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ABSTRACT 
 
A Density Functional Theory analysis was performed to find relationships between the electronic structure of a 
group of N-3-benzimidazolephenylbisamide derivatives and their antiproliferative activity against MGC803, HT29, 
MKN45 and SW620 cancer cell lines. The geometries were fully optimized at the B3LYP/6-31G(d,p) level. A similar 
skeleton for all the molecules, composed by 38 atoms, was used for the analysis. Statistically significant equations 
were obtained for the four cell lines. The equivalent 2D pharmacophores were built and some ring-ring interactions 
were suggested. The question of knowing if the role of the C-E rings connector is the same for all the cases analyzed 
here cannot be fully answered yet. The analysis of the equations and the pharmacophores should offer information 
about new probable substitution sites. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

In the field of cancer drug design, a crucial early-stage element frequently involves the screening of compounds in 
cell-based in vitro assays. One of the most common parameters measured is the impact of a given molecule on the 
proliferation of a cancer cell line. Many experimental work was carried out with different molecular systems ands 
cell lines [1-30]. Theoretical work was also performed [31]. In previous papers we have carried out studies relating 
electronic structure with antiproliferative activity and cytotoxicity for different series of molecules [32-36]. We 
present here the results of a Density Functional Theory study of the relationships between the electronic/molecular 
structure and the antiproliferative activity on MGC803, HT29, MKN45 and SW620 cancer cell lines by a family of 
recently synthesized N-3-benzimidazolephenylbisamide derivatives [5] We expect that these results will provide 
new information for an improved understanding of the action mechanism and for the synthesis of new derivatives. 
 

MATERIALS AND METHODS  
 

The QSAR method 
Since the method employed here has been described in a very exhaustive mode in practically each paper we have 
published on this topic, we decided to refer the reader to the literature [37-44]. Consequently, we shall discuss below 
only the resultant equations. The master equation linking any biological activity with the electronic structure is the 
only member of the class of model-based methods [45]. It encompasses local atomic reactivity indices describing 
virtually all possible atom-atom interactions. In the case of in vitro ligand-site interactions expressed as equilibrium 
constants or IC50 values this method produced outstanding results. In the case of an in vivo or in vitro multistep 
and/or multimechanistic action mechanism our technique necessitates that all the steps and all the mechanisms 
inside every step be the same for all the group of molecules under analysis [36]. Very good results were obtained for 
a diversity of molecules and biological activities ([32-35, 44, 46-69] and references therein). This approach is called 
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the Klopman-Peradejordi-Gómez method (KPG). Regarding the resulting statistical equations, we must remember 
that the variation of the numerical values of the local atomic reactivity indices (LARIs) appearing inside them 
explains the variation of the antiproliferative activity throughout the series. Therefore, any LARI making a constant 
contribution will not appear explicitly inside these equations. 
 
Selection of molecules and biological activity. 
The molecules were selected from a recent study and are shown in Table 1 and Fig. 1. 
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Figure 1. General formula of the selected N-3-benzimidazolephenylbisamide derivatives 

 
Table 1. Selected N-3-benzimidazolephenylbisamide derivatives 

  
Mol. R1 R2 R3 R4 R5 

1 H H H S Me 
2 H Cl H S Me 
3 H H CF3 S Me 
4 H CF3 H S Me 
5 F H H S Me 
6 Cl Cl H S Me 
7 H H Me S Me 
8 H F H S Me 
9 Cl H H S Me 
19 H Cl Cl S Me 
11 Cl H Cl S Me 
12 H H F S Me 
13 H H CF3 S Cl 
14 H Cl Cl S Cl 
15 Cl H Cl S Cl 
16 H H H O Me 
17 H Cl H O Me 
18 H H CF3 O Me 
19 H CF3 H O Me 
20 F H H O Me 
21 Cl Cl H O Me 
22 H H Me O Me 
23 H F H O Me 
24 Cl H H O Me 
25 H Cl Cl O Me 
26 Cl H Cl O Me 
27 H H F O Me 
28 H H CF3 O Cl 
29 H Cl Cl O Cl 
30 Cl H Cl O Cl 

 
The biological activities studied here are the in vitro cell growth inhibition of human colorectal (SW620 and HT29) 
and human gastric (MGC803 and MKN45) cancer cell lines by the aforementioned molecules [5]. The activities are 
shown in Table 2. 
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Table 2. Biological activities of N-3-benzimidazolephenylbisamide derivatives 
 

Mol. log(IC50) SW620 log(IC50) 
HT29 

log(IC50) 
MGC803 

log(IC50) 
MKN45 

1 1.83 1.46 1.78 1.76 
2 ---- 1.55 1.71 1.64 
3 1.86 1.24 0.81 1.01 
4 1.19 0.91 0.72 0.78 
5 0.81 0.27 0.49 0.38 
6 ---- 1.80 ---- ---- 
7 1.78 1.15 0.70 1.05 
8 ---- 1.74 ---- 1.94 
9 1.76 1.37 1.65 1.71 
10 1.49 0.80 0.81 0.92 
11 1.76 1.06 0.54 0.72 
12 1.61 0.28 0.45 0.63 
13 1.81 1.11 0.73 0.89 
14 1.40 0.69 0.71 0.66 
15 1.70 0.78 0.48 0.57 
16 1.48 1.21 1.60 1.55 
17 1.20 1.19 1.32 1.45 
18 1.18 0.89 1.17 1.43 
19 0.98 0.55 1.12 0.98 
20 0.61 -0.12 0.40 0.26 
21 1.62 1.69 ---- 1.94 
22 1.42 0.71 ---- 0.80 
23 1.60 1.58 1.65 1.72 
24 1.55 0.95 1.29 1.33 
25 0.79 0.01 0.78 0.76 
26 1.09 0.42 0.44 0.41 
27 1.55 -0.01 -0.80 -0.62 
28 0.47 -0.23 -0.92 -0.06 
29 1.36 0.47 0.59 0.50 
30 1.53 -0.14 -1.21 -0.46 

 
Calculation of the electronic structure 
We worked with the common skeleton hypothesis affirming that there is a set of atoms, shared with all the 
molecules analyzed, that explains nearly all the biological activities. The effect of the substituents is to modify the 
electronic structure of this common skeleton and/or influencing the correct placement of the drug. The common 
skeleton is presented in Fig. 2, together with the atom numbering used in the resulting statistical equations. 
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Figure 2. Common skeleton numbering 
 
Molecular geometries were fully optimized at the B3LYP/6-31G(d,p) level of theory with the Gaussian package 
[70]. From the corrected Mulliken Population Analysis result we obtained numerical values for all electronic local 
atomic reactivity indices [71, 72]. The D-CENT-QSAR software was used [73]. Since the system of linear equations 
cannot be solved because the number of molecules is smaller than the number of unknown coefficients, a linear 
multiple regression analysis (LMRA) was carried out. The Statistica software was used [74]. 
 

RESULTS 
 

HT-29 RESULTS 
After finding and deleting the outliers we obtained the following equation: 
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50 14 33 35 32

4 19 1

log( ) 2.02 0.88 0.029 ( )* 0.58 1.60

0.01 ( 2)* 0.41 0.008 ( 1)*

N E

N N

IC S LUMO S Q

S LUMO S LUMO

η
µ

= − − + − − −

− + − − +
  (1) 

 
with n=28, R= 0.98, R²= 0.97, adj-R²= 0.92, F(7,20)=82.84 (p<0.000001) and a standard error of estimate of 0.12. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here, 14η is the local atomic hardness of atom 

14, 33( )*NS LUMO  is the nucleophilic superdelocalizabity of the lowest vacant MO localized on atom 33, 35
ES  is 

the total atomic electrophilic superdelocalizability of atom 35, 32Q  is the net charge of atom 32, 

4 ( 2)*NS LUMO + is the nucleophilic superdelocalizability of the third lowest vacant MO localized on atom 4, 

19µ  is the local atomic electronic chemical potential of atom 19 and 1 ( 1)*NS LUMO +  is the nucleophilic 

superdelocalizability of the second lowest vacant MO localized on atom 1. Table 3 shows the beta coefficients and 
the results of the t-test for significance of coefficients of Eq. 1. Table 4 displays the squared correlation coefficients 
for the variables appearing in Eq. 1, showing that there are no significant internal correlations. Fig. 3 displays the 
plot of observed vs. calculated log (IC50) values. The associated statistical parameters of Eq. 1 indicate that this 
equation is statistically significant and that the variation of the numerical value of a group of seven local atomic 
reactivity indices of atoms of the common skeleton explains about 92% of the variation of the in vitro cell growth 
inhibition of human colorectal HT29 cancer cell line. 
 

