  pIC50=16.529(±3.717)J - 0.013 (±0.021) Pc + 0.281(±0.444) Pz - 

0.354 (±0.397) I1 + 0.326 (±0.254) I2 - 18.327 

29 0.910 0.829 0.791 0.184 22.236 

20.  pIC50=16.785(±3.971)J-0.004(±0.013)BAC + 0.595(±1.617) D - 0.418 

(±0.442) I1 + 0.381 (±0.274) I2 - 18.509 

29 0.906 0.820 0.781 0.189 20.958 

21.  pIC50=16.555(±4.009)J- 0.154 (±0.388) WA - 0.612(±5.280) Xeq - 

0.344 (±0.457) I1 + 0.327 (±0.277) I2 - 15.158 

29 0.905 0.820 0.780 0.189 20.903 

22.  pIC50=17.024(±4.069) J + 0.575 (±1.608) D - 0.405(±1.105) Id - 0.434 

(±0.441) I1 + 0.371 (±0.275) I2 - 16.974 

29 0.906 0.821 0.782 0.188 21.033 

23.  pIC50=17.459(± 3.902) J - 0.321 (±1.187) Id - 0.687(±5.451) Xeq - 

0.343 (±0.464) I1 + 0.314 (±0.277) I2 - 15.509 

29 0.904 0.817 0.777 0.190 20.511 

24.  pIC50=0.671(±1.521)D+0.092(±0.102)LogP+ 7.206(±3.776) J - 0.485 

(±0.420) I1 + 0.321 (±0.266) I2 - 19.425 

29 0.917 0.840 0.805 0.178 24.187 

25.  pIC50=0.006(±0.021)Mr+0.112(±0.130)LogP+7.963(±3.664) J - 0.410 

(±0.387) I1 + 0.234 (±0.282) I2 - 20.157 

29 0.915 0.837 0.802 0.179 23.662 

26.  pIC50=0.112(±0.130)LogP+0.016(±0.053)Pz+ 7.962(±3.664) J - 0.410 

(±0.388) I1 + 0.234 (±0.282) I2 - 20.154 

29 0.915 0.837 0.802 0.179 23.662 

27.  pIC50= 0.196 (± 5.153) Xeq + 0.089 (±0.110) LogP + 17.757 (±3.631) 

J - 0.418 (±0.451) I1 + 0.278 (±0.266) I2 - 19.698 

29 0.913 0.834 0.798 0.181 23.189 

28.  pIC50= 0.002 (± 0.019) Mr + 0.181 (±1.634) D + 16.974(±4.126) J + 

0.314 (±0.287) I2 + 0.143 (±0.203) I3 - 18.019 

29 0.897 0.804 0.761 0.197 18.851 

29.  pIC50= -0.002 (± 0.019) Mr - 2.021 (±4.864) Xeq + 17.159 (±3.838) J 

+ 0.265 (±0.285) I2 + 0.111 (±0.200) I3 - 13.138 

29 0.900 0.810 0.768 0.194 19.550 

30.  pIC50= 0.282 (± 1.600) D - 0.004 (±0.013) BAC + 17.073(±4.113) J + 

0.312 (±0.281) I2 + 0.137 (±0.203) I3 - 18.467 

29 0.898 0.807 0.764 0.196 19.176 

31.  pIC50= -0.018 (± 1.619) D - 0.002 (±0.005) Mv + 16.829 (±4.018) J + 

0.337 (±0.281) I2 + 0.145 (±0.197) I3 - 17.120 

29 0.902 0.814 0.773 0.192 20.106 

32.  pIC50= 0.181 (± 1.634) D - 0.006 (±0.048) Pz + 16.975(±4.127) J + 

0.314 (±0.287) I2 + 0.143 (±0.203) I3 - 18.018 

29 0.897 0.804 0.761 0.197 18.852 

33.  pIC50= 0.172 (±1.589) D + 16.890 (±4.078) J-1.14×10-4 (±1.14×10-4) 29 0.899 0.808 0.766 0.195 19.359 
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S. No. Equations n R R2 R2
A SE F(5,23) 

W + 0.312 (±0.280) I2 + 0.133 (±0.203) I3 - 17.933 

34.  pIC50= 0.195 (± 1.587) D + 16.495 (±4.286) J - 0.133(±0.390) WA + 

0.311 (±0.280) I2 + 0.134 (±0.202) I3 - 16.919 

29 0.899 0.807 0.766 0.195 19.289 

35.  pIC50= 0.210 (±1.585) D + 17.041 (±4.093) J – 0.026 (±0.080) 0 + 

0.312 (±0.280)I2 + 0.134 (±0.202) I3 - 17.901 

29 0.899 0.807 0.765 0.195 19.276 

36.  pIC50= 0.148 (±1.593) D - 0.049 (±0.130) 1 + 17.041 (±4.080) J + 

0.312 (±0.279)I2 + 0.132 (±0.203) I3 - 17.683 

29 0.899 0.808 0.767 0.195 19.407 

37.  pIC50= 0.282 (±1.611) D + 16.962 (±4.104) J – 0.041 (±0.170) 2 + 

0.312 (±0.282)I2 + 0.139 (±0.203) I3 - 17.909 

29 0.897 0.805 0.763 0.196 19.032 

38.  pIC50= 0.218 (±1.580) D + 17.042 (±4.392) J – 0.062 (±0.162) 3 + 

0.315 (±0.279)I2 + 0.133 (±0.202) I3 - 17.765 

29 0.899 0.809 0.767 0.195 19.441 

39.  pIC50= 0.159 (±1.595) D - 0.064 (±0.188) 4 + 17.473 (±4.362)J + 

0.308 (±0.280) I2 + 0.133 (±0.204) I3 - 18.341 

29 0.899 0.807 0.766 0.195 19.293 

40.  pIC50= 0.184 (±1.597) D + 17.186 (±4.196) J – 0.063 (±0.234) 5 + 

0.310 (±0.281)I2 + 0.137 (±0.203) I3 - 18.089 

29 0.898 0.806 0.764 0.196 19.095 

41.  pIC50= 3.400 (±2.917) D - 11.201 (±9.002) Xeq + 14.455 (±4.149) J + 

0.287 (±0.250)I2 + 0.119 (±0.179) I3 - 7.457 

29 0.920 0.847 0.814 0.174 25.512 

42.  pIC50= 0.047 (±0.043) Mr - 0.014 (±0.011) Mv + 15.565 (±3.652) J + 

0.345 (±0.243)I2 + 0.201 (±0.179) I3 - 17.115 

29 0.921 0.848 0.814 0.174 25.586 

43.  pIC50= 0.408 (±0.450) Pz - 0.019 (±0.021) Pc + 16.128 (±3.775) J + 

0.251 (±0.260)I2 + 0.171 (±0.184) I3 - 18.512 

29 0.911 0.831 0.794 0.183 22.546 

44.  pIC50= 0.282 (±1.600) D - 0.004 (±0.013) BAC + 17.073 (±4.113) J + 

0.312 (±0.281)I2 + 0.137 (±0.203) I3 - 18.467 

29 0.898 0.807 0.764 0.196 19.176 

45.  pIC50= 16.788 (±4.077) J – 0.105 (±0.395) WA - 1.716 (±4.976) Xeq 

+ 0.264 (±0.278)I2 + 0.109 (±0.200) I3 - 13.090 

29 0.901 0.811 0.770 0.193 19.750 

All the proposed QSAR models were statistically significant at 95% confidence interval7. Fcal is 

also greater than Ftheo which is (F(5,23) = 2.64). The coefficient of steric parameters Mr, Mv and Pc 

were found to be negative which implies that these parameters have negative influence in 

determining the activity. In QSAR models these parameter represents good correlation of activity 

as well as indicator variables. The negative coefficient of topological parameters BAC, W, WA, 

0 - 5 and Id indicates that they also exert negative influence upon activity. Negative coefficients 

of steric and topological parameters indicate that the less bulky group having lesser vertices may 
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be conducive toward the activity. The coefficient of electronic parameter Xeq was found to be 

negative this indicate that these parameters also have negative influence in determining the 

activity. The sign of coefficient of Pz was found to be positive which clearly shows that this 

parameter has positive influence on the activity. In order to examine the relative potential of 

proposed models, predictive correlation coefficient (R2
pred) were estimated by plotting graph 

between observed and calculated pIC50 values obtained with the help of equation 17 and 42 (Table 

– 1b). The comparison between observed and calculated activities is listed in Table 4. Such 

correlations are shown in figure 1. From the fig. 1 R2
pred values obtained for equation 17 and 42 

(Table -1b) are 0.8514 and 0.8476. They are fairly high indicating the good quality of model. Cross 

– validation method  was used to evaluate predictive power 8of all the models9-12. Various cross-

validation parameters calculated for the proposed models are presented in Table 6. 