Table 3. Beta coefficients and t-test for significance of the coefficients in Eq. 1 
 

 
Beta t(20) p-level 

14η  -0.42 -9.42 <0.000001 

33( )*NS LUMO  0.29 5.18 <0.00004 

35
ES  -0.53 -11.36 <0.000001 

32Q  -0.39 -6.86 <0.000001 

4 ( 2)*NS LUMO +  -0.31 -6.00 <0.000007 

19µ  -0.19 -3.85 <0.001 

1 ( 1)*NS LUMO +  -0.17 -3.48 <0.002 

 
Table 4. Squared correlation coefficients for the variables appearing in Eq. 1 

 

 14η  33( )*NS LUMO  35
ES  32Q  4 ( 2)*NS LUMO +  19µ  

33( )*NS LUMO  0.006 1 
    

35
ES  0.008 0.03 1 

   

32Q  0.02 0.3 0.04 1 
  

4 ( 2)*NS LUMO +  0.04 0.03 0.002 0.05 1 
 

19µ  0.01 0.003 0.1 0.06 0.03 1 

1 ( 1)*NS LUMO +  0.08 0.006 0.005 0.04 0.3 0.0004 
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Figure 3. Observed versus calculated values (Eq. 1) of log (IC50). Dashed lines denote the 95% confidence interval 
 
MGC803 RESULTS 
After finding and deleting the outliers we found the following equation: 

50 35 25 15

18 32 23 24

log( ) 12.72 1.03 0.02 ( 2)* 0.71 ( 1)*

0.04 ( 1)* 0.57 0.15 ( 1)* 0.27 ( 1)*

E N E

N E N E

IC S S LUMO S HOMO

S LUMO S S LUMO S HOMO

= − − + + + − +

+ + − + + + −
   (2) 

 
with n=25, R= 0.98, R²= 0.97, adj-R²= 0.96, F(7,17)=78.04 (p<0.000001) and a standard error of estimate of 0.16. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here, 35
ES  is the total atomic electrophilic 

superdelocalizability of atom 35, 25( 2)*NS LUMO +  is the nucleophilic superdelocalizability of the third lowest 

vacant MO localized on atom 25, 15( 1)*ES HOMO −  is the electrophilic superdelocalizability of the second 

highest occupied MO localized on atom 15, 18( 1)*NS LUMO +  is the nucleophilic superdelocalizability of the 

second lowest vacant MO localized on atom 18, 32
ES is the total atomic electrophilic superdelocalizability of atom 

32, 23( 1)*NS LUMO +  is the nucleophilic superdelocalizability of the second lowest vacant MO localized on atom 

23 and 24( 1)*ES HOMO −  is the electrophilic superdelocalizability of the second highest occupied MO localized 

on atom 24. Table 5 shows the beta coefficients and the results of the t-test for significance of coefficients of Eq. 2. 
Table 6 displays the squared correlation coefficients for the variables appearing in Eq. 2, showing that there are no 
significant internal correlations. Fig. 4 displays the plot of observed vs. calculated log (IC50) values. The associated 
statistical parameters of Eq. 2 indicate that this equation is statistically significant and that the variation of the 
numerical value of a group of seven local atomic reactivity indices of atoms of the common skeleton explains about 
96% of the variation of the in vitro cell growth inhibition of the human colorectal MGC803 cancer cell line. 
 

Table 5. Beta coefficients and t-test for significance of the coefficients in Eq. 2 
 

 
Beta t(17) p-level 

35
ES  -0.73 -15.92 <0.000001 

25( 2)*NS LUMO +  0.27 6.21 <0.00001 

15( 1)*ES HOMO −  0.42 7.16 <0.000001 

18( 1)*NS LUMO +  0.21 3.86 <0.001 

32
ES  -0.43 -9.45 <0.000001 

23( 1)*NS LUMO +  0.19 3.14 <0.006 

24( 1)*ES HOMO −  0.13 2.75 <0.01 
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Table 6. Squared correlation coefficients for the variables appearing in Eq. 2 
 

 35
ES  25( 2)*NS LUMO +  

15( 1)*ES HOMO −  
18( 1)*NS LUMO +  

32
ES  23( 1)*NS LUMO +  

25( 2)*NS LUMO +  0 1 
    

15( 1)*ES HOMO −  0.003 0.04 1 
   

18( 1)*NS LUMO +  0.06 0.03 0.1 1 
  

32
ES  0.008 0.0001 0.006 0.06 1 

 

23( 1)*NS LUMO +  0.008 0.0004 0.4 0.10 0.003 1 

24( 1)*ES HOMO −  0.0004 0.0004 0 0.06 0.01 0.02 
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Figure 4. Observed versus calculated values (Eq. 2) of log (IC50). Dashed lines denote the 95% confidence interval 
 
MKN45 RESULTS 
After finding and deleting the outliers we obtained the following equation: 
 

50 13 35 27

25 24 31

11 21

log( ) 6.68 0.21 ( 1)* 0.75 0.03 ( 2)*

0.24 ( 1)* 0.29 ( 1)* 0.009 ( 1)*

0.0009 ( 2)* 0.22 ( 1)*

N E N

E E N

N E

IC S LUMO S S LUMO

S HOMO S HOMO S LUMO

S LUMO S HOMO

= − − + − + + +

+ − + − − + +

+ + + −

  (3) 

 
with n=23, R= 0.99, R²= 0.98, adj-R²= 0.98, F(8,14)=78.04 (p<0.000001) and a standard error of estimate of 0.10. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here, 13( 1)*NS LUMO + is the nucleophilic 

superdelocalizability of the second lowest vacant MO localized on atom 13, 35
ES  is the total atomic electrophilic 

superdelocalizability of atom 35, 27( 2)*NS LUMO +  is the nucleophilic superdelocalizability of the third lowest 

vacant MO localized on atom 27, 25( 1)*ES HOMO −  is the electrophilic superdelocalizability of the second 

highest occupied MO localized on atom 25, 24( 1)*ES HOMO −  is the electrophilic superdelocalizability of the 

second highest occupied MO localized on atom 24, 31( 1)*NS LUMO +  is the nucleophilic superdelocalizability of 

the second lowest vacant MO localized on atom 31, 11( 2)*NS LUMO +  is the nucleophilic superdelocalizability of 

the third lowest vacant MO localized on atom 11 and 21( 1)*ES HOMO −  is the electrophilic superdelocalizability 
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of the second highest occupied MO localized on atom 21. Table 7 shows the beta coefficients and the results of the 
t-test for significance of coefficients of Eq. 3. Table 8 displays the squared correlation coefficients for the variables 
appearing in Eq. 3, showing that there are no significant internal correlations. Fig. 5 displays the plot of observed vs. 
calculated log (IC50) values. The associated statistical parameters of Eq. 1 indicate that this equation is statistically 
significant and that the variation of the numerical value of a group of eight local atomic reactivity indices of atoms 
of the common skeleton explains about 98% of the variation of the in vitro cell growth inhibition of the human 
colorectal MKN45 cancer cell line. 
 

Table 7. Beta coefficients and t-test for significance of the coefficients in Eq. 3 
 

 
Beta t(14) p-level 

13( 1)*NS LUMO +  -0.56 -13.92 <0.000001 

35
ES  -0.62 -16.40 <0.000001 

27( 2)*NS LUMO +  0.31 7.20 <0.000005 

25( 1)*ES HOMO −  0.22 5.16 <0.0001 

24( 1)*ES HOMO −  0.18 4.71 <0.0003 

31( 1)*NS LUMO +  -0.13 -3.47 <0.004 

11( 2)*NS LUMO +  0.14 3.17 <0.007 

21( 1)*ES HOMO −  0.11 2.69 <0.02 

 
Table 8. Squared correlation coefficients for the variables appearing in Eq. 3 

 

 
13( 1)*NS LUMO +

 35
ES  27( 2)*NS LUMO +

 
25( 1)*ES HOMO −

 
24( 1)*ES HOMO −

 
31( 1)*NS LUMO +

 
11( 2)*NS LUMO +

 

35
ES  0.29 1.00 

     

27( 2) *NS LUMO +  0.08 1 
     

25( 1)*ES HOMO −  0.07 0.01 1 
    

24( 1)*ES HOMO −
 

0.02 0.07 0.07 1 
   

31( 1)*NS LUMO +
 

0.08 0.001 0.08 0.005 1 
  

11( 2)*NS LUMO +  0.004 0.04 0.004 0.04 0.04 1 
 

21( 1)*ES HOMO −  0.005 0.07 0.3 0.2 0.02 0.005 1 
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Figure 5. Observed versus calculated values (Eq. 3) of log (IC50). Dashed lines denote the 95% confidence interval 
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SW620 RESULTS 
After detecting and deleting the outliers we found the following equation: 

50 32 17 34 12

31 32

log( ) 2.89 1.46 0.09 ( )* 0.45 0.24 ( 2)*

0.37 ( )* 0.34 ( )*

N EIC Q S LUMO S HOMO

F LUMO F LUMO

µ= − − + + − −
− +

 (4) 

 
with n=24, R= 0.97, R²= 0.95, adj-R²= 0.93, F(6,17)=50.85 (p<0.000001) and a standard error of estimate of 0.10. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here, 32Q  is the net charge of atom 32, 

17( )*NS LUMO  is the nucleophilic superdelocalizability of the lowest vacant MO localized on atom 17, 34µ  is the 

local atomic electronic chemical potential of atom 34, 12( 2)*ES HOMO − is the electrophilic superdelocalizability 

of the third highest occupied MO localized on atom 12, 31( )*F LUMO  is the Fukui index of the lowest vacant MO 

localized on atom 31 and 32( )*F LUMO is the Fukui index of the lowest vacant MO localized on atom 32. Table 9 

shows the beta coefficients and the results of the t-test for significance of coefficients of Eq. 4. Table 10 displays the 
squared correlation coefficients for the variables appearing in Eq. 4, showing that there are no significant internal 
correlations. Fig. 6 displays the plot of observed vs. calculated log (IC50) values. The associated statistical 
parameters of Eq. 4 indicate that this equation is statistically significant and that the variation of the numerical value 
of a group of six local atomic reactivity indices of atoms of the common skeleton explains about 93% of the 
variation of the in vitro cell growth inhibition of the human colorectal SW620 cancer cell line. 

 
Table 9. Beta coefficients and t-test for significance of the coefficients in Eq. 4 

 

 
Beta t(17) p-level 

32Q  -0.58 -8.91 <0.000001 

17( )*NS LUMO  -0.46 -7.49 <0.000001 

34µ  0.28 4.42 <0.0004 

12( 2)*ES HOMO −  0.20 3.13 <0.006 

31( )*F LUMO  -0.19 -2.93 <0.009 

32( )*F LUMO  0.13 2.23 <0.04 

 
Table 10. Squared correlation coefficients for the variables appearing in Eq. 4 

 

 32Q  17( )*NS LUMO  34µ  12( 2)*ES HOMO −  31( )*F LUMO  

17( )*NS LUMO  0.04 1 
   

34µ  0.03 0.08 1 
  

12( 2)*ES HOMO −  0.03 0.1 0.08 1 
 

31( )*F LUMO  0.1 0.0009 0.07 0.02 1 

32( )*F LUMO  0.06 0.0064 0.002 0.008 0.02 
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Figure 6. Observed versus calculated values (Eq. 4) of log (IC50). Dashed lines denote the 95% confidence interval 
 
Local Molecular Orbitals 
 
Tables 11-16 display the local molecular orbital structure of atoms appearing in Eqs. 1-4 [37, 38]. 
 

Table 11. Local molecular orbital structure of atoms 1, 4 and 11 
 

Mol Atom 1 (C) Atom 4 (C) Atom 11 (C) 
1 (129) 126π127π128π-131π136π137π 126π127π128π-131π136π137π 124π127π128π-130π131π132π 
2 (137) 134π135π137π-139π143π144π 134π135π137π-139π143π144π 135π136π137π-138π139π143π 
3 (145) 142π143π145π-148π151π152π 142π143π145π-148π151π152π 143π144π145π-146π148π151π 
4 (145) 142π143π145π-148π151π152π 142π143π145π-148π151π152π 143π144π145π-146π148π151π 
5 (133) 130π131π133π-135π138π140π 130π131π133π-135π138π140π 131π132π133π-134π135π137π 
6 (145) 142π143π145π-148π149π151π 142π143π145π-148π149π151π 143π144π145π-146π148π151π 
7 (133) 130π131π133π-135π140π141π 130π131π133π-135π140π141π 131π132π133π-134π135π136π 
8 (133) 130π131π133π-135π140π141π 130π131π133π-135π140π141π 131π132π133π-134π135π137π 
9 (137) 134π135π136π-138π139π144π 134π135π136π-139π144π145π 133π135π136π-138π139π142π 
10 (145) 142π143π144π-147π153π155π 142π143π144π-147π153π155π 141π143π144π-146π147π150π 
11 (145) 142π143π144π-147π153π155π 142π143π144π-147π153π155π 141π143π144π-146π147π150π 
12 (133) 130π131π132π-135π140π142π 130π131π132π-135π140π142π 129π131π132π-134π135π136π 
13 (149) 147π148π149π-150π151π156π 146π147π148π-151π156π157π 146π147π148π-150π151π153π 
14 (149) 146π147π148π-150π151π157π 146π147π148π-151π157π159π 146π147π148π-150π151π153π 
15 (149) 147π148π149π-150π151π156π 146π147π148π-151π156π158π 144π147π148π-150π151π154π 
16 (125) 123π124π125π-126π127π132π 123π124π125π-126π127π132π 123π124π125π-126π127π131π 
17 (133) 131π132π133π-134π135π140π 131π132π133π-135π140π143π 131π132π133π-134π135π139π 
18 (141) 139π140π141π-143π148π150π 139π140π141π-143π148π150π 139π140π141π-142π143π147π 
19 (141) 139π140π141π-143π148π149π 139π140π141π-143π148π149π 139π140π141π-142π143π147π 
20 (129) 127π128π129π-130π131π136π 127π128π129π-130π131π136π 127π128π129π-130π131π135π 
21 (141) 139π140π141π-142π143π149π 139π140π141π-143π149π151π 139π140π141π-142π143π148π 
22 (129) 127π128π129π-130π131π136π 127π128π129π-130π131π136π 127π128π129π-130π131π135π 
23 (129) 127π128π129π-130π131π136π 127π128π129π-131π136π138π 127π128π129π-130π131π134π 
24 (133) 131π132π133π-134π135π140π 131π132π133π-134π135π140π 131π132π133π-134π135π139π 
25 (141) 139π140π141π-142π143π149π 139π140π141π-143π149π151π 139π140π141π-142π143π148π 
26 (141) 139π140π141π-144π145π149π 139π140π141π-144π145π149π 139π140π141π-142π144π147π 
27 (129) 127π128π129π-130π131π136π 127π128π129π-131π136π137π 127π128π129π-130π131π135π 
28 (133) 127π132π133π-134π135π140π 127π132π133π-134π135π140π 131π132π133π-134π135π137π 
29 (133) 126π132π133π-134π135π140π 126π132π133π-134π135π140π 131π132π133π-134π135π137π 
30 (133) 127π132π133π-134π135π140π 127π132π133π-134π135π140π 131π132π133π-134π135π137π 
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Table 12. Local molecular orbital structure of atoms 12, 13 and 15 
 