 
Table 4 

Comparison between observed and calculated values of substituted pyrimidines and 
purines for Eq. No. 17 and Eq. No. 42 

1. 4.530 4.928 -0.398 4.813 -0.283 

2. 4.931 4.735 0.196 4.688 0.243 

3. 4.336 4.475 -0.139 4.389 -0.053 

4. 5.086 4.891 0.195 5.127 -0.041 

5. 5.004 5.171 -0.167 5.058 -0.054 

6. 5.080 5.131 -0.051 5.031 0.049 

7. 5.537 5.335 0.202 5.249 0.288 

8. 5.130 5.095 0.035 4.968 0.162 

9. 5.244 5.298 -0.054 5.186 0.058 

10. 4.823 4.809 0.014 4.747 0.076 

11. 5.096 5.201 -0.105 5.167 -0.071 

12. 4.826 4.869 -0.043 4.872 -0.046 

13. 4.749 4.593 0.156 4.576 0.173 

14. 4.935 4.956 -0.021 5.012 -0.077 
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15. 4.492 4.492 0.000 4.801 -0.309 

16. 5.552 5.592 -0.040 5.559 -0.007 

17. 4.818 5.103 -0.285 5.058 -0.240 

18. 5.075 5.157 -0.082 5.189 -0.114 

19. 4.649 4.668 -0.019 4.688 -0.039 

20. 5.638 5.736 -0.098 5.735 -0.097 

21. 5.744 5.795 -0.051 5.606 0.138 

22. 5.638 5.703 -0.065 5.672 -0.034 

23. 5.886 5.581 0.305 5.606 0.280 

24. 5.221 5.164 0.057 5.185 0.036 

25. 5.522 5.579 -0.057 5.685 -0.163 

26. 5.136 4.928 0.208 4.941 0.195 

27. 5.585 5.338 0.247 5.442 0.143 

28. 5.214 5.201 0.013 5.295 -0.081 

29. 5.602 5.553 0.049 5.732 -0.130 

 
Fig.1 

A plot showing comparison between observed pIC50 
and predicted pIC50 for Eq. no. 17 and Eq. no.42

For series 2:
y = 0.8476x + 0.7834

R2 = 0.8476

For series 1:
y = 0.8514x + 0.7642
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Table 5 
Some statistical techniques proves predictive ability for the proposed models 

S.No. Model No. Q E K PE 6PE 

1. 2 5.151 60.00 0.400 0.019 0.114 

2. 17 5.397 61.40 0.386 0.018 0.108 

3. 18 5.146 60.00 0.400 0.019 0114 

4. 41 5.287 60.90 0.391 0.018 0.108 

5. 42 5.293 61.10 0.389 0.018 0.108 

 
 

Table 6 
Cross Validation parameters for proposed models 

S.No. Model 
No. 

n PRESS SSY PRESS/SSY R2
cv PSE SPRESS 

1. 2 29 0.731 3.846 0.190 0.810 0.158 0.162 

2. 17 29 0.680 3.896 0.174 0.826 0.153 0.156 

3. 18 29 0.733 3.843 0.190 0.810 0.158 0.162 

4. 41 29 0.699 3.877 0.180 0.820 0.155 0.159 

5. 42 29 0.697 3.879 0.179 0.821 0.155 0.158 

 
As it is clear from the table 6 that the ratio PRESS/SSY for equation 2, 17, 18, 41 and 42 are 0.190, 

0.174, 0.190, 0.180, 0.179 respectively, which are less than 0.400, indicating that these models are 

reliable QSAR models. The PSE as well as SPRESS
13 are good parameters to be used for discussing 

the uncertainty in prediction. The lower the value of these parameters, the better will be the 

predictive ability of the model.  Also the highest R2
CV

 
 (0.826) has been found for the QSAR model. 
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no.  17 (Table – 1b) this indicates  that it has excellent overall predictive power. 

Conclusions 

The above  results make it clear that for designing drugs of this series  with reference to their 

activity pIC50, the following points may be kept in mind: Less Bulky groups having lesser vertices 

should be used. More polar and less electronegativeand more hydrophobic  group is beneficial for 

the activity. In addition to this the presence of Hydrogen at R3 position and CH at position X  is 

highly favourable for the activity. J. Zhou and coworkers  reported that compound no.1 which is 

structurally close derivative of Atovaquone has almost identical anti-tumor activity as 

Atovaquone. When the Cl group was removed (compound no.5) or replaced with F, methyl groups 

(compound no.2 and 4) the activity was found to be improved by 3-4 folds. But the methoxy  group 

substituted derivatives (compound no.3) was very less active and also decreased the activity. 

Compounds with multiple substitutions (compound no. 12, 13, 14 and 15) were less potent but it 

was found that the introduction of 8-dydroxyl analogues (compound no. 18, 20, 21 and 22) 

displayed good anti-tumor activity. These findings are similar to the predicted values obtained 

from model no. 17 and 42. The 2-piperidinyl naphthoquinones (compound no. 24-29) also 

displayed good anti-tumor activity.  Thus the results obtained  based on QSAR are in nice 

agreement with the result obtained experimentally. 
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