Mol Atom 12 (C) Atom 13 (C) Atom 15 (C) 
1 (129) 124π127π129π-131π132π133π 124π127π128π-130π131π136π 127π128π129π-130π131π132π 
2 (137) 133π135π136π-139π141π142π 135π136π137π-138π139π144π 135π136π137π-138π139π141π 
3 (145) 141π143π144π-148π149π151π 143π144π145π-146π148π152π 143π144π145π-146π148π149π 
4 (145) 141π143π144π-148π150π151π 143π144π145π-146π148π152π 143π144π145π-146π148π150π 
5 (133) 129π131π132π-135π137π138π 126π132π133π-134π135π140π 131π132π133π-134π135π137π 
6 (145) 141π143π144π-148π150π151π 143π144π145π-146π148π149π 143π144π145π-146π148π149π 
7 (133) 129π131π132π-135π136π138π 131π132π133π-134π135π140π 131π132π133π-134π135π136π 
8 (133) 129π131π132π-135π137π138π 131π132π133π-134π135π140π 131π132π133π-134π135π137π 
9 (137) 132π135π137π-139π141π142π 132π135π136π-138π139π144π 135π136π137π-138π139π141π 
10 (145) 140π141π143π-147π150π151π 137π143π144π-146π147π153π 143π144π145π-146π147π148π 
11 (145) 140π141π143π-147π150π151π 137π143π144π-146π147π153π 143π144π145π-147π148π150π 
12 (133) 128π129π131π-135π136π137π 125π131π132π-134π135π140π 131π132π133π-135π136π137π 
13 (149) 146π147π149π-151π153π156π 144π147π148π-150π151π156π 147π148π149π-151π152π153π 
14 (149) 144π145π146π-151π152π153π 146π147π148π-150π151π157π 147π148π149π-151π152π153π 
15 (149) 144π147π149π-151π154π156π 144π147π148π-150π151π156π 147π148π149π-151π153π154π 
16 (125) 118π123π124π-127π131π132π 123π124π125π-126π127π131π 123π124π125π-127π131π132π 
17 (133) 131π132π133π-135π139π140π 131π132π133π-134π135π139π 131π132π133π-135π139π140π 
18 (141) 139π140π141π-143π147π148π 139π140π141π-142π143π147π 139π140π141π-143π147π148π 
19 (141) 136π139π140π-143π147π148π 139π140π141π-142π143π147π 139π140π141π-143π147π148π 
20 (129) 127π128π129π-131π135π136π 127π128π129π-130π131π135π 127π128π129π-131π135π136π 
21 (141) 139π140π141π-143π148π149π 139π140π141π-142π143π148π 139π140π141π-143π148π149π 
22 (129) 122π127π128π-131π135π136π 127π128π129π-130π131π135π 127π128π129π-131π135π136π 
23 (129) 127π128π129π-131π134π135π 127π128π129π-130π131π135π 127π128π129π-131π134π135π 
24 (133) 127π131π132π-135π139π140π 131π132π133π-134π135π139π 131π132π133π-135π139π140π 
25 (141) 139π140π141π-143π148π149π 139π140π141π-142π143π148π 139π140π141π-143π148π149π 
26 (141) 136π139π140π-144π145π147π 139π140π141π-142π144π145π 139π140π141π-144π145π147π 
27 (129) 123π127π128π-131π135π136π 127π128π129π-130π131π135π 127π128π129π-131π135π136π 
28 (133) 124π131π133π-134π135π137π 131π132π133π-134π135π138π 129π131π133π-134π135π137π 
29 (133) 124π131π133π-134π135π137π 131π132π133π-134π135π137π 128π131π133π-134π135π137π 
30 (133) 125π131π133π-135π137π138π 131π132π133π-134π135π138π 128π131π133π-134π135π137π 

 
Table 13. Local molecular orbital structure of atoms 17, 18 and 21 

 
Mol Atom 17 (C) Atom 18 (N) Atom 21 (O) 

1 (129) 124π127π129π-130π132π133π 125π127π129π-130π132π133π 127π128π129π-130π131π132π 
2 (137) 133π135π136π-138π139π141π 133π135σ136σ-138π139π141π 130π132π133π-138π145π148π 
3 (145) 141π143π144π-146π148π149π 141π143σ144σ-146π148π151π 139π140π141π-146π153π155π 
4 (145) 141π143π144π-146π148π150π 141π143σ144σ-146π148π150π 135π139π140π-146π153π155π 
5 (133) 129π131π132π-134π135π137π 129π131σ132σ-134π135π137π 122π126π128π-134π141π143π 
6 (145) 141π143π144π-146π148π150π 141π143σ144σ-146π148π151π 139π140π141π-146π154π157π 
7 (133) 129π131π132π-134π136π138π 129π131σ132σ-134π135π136π 126π128π129π-134π141π143π 
8 (133) 129π131π132π-134π135π137π 129π131σ132σ-134π135π137π 123π126π128π-134π141π143π 
9 (137) 132π135π137π-138π139π141π 133π135σ137σ-138π142π144π 133π135π137π-138π139π142π 
10 (145) 141π143π145π-146π148π149π 140π141π145σ-150π151π154π 139π140π145π-146π147π158π 
11 (145) 141π143π145π-146π148π150π 140π141π145σ-150π151π154π 139π140π145π-146π147π150π 
12 (133) 129π131π133π-134π136π137π 128π129π133σ-136π137π138π 128π129π133π-134π135π136π 
13 (149) 147π148π149π-150π151π152π 146π147π149σ-150π153π156π 147π148π149π-150π151π153π 
14 (149) 145π146π149π-150π152π153π 144π145π149σ-153π154π155π 144π145π149π-150π151π154π 
15 (149) 147π148π149π-150π151π153π 146π147π149σ-150π154π156π 147π148π149π-150π151π154π 
16 (125) 115π121π123π-126π131π132π 116π121σ123π-126π131π137π 121π122π123π-126π127π134π 
17 (133) 123π129π131π-134π139π140π 129σ130π131π-134π139π145π 129π130π131π-134π135π144π 
18 (141) 131π137π139π-142π147π148π 137σ138π139π-142π147π153π 137π138π139π-142π143π144π 
19 (141) 131π137π139π-142π147π148π 134π137σ139π-142π147π153π 137π138π139π-142π143π150π 
20 (129) 119π125π127π-130π135π136π 125σ127π128π-130π131π135π 125π126π127π-130π131π139π 
21 (141) 131π137π139π-142π148π149π 132π137π139σ-142π148π155π 137π138π139π-142π143π144π 
22 (129) 119π124π127π-130π135π136π 120π124σ127π-130π131π135π 125π126π127π-130π131π138π 
23 (129) 119π125π127π-130π134π135π 120π125σ127π-130π135π141π 125π126π127π-130π131π139π 
24 (133) 123π129π131π-134π139π140π 125π129σ131π-134π135π139π 129π130π131π-134π135π143π 
25 (141) 131π137π139π-142π148π149π 132π137σ139π-142π148π155π 137π138π139π-142π143π144π 
26 (141) 131π137π139π-142π147π149π 133π137σ139π-142π147π155π 137π138π139π-142π145π151π 
27 (129) 119π125π127π-130π135π136π 121π125σ127π-130π135π141π 125π126π127π-130π131π138π 
28 (133) 123π129π131π-134π135π137π 125π129σ131π-135π138π144π 129π130π131π-134π135π144π 
29 (133) 123π128π131π-134π135π137π 125π128σ131π-135π137π144π 129π130π131π-134π135π143π 
30 (133) 123π128π131π-134π135π137π 125π128σ131π-134π135π138π 129π130π131π-134π135π143π 
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Table 14. Local molecular orbital structure of atoms 23, 24 and 25 
 

Mol Atom 23 (C) Atom 24 (C) Atom 25 (C) 
1 (129) 119π120π125π-130π131π133π 119π120π125π-130π131π132π 119π124π125π-130π132π133π 
2 (137) 127π132π133π-138π139π140π 127π128π133π-138π139π140π 127π132π133π-138π140π141π 
3 (145) 135π140π141π-146π147π149π 135π137π141π-146π147π148π 135π140π141π-146π147π149π 
4 (145) 135π140π141π-146π149π150π 135π137π141π-146π148π149π 135π140π141π-146π147π149π 
5 (133) 124π128π129π-134π135π137π 123π124π129π-134π135π137π 124π128π129π-134π137π138π 
6 (145) 136π140π141π-146π150π151π 135π136π141π-146π148π150π 136π140π141π-146π150π151π 
7 (133) 123π128π129π-134π135π136π 122π123π129π-134π135π136π 123π128π129π-134π136π138π 
8 (133) 123π128π129π-134π135π136π 123π124π129π-134π135π136π 123π128π129π-134π136π137π 
9 (137) 128π129π133π-138π139π141π 128π129π133π-138π139π142π 128π129π133π-142π143π150π 
10 (145) 136π140π141π-146π147π148π 134π135π141π-146π147π148π 139π140π141π-146π148π149π 
11 (145) 136π140π141π-146π147π149π 135π136π141π-146π147π148π 136π140π141π-146π148π149π 
12 (133) 127π128π129π-134π135π136π 122π123π129π-134π135π136π 127π128π129π-134π136π137π 
13 (149) 139π141π145π-150π151π152π 141π143π145π-150π151π152π 141π143π145π-152π153π155π 
14 (149) 143π144π145π-150π151π152π 139π140π145π-150π151π152π 143π144π145π-150π152π153π 
15 (149) 140π142π145π-150π151π154π 140π142π145π-150π151π154π 140π142π145π-154π155π162π 
16 (125) 116π121π122π-126π127π128π 120π121π122π-126π127π128π 114π116π122π-126π128π129π 
17 (133) 125π129π130π-134π135π136π 125π129π130π-134π135π136π 125π128π130π-134π136π137π 
18 (141) 134π137π138π-142π143π145π 134π137π138π-142π143π144π 132π133π138π-142π144π145π 
19 (141) 134π137π138π-142π143π145π 134π137π138π-142π143π145π 133π134π138π-142π145π146π 
20 (129) 120π125π126π-130π131π132π 122π125π126π-130π131π132π 118π120π126π-130π132π133π 
21 (141) 132π137π138π-142π143π145π 133π137π138π-142π143π144π 130π132π138π-142π144π145π 
22 (129) 120π124π126π-130π131π132π 120π124π126π-130π131π132π 118π120π126π-130π132π133π 
23 (129) 122π125π126π-130π131π132π 122π125π126π-130π131π132π 120π124π126π-130π132π133π 
24 (133) 125π129π130π-134π135π138π 125π129π130π-134π135π138π 122π125π130π-134π138π143π 
25 (141) 132π137π138π-142π143π145π 133π137π138π-142π143π144π 130π132π138π-142π144π145π 
26 (141) 133π137π138π-142π145π146π 133π137π138π-142π145π146π 130π133π138π-142π146π151π 
27 (129) 121π125π126π-130π131π133π 121π125π126π-130π131π132π 118π121π126π-130π132π133π 
28 (133) 125π129π130π-134π135π136π 126π129π130π-134π135π136π 122π125π130π-135π136π137π 
29 (133) 128π129π130π-134π135π136π 128π129π130π-134π135π136π 125π129π130π-135π136π137π 
30 (133) 125π128π130π-134π135π136π 128π129π130π-134π135π136π 125π129π130π-134π135π136π 

 
Table 15. Local molecular orbital structure of atoms 27, 31 and 32 

 
Mol Atom 27 (C) Atom 31 (C) Atom 32 (C) 

1 (129) 119π120π125π-132π133π134π 115π122π123π-133π134π135π 115π122π123π-133π134π135π 
2 (137) 128π132π133π-140π141π142π 122π131π132π-140π142π143π 123π128π131π-140π141π142π 
3 (145) 137π140π141π-147π148π149π 130π136π137π-147π150π161π 125π136π137π-147π150π160π 
4 (145) 137π140π141π-149π150π153π 130π136π137π-147π149π161π 125π136π137π-147π149π150π 
5 (133) 124π128π129π-137π138π141π 123π124π127π-136π138π139π 113π117π127π-136π138π139π 
6 (145) 136π140π141π-150π154π157π 135π136π138π-147π148π149π 135π136π138π-147π148π149π 
7 (133) 123π128π129π-136π138π141π 125π126π127π-137π138π139π 125π126π127π-137π138π139π 
8 (133) 124π128π129π-136π137π138π 124π127π128π-136π137π139π 117π124π127π-136π137π138π 
9 (137) 129π130π133π-143π144π148π 123π126π131π-140π141π142π 122π123π131π-140π141π142π 
10 (145) 139π140π141π-146π148π149π 136π139π140π-148π149π151π 130π131π136π-148π149π150π 
11 (145) 139π140π141π-149π150π151π 130π135π139π-147π148π149π 131π135π139π-148π149π150π 
12 (133) 122π127π129π-136π137π138π 124π127π128π-137π138π139π 124π127π128π-136π137π138π 
13 (149) 140π141π145π-153π155π156π 140π141π143π-152π153π154π 140π141π143π-152π154π155π 
14 (149) 139π143π145π-153π154π155π 143π144π145π-152π153π154π 133π135π141π-152π153π154π 
15 (149) 140π142π145π-154π155π156π 132π133π139π-152π153π154π 135π139π143π-152π153π154π 
16 (125) 120π121π122π-126π128π129π 111π119π120π-128π129π130π 111π119π120π-128π129π130π 
17 (133) 125π128π130π-134π136π137π 125π128π130π-136π137π138π 124π125π128π-136π137π138π 
18 (141) 133π134π138π-142π144π145π 132π133π134π-142π144π145π 132π133π134π-144π145π146π 
19 (141) 134π137π138π-142π145π146π 132π133π134π-144π145π157π 132π133π134π-144π145π146π 
20 (129) 120π122π126π-130π132π133π 121π122π124π-132π133π134π 114π122π124π-132π133π134π 
21 (141) 132π133π138π-142π144π145π 125π133π136π-142π143π144π 128π133π136π-144π145π146π 
22 (129) 120π124π126π-130π132π133π 115π123π125π-132π133π134π 115π123π125π-132π133π134π 
23 (129) 122π124π126π-130π132π133π 122π124π126π-132π133π134π 120π122π124π-132π133π134π 
24 (133) 125π129π130π-134π138π139π 119π124π128π-136π137π141π 118π119π128π-136π137π141π 
25 (141) 132π133π138π-142π144π145π 125π133π136π-142π143π144π 128π133π136π-144π145π146π 
26 (141) 133π137π138π-142π146π147π 125π126π132π-142π143π144π 127π132π135π-142π143π144π 
27 (129) 121π125π126π-130π133π134π 115π120π124π-132π133π134π 113π120π124π-132π134π142π 
28 (133) 125π126π130π-135π136π137π 117π126π128π-136π137π138π 117π126π128π-136π137π139π 
29 (133) 125π129π130π-135π136π138π 127π129π130π-136π137π138π 127π129π130π-138π139π149π 
30 (133) 125π129π130π-134π135π136π 126π129π130π-136π137π138π 118π126π129π-137π138π139π 
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Table 16. Local molecular orbital structure of atoms 33 and 34 
 

Mol. Atom 33 (C) Atom 34 
1 (129) 115π122π123π-133π135π143π 115π122π123π-133π134π135π 
2 (137) 128π131π132π-140π142π143π 123π128π131π-140π141π142π 
3 (145) 130π136π137π-147π149π150π 130π136π137π-147π150π151π 
4 (145) 130π136π137π-147π149π161π 130π136π137π-147π149π150π 
5 (133) 123π124π127π-136π138π139π 113π117π127π-136π138π139π 
6 (145) 135π136π138π-147π148π149π 135π136π138π-147π148π149π 
7 (133) 125π126π127π-137π138π139π 125π126π127π-137π138π139π 
8 (133) 118π124π127π-136π137π139π 118π124π127π-136π137π138π 
9 (137) 123π126π131π-140π141π142π 122π123π131π-140π141π142π 
10 (145) 136π139π140π-148π149π151π 134π136π139π-148π149π150π 
11 (145) 134π135π139π-147π148π149π 130π135π139π-148π149π150π 
12 (133) 127π128π129π-137π138π139π 124π127π128π-136π137π138π 
13 (149) 140π141π143π-152π153π154π 139π140π143π-152π154π155π 
14 (149) 143π144π145π-152π153π154π 135π141π143π-152π153π154π 
15 (149) 132π135π139π-152π153π154π 135π139π143π-152π153π154π 
16 (125) 111π119π120π-128π129π130π 111π119π120π-128π129π130π 
17 (133) 125π128π130π-136π137π138π 124π125π128π-136π137π138π 
18 (141) 132π133π134π-142π144π145π 132π133π134π-144π145π146π 
19 (141) 132π133π134π-144π145π157π 132π133π134π-144π145π146π 
20 (129) 121π122π124π-132π133π134π 115π122π124π-132π133π134π 
21 (141) 128π133π136π-142π143π144π 126π133π136π-144π145π146π 
22 (129) 115π123π125π-132π133π134π 115π123π125π-132π133π134π 
23 (129) 122π124π126π-132π133π134π 120π122π124π-132π133π134π 
24 (133) 119π124π128π-136π137π141π 118π119π128π-136π137π149π 
25 (141) 128π133π136π-142π143π144π 126π133π136π-144π145π146π 
26 (141) 125π127π132π-142π143π144π 127π132π135π-142π143π144π 
27 (129) 113π120π124π-132π133π134π 115π120π124π-132π134π142π 
28 (133) 118π126π128π-136π137π138π 118π126π128π-136π137π139π 
29 (133) 127π129π130π-136π137π138π 118π127π129π-138π139π148π 
30 (133) 126π129π130π-136π137π138π 118π126π129π-137π138π139π 

 
DISCUSSION 

 
Discussion of HT-29 results 

Beta values (Table 3) show that the importance of variables is 35
ES > 14η > 32Q > 4 ( 2)*NS LUMO + > 

33( )*NS LUMO >> 19µ > 1 ( 1)*NS LUMO + . Eq. 2 shows that a high antiproliferative capacity is associated with 

high numerical values of14η , low negative numerical values of 35
ES  and 19µ , and with a positive value of the net 

charge of atom 32. The nature of the contribution of the nucleophilic superdelocalizabilities will be discussed case 
by case. Table 17 shows the local molecular orbital structure of atoms 14 and 19 appearing only in Eq. 2. 
 

Atom 14 is a carbon in ring C (Fig. 2). 14η  is the local atomic hardness of atom 14 and corresponds to the 

HOMO14
*-LUMO14

* gap. Therefore, high values for this local reactivity index are obtained by enlarging the 
mentioned gap. From a strict theoretical point of view, this enlarging can be obtained by shifting downwards the 
HOMO14

* associated eigenvalue, by shifting upwards the LUMO14
* associated eigenvalue or by a combination of 

both procedures. If we examine Table 17, we can observe that in all molecules the LUMO14
* corresponds to the 

molecule’s LUMO. Table 17 shows also that in eight cases (molecules 9-12, 14 and 28-30) the local HOMO14
*  does 

not coincide with the molecular HOMO. Therefore, and as a preliminary hypothesis, we suggest that a better activity 
can be obtained by shifting downwards the HOMO14

* associated eigenvalue. This procedure leads to a lesser 
reactive HOMO14

*. If this is the case, then atom 14 should act as an electron acceptor center and interact with an 
electron donor center. Atom 33 is a carbon in ring E (Fig. 2). LUMO33

* is a π MO in all molecules (Table 16). If the 

numerical values of 33( )*NS LUMO  are positive, a low value is associated with high activity. This result is 

obtained by shifting upwards the LUMO33
* eigenvalue making the MO less reactive. For this reason, we suggest that 

atom 33 is interacting with an electron deficient center. Atom 35 is a carbon in ring E (Fig. 2). 35
ES  is always a 

negative number. As small negative values of this index are associated with high inhibitory activity, atom 35 should 
behave as an electron acceptor and interact with an electron rich center. Atom 32 is a carbon in ring E (Fig. 2). A 
positive net charge on this atom is related with high activity, suggesting that atom 32 is engaged in an electrostatic 
interaction with a negatively charged site. Atom 4 is a carbon in ring A (Fig. 2). The three highest occupied and the 

three lowest vacant local MOs are of π nature (Table 11). If the numerical values of 4 ( 2)*NS LUMO + are 
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positive, a high inhibitory activity is associated with high values of this index. High values are obtained by shifting 
downwards the MO energy making this MO more reactive. We suggest then that atom 4 is interacting with an 
electron rich center though the first three lowest vacant MOs. Atom 19 is the underlined carbon of the NC(X)NC(O) 
moiety linking rings C and D (Fig. 2, X=O or S).  
 

Table 17. Local molecular orbital structure of atoms 14 and 19 
 

Mol. Atom 14  (C) Atom 19 (C) 
1 (129) 127π128π129π-130π131π132π 118σ120σ124σ-130π131π132π 
2 (137) 135π136π137π-138π139π141π 124π126σ132π-138π139π144π 
3 (145) 143π144π145π-146π148π151π 132π134σ140π-146π148π152π 
4 (145) 143π144π145π-146π148π151π 134σ140π144σ-146π148π151π 
5 (133) 131π132π133π-134π135π137π 122σ128π132σ-134π135π138π 
6 (145) 143π144π145π-146π148π151π 132π134σ140π-146π148π151π 
7 (133) 131π132π133π-134π135π136π 122σ128π132σ-134π135π141π 
8 (133) 131π132π133π-134π135π137π 122σ128π132σ-134π135π138π 
9 (137) 133π135π136π-138π139π142π 124π125σ129σ-138π139π142π 
10 (145) 142π143π144π-146π147π150π 130π132π135σ-146π147π151π 
11 (145) 141π143π144π-146π147π150π 133π136σ140π-146π147π150π 
12 (133) 129π131π132π-134π135π136π 120σ121π123σ-134π135π136π 
13 (149) 147π148π149π-150π151π153π 139σ141σ143σ-150π151π153π 
14 (149) 145π146π147π-150π151π153π 132σ136π140σ-150π151π154π 
15 (149) 147π148π149π-150π151π154π 137π140σ142σ-150π151π154π 
16 (125) 123π124π125π-126π127π131π 114σ115π121σ-126π127π134π 
17 (133) 131π132π133π-134π135π139π 122π123σ129σ-134π135π143π 
18 (141) 139π140π141π-142π143π147π 130σ131σ137σ-142π143π144π 
19 (141) 139π140π141π-142π143π147π 130π131σ137σ-142π143π149π 
20 (129) 127π128π129π-130π131π135π 118π119σ125σ-130π131π132π 
21 (141) 139π140π141π-142π143π148π 130π131σ137σ-142π143π144π 
22 (129) 127π128π129π-130π131π135π 118σ119σ124σ-130π131π138π 
23 (129) 127π128π129π-130π131π134π 118σ119σ125σ-130π131π138π 
24 (133) 131π132π133π-134π135π139π 122σ123σ129σ-134π135π143π 
25 (141) 139π140π141π-142π143π148π 130π131σ137σ-142π143π144π 
26 (141) 139π140π141π-142π144π147π 130σ131σ137σ-142π144π145π 
27 (129) 127π128π129π-130π131π135π 118σ119σ125σ-130π131π138π 
28 (133) 120π131π132π-134π137π138π 122π123σ129σ-134π135π143π 
29 (133) 120π131π132π-134π137π138π 122π123σ128σ-134π135π143π 
30 (133) 120π131π132π-134π135π137π 122π123σ128σ-134π135π143π 

 
In the Pauling’s or Allen’s scales of electronegativity (EN) we have that EN(C) < EN(N) < EN(O). Therefore, it is 
expected that the net charge of atom 19 be positive. Table 17 shows three interesting facts. The first one is that 
LUMO19

* does coincide with the molecular LUMO and has a π nature in all molecules. The second fact is that 
HOMO19

* never coincides with the molecular HOMO. Also, in several cases it corresponds to occupied MOs with 
an energy located very far below from the HOMO energy. The last fact is that the nature of HOMO19

* can be π or σ. 

A high inhibitory activity is associated with low negative values of 19µ . Noting that this local reactivity index is the 

midpoint between the energies of HOMO19
* and LUMO19

*, low negative values are obtained by shifting upwards the 
HOMO19

* energy, shifting upwards the LUMO19
*  energy, or by a combination of both procedures. There is not a 

rigorous reason to select anyone of them. In the case when HOMO19
* is very close to the molecular HOMO, shifting 

upwards the HOMO19
* ’s energy will lead to a low negative value for19µ . In this case this MO will become more 

reactive. Table 7 shows that all the HOMO19
* meeting this condition have all a σ nature, and could be involved in σ-

σ or σ-π interactions. If we shift upwards the LUMO19
* energy, we are making this MO less prone to interact with an 

electron rich center. Now, if we consider that atom 19 has a positive net charge we expect that it interacts with an 
electron rich center or with a negatively charged moiety. For the moment, the method employed here does not allow 
us to carry out a deeper analysis. The situation is also complicated by the fact that this reactivity index has a very 
low p-value (Table 3). Atom 1 is a carbon in ring A (Fig. 2). The three highest occupied and the three lowest vacant 

local MOs are of π nature in all molecules (Table 11). If the numerical values of 1 ( 1)*NS LUMO + are positive, a 

high inhibitory activity is associated with high values of this index. Therefore we suggest that atom 1 is interacting 
with an electron rich center through the first two lowest vacant MOs. Despite the fact that this local reactivity index 

also has a low p-value (Table 3), and contrary to the case of19µ , we are able to propose a definite atom-site 

interaction. All the suggestions are shown in the partial planar (2D) pharmacophore of Fig. 7. 
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Figure 7. Partial 2D pharmacophore for the in vitro cell growth inhibition of the human HT29 cancer cell line 
 
We can see in Fig. 7 that practically all the common skeleton is involved in the antiproliferative effect. The fact that 
in rings A and E several indices appear is a strong indirect evidence that these rings could be involved in ring-ring 
(π-π) interactions with the site. No direct evidence of hydrogen bond formation was found. 
 
Discussion of MGC803 results 

Beta values (Table 5) show that the importance of variables is 35
ES >> 32

ES > 15( 1)*ES HOMO − >> 

25( 2)*NS LUMO + > 18( 1)*NS LUMO + > 23( 1)*NS LUMO + > 24( 1)*ES HOMO − . Eq. 2 shows that a high 

antiproliferative capacity is associated with high numerical values of 15( 1)*ES HOMO −  

and 24( 1)*ES HOMO − , and with low numerical values of35
ES  and 32

ES . The nature of the contribution of the 

nucleophilic superdelocalizabilities will be discussed case by case. Atom 35 is a carbon atom belonging to ring E. A 

low numerical value for 35
ES  suggests that this atom should behave as a bad electron donor. Therefore, we suggest 

that atom 35 is interacting with an electron rich center. Atom 32 is a carbon atom belonging to ring E. A low 

numerical value for 32
ES  suggests that this atom should behave as a bad electron donor. Therefore, we suggest that 

atom 32 is also interacting with an electron rich center. Atom 15 is a carbon atom belonging to ring C. High 

antiproliferative activity is associated with high negative values for15( 1)*ES HOMO − .  (HOMO-1)15
*  and 

HOMO-115
*  have a π nature in all molecules (Table 12). We suggest then that atom 15 is interacting with an electron 

deficient center. Atom 25 is a carbon atom belonging to ring D. If the numerical values of 25( 2)*NS LUMO +  are 

positive, then low values for this reactivity index are associated with high antiproliferative activity. Table 14 shows 

that the three lowest vacant local MOs are of π nature. Low values for 25( 2)*NS LUMO +  are obtained by shifting 

upwards the (LUMO+2)25
* energy or by diminishing the value of the associated Fukui index (i.e., by minimizing the 

localization of (LUMO+2)25
* on this atom). We think that this requirement could be due to the repulsive interaction 

of this specific MO with empty MOs of the site. Therefore, we suggest that atom 25 is interacting with an electron 
rich center through its first two vacant MOs. This is indirectly supported by the fact that the local HOMO 
corresponds in all cases to an occupied MO located far from the molecule’s HOMO. The analysis for the case of 
negative numerical values leads to an identical result. Atom 18 is the underlined nitrogen atom of the NC(X)NC(O) 
moiety linking rings C and D (Fig. 2). Table 13 shows that the first three lowest vacant MOs are of π nature. A high 

antiproliferative activity is associated with small values if 18( 1)*NS LUMO + is positive and with high negative 

values if 18( 1)*NS LUMO + is negative. In both cases this requirement is satisfied by shifting upwards the 

(LUMO+1)18
* energy and/or by diminishing the degree of localization of this MO on this atom. HOMO18

* can be of 
σ or π nature. Only with this available information we can suggest that atom 18 could be interacting with an electron 
rich center through its first vacant MO (LUMO18

*).  Note that we have included the local reactivity indices of H38 
(bonded to N18, Fig. 2) to explore the possibility of formation of a hydrogen bond, but no statistically significant 

index appeared in Eq. 2. Atom 23 is a carbon atom belonging to ring D. If the value of  23( 1)*NS LUMO +  is 

positive, a high antiproliferative activity is associated with low values for this index. Table 14 shows that the local 
HOMO*s do not coincide with the molecular HOMO in all the molecules. In the case of the local LUMO*s, they 
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coincide with the molecular LUMO. The first three occupied and the first three vacant MOs have all a π nature 
(Table 14). As discussed above this suggests that atom 23 is interacting with an electron rich moiety through its first 
vacant local MO and that possibly the second vacant MO is engaged in a repulsive interaction with empty MOs of 
the partner. Atom 24 is a carbon atom belonging to ring D. A high antiproliferative activity is associated with high 

negative values for24( 1)*ES HOMO − . Table 14 shows that the first three occupied and the first three vacant local 

MOs have all a π nature. Despite the fact that the local HOMO*s do not coincide with the molecular HOMO in all 
the cases analyzed here, we suggest that atom 24 is interacting with an electron deficient center through its first two 
highest occupied local MOs. All the suggestions are presented in the partial 2D pharmacophore of Fig. 8. 
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Figure 8. Partial 2D pharmacophore for the in vitro cell growth inhibition of the human MGC803 cancer cell line 
 
We can see that LARIs belonging to rings A and B do not appear. This does not mean that there rings do not interact 
with the site. The presence of several LARISs of rings D and E is, as we said before, an indirect evidence that these 
rings could be involved in ring-ring (π-π) interactions with the site. No direct evidence of hydrogen bond formation 
was found. 
 
Discussion of MKN45 results 

Beta values (Table 7) show that the importance of variables is 35
ES > 13( 1)*NS LUMO + > 27( 2)*NS LUMO + > 

25( 1)*ES HOMO − > 24( 1)*ES HOMO − > 11( 2)*NS LUMO + > 31( 1)*NS LUMO + > 21( 1)*ES HOMO − . 

Eq. 3 shows that a high antiproliferative capacity is associated with great negative values for25( 1)*ES HOMO − , 

24( 1)*ES HOMO −  and 21( 1)*ES HOMO − ; and with small negative values for35
ES . The nature of the 

contribution of the nucleophilic superdelocalizabilities will be discussed case by case. Atom 13 is a carbon atom 
belonging to ring C (Fig. 2). Table 12 shows that the three highest occupied and the three lowest vacant MOs have a 

π nature. If the values of 13( 1)*NS LUMO + are positive, a high antiproliferative activity is associated with great 

numerical values for this index. High values are obtained by shifting downwards the (LUMO+1)13
* energy, making 

this MO more reactive. Therefore, we suggest that atom 13 is interacting with an electron rich center through its first 

two vacant MOs. For negative values of 13( 1)*NS LUMO +  the analysis leads to the same conclusion. Atom 35 is 

a carbon atom belonging to ring E (Fig. 2). A high antiproliferative activity is associated with low negative 
numerical values for this index (let us remember that the total atomic electrophilic superdelocalizability is always 
negative for closed shell, neutral molecules). Therefore, we suggest that atom 35 is interacting with an electron rich 

center. Atom 27 is a carbon atom belonging to ring D (Fig. 2). If the values of  27( 2)*NS LUMO +  are positive, a 

high antiproliferative activity is associated with low numerical values for this index. This means that (LUMO+2)27
*  

seems to be engaged in a repulsive interaction with vacant MOs of the partner. Table 15 shows that the three highest 
occupied and the three lowest vacant MOs have a π nature. We suggest that atom 27 is engaged in an interaction 
with an electron rich center through its first two lowest vacant MOs. This is indirectly supported by the fact that 
(HOMO)27

* does not coincide with the molecular HOMO, making it difficult that atom 27 acts as an electron donor. 
Atom 25 is a carbon atom belonging to ring D (Fig. 2). A high antiproliferative activity is associated with great 

negative values for25( 1)*ES HOMO − . Table 14 shows that the three highest occupied and the three lowest vacant 

local MOs have a π nature. Therefore, it is suggested that atom 25 interacts with an electron deficient center through 
its first two highest occupied local MOs. Atom 24 is a carbon atom belonging to ring D (Fig. 2). A high 

antiproliferative activity is associated with great negative values for24( 1)*ES HOMO − . Table 14 shows that the 
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three highest occupied and the three lowest vacant local MOs have a π nature. Therefore, we suggest that atom 24 
interacts with an electron deficient center through its first two highest occupied local MOs. Atom 31 is a carbon 
atom belonging to ring E (Fig. 2). Table 16 shows that the three highest occupied and the three lowest vacant local 

MOs have a π nature. If the values of 31( 1)*NS LUMO +  are positive, a high antiproliferative activity is associated 

with high numerical values for this index. This, in turn, makes (LUMO+1)31
* more reactive. Then, atom 31 seems to 

interact with an electron rich center. Atom 11 is a carbon atom belonging to ring C (Fig. 2). If the values of 

11( 2)*NS LUMO +  are positive, then a high antiproliferative activity is associated with small values for this index. 

This suggests that (LUMO+2)11
* is engaged in a repulsive interactions with vacant MOs of the partner. On the other 

hand, Table 11 shows that the three highest occupied and the three lowest vacant local MOs have a π nature and that 
the local frontier MOs coincide with the molecular ones. A preliminary suggestion is that atom 11 interacts with an 
electron rich site through its first two lowest vacant MOs. Atom 21 is the underlined oxygen atom of the 
NC(X)NC(O) moiety linking rings C and D (Fig. 2). Table 13 shows that the three highest occupied and the three 
lowest vacant local MOs have a π nature. A high antiproliferative activity is associated with great (negative) values 

of 21( 1)*ES HOMO − . This is a hint allowing us to suggest that atom 21 is interacting with an electron deficient 

center through its first two highest occupied local MOs. All the suggestions are presented in the partial 2D 
pharmacophore of Fig. 9. 
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Figure 9. Partial 2D pharmacophore for the in vitro cell growth inhibition of the human MKN45 cancer cell line 
 
We can see that LARIs belonging to rings A and B do not appear like in the MGC803 case. Here we also find 
indirect evidence of ring-ring (π-π) interactions in the case of rings C, D and E. No direct evidence of hydrogen 
bond formation was found. 
 
Discussion of SW620 results 

Beta values (Table 9) show that the importance of variables is 32Q > 17( )*NS LUMO > 34µ > 

12( 2)*ES HOMO − > 31( )*F LUMO > 32( )*F LUMO . Eq. 4 shows that a high antiproliferative capacity is 

associated with a positive net charge on atom 32, great negative values for 34µ  and 12( 2)*ES HOMO − , great 

positive values for 31( )*F LUMO  and small positive values for 32( )*F LUMO . Eq. 4 shows that a high 

antiproliferative activity is associated with a positive net charge on atom 32, suggesting that atom is engaged in an 
electrostatic interaction with a negatively charged site. Note that Table 15 shows that the local HOMO*s are far 
below the molecular HOMO. Atom 17 is the underlined carbon atom of the NC(X)NC(O) moiety linking rings C 
and D (Fig. 2). Table 13 shows that that the three highest occupied and the three lowest vacant local MOs have a π 

nature. If 17( )*NS LUMO  is positive, then a high antiproliferative activity is associated with high values for this 

index. Therefore, we suggest that atom 17 is interacting with an electron rich center through its first lowest vacant 
local MO. Atom 34 is a carbon atom belonging to ring E (Fig. 2). Table 16 shows that the three highest occupied 
and the three lowest vacant local MOs have a π nature. A high antiproliferative activity is associated with great 

negative values for 34µ . For this reason it is suggested that atom 34 is interacting with an electron rich center with at 

least its lowest vacant local MO. Atom 12 is a carbon atom belonging to ring C (Fig. 2). Table 12 shows that the 
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three highest occupied and the three lowest vacant local MOs have a π nature. A high antiproliferative activity is 

associated with higher (negative) values of12( 2)*ES HOMO − . We suggest then that atom 12 is interacting with an 

electron deficient center with, at least, its three highest occupied local MOs. Atom 31 is a carbon atom belonging to 
ring E (Fig. 2). Table 15 shows that the three highest occupied and the three lowest vacant local MOs have a π 

nature.  A high antiproliferative activity is associated with high values of 31( )*F LUMO  (the Fukui index is 

always greater than zero [75]). This allow us to suggest that atom 31 is interacting with an electron rich center 
through its first lowest vacant local MO. Atom 32 is a carbon atom belonging to ring E (Fig. 2). Table 15 shows that 
the three highest occupied and the three lowest vacant local MOs have a π nature. A high antiproliferative activity is 

associated with low values of32( )*F LUMO . This suggests that LUMO32
* is engaged in a repulsive interaction 

with a vacant MO of the site. Our preliminary suggestion is that atom 32 is interacting with an electron deficient 

center. This is contradictory with the requirement for 32Q . Considering the low p-value associated to 

32( )*F LUMO  we shall not consider this possibility. All the suggestions are displayed in the partial 2D 

pharmacophore of Fig. 10. 
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Figure 10. Partial 2D pharmacophore for the in vitro cell growth inhibition of the human SW620 cancer cell line 
 
Again, LARIs belonging to rings A and B do not appear. In this case there is indirect evidence of a ring-ring (π-π) 
interaction is found for ring E. No direct evidence of hydrogen bond formation was found. 
 
The substituent effects are of three kinds. The first one is the so-called orientational effect of the substituent, having 
not electronic components, and developed directly from the molecular rotational partition function [39]. This 
orientational effect influences the distribution of the molecule’s rotation velocity (in a classical temperature-
dependent distribution scheme) and how the molecule rotates about its three principal axis of rotation. The second 
kind corresponds to concepts such as resonance and inductive effects, developed by XX century organic chemistry. 
The third one is more subtle and is related to the form of the solutions of the Hartree-Fock and Kohn-Sham 
equations. These equations provide molecular orbital structures in terms of a linear combination of atomic orbitals 
(AO). The set of AOs employed (i.e., the basis set) may vary considerably. For example, if we change a methyl by 
an ethyl substituent we shall introduce more atomic orbitals and more molecular orbitals will appear in the final 
results. The question is that in the case of big molecules (such as the ones analyzed in this paper) changing a given 
substituent by another similar may change, not only the nature of the molecular orbitals close to the frontier ones 
(HOMO and LUMO), but the localization of some of them. This is the reason why we include in the LMRA at least 
the three highest occupied and the three lowest vacant local MOs [37, 38]. Regarding the second kind of substituent 
effects, we are sure that they can be explained through quantum chemistry studies with local atomic reactivity 
indices and that one day their unique use will be only for teaching. The paper reporting the measured 
antiproliferative activities could be taken as an example containing quite primitive statements to design molecules. 
“To further improve the activity by altering the distribution of electrons in ring B, we incorporated the methyl group 
but this attempt was a failure” and “however, the trend was not sustained, as other disubstituted analogues were 
either less potent or inactive” are good examples. We think that if after measuring the activities, a full quantum-
chemical analysis were performed, probably new similar compounds with improved activity will see the light of 
day. On the other hand, the question of obtaining the LARIs deserves some words. We normally use Mulliken’s 
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population analysis results after correcting them to eliminate negative electron populations or MO populations 
greater than 2 [71]. Any other population analysis scheme can be used. Finally, the question of knowing if the role 
of the C-E rings connector is the same for all the cases analyzed here cannot be fully answered. 
 
In summary, we have found statistically significant equations relating electronic structure with antiproliferative 
activity in four cancer cell lines. The corresponding 2D pharmacophores are built and some ring-ring interactions are 
suggested. The analysis of the equations and the pharmacophores should provide information about new possible 
substitution sites. 
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