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ABSTRACT 
 
Here we present the results of a study relating molecular/electronic structure with cytotoxicity for a series of β-
carboline-dithiocarbamate derivatives against four tumoral cell lines. The electronic structure of all systems was 
calculated at the B3LYP/6-31G(d,p) level with full geometry optimization. Statistically significant results were 
obtained for all tumoral cell lines. The analysis of the proposed pharmacophores allows identifying several atoms 
that can be used as targets for substitution and control of cytotoxicity. 
 
Keywords: β-carboline-dithiocarbamate derivatives, β-carboline, QSAR, DFT, KPG model, DU-145, MCF-7, 
A549, HeLa, cytotoxicity, tumor cells. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

In general terms, cytotoxicity is the capacity of being toxic to cells. Cells exposed to a cytotoxic compound may 
suffer necrosis (they lose membrane integrity and die quickly as a consequence of cell lysis), they can halt growing 
and dividing or they can trigger a genetic program leading to cell death (apoptosis). Chemotherapy frequently 
depends on the ability of cytotoxic agents to kill or harm tumor cells. Throughout the previous years an intensive 
research has been carried out on the antitumor/cytotoxic/proapoptotic properties of numerous molecular systems on 
a variety of cancer cell lines [1-29].  
 
In this paper we present the results of an analysis between the electronic and conformational properties of a series of 
β-carboline-dithiocarbamate derivatives and their cytotoxic activity against four tumoral cell lines. Besides the 
knowledge of the electronic foundations of cytotoxicity in this series, the resulting reactivity indices are being 
incorporated into a large database for further numerical analysis. 
 

MATERIALS AND METHODS 
 

The method [30]. 
Since the formal model employed here has been presented in numerous papers [31-39], we shall present here only its 
key lines of development and discuss below only the results obtained here. Starting from the statistical-mechanical 
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definition of the equilibrium constant, an expression linking any biological activity with several local atomic 
reactivity indices and orientational parameters was established. This model, called the Klopman-Peradejordi-Gómez 
model (KPG), is the only member of the class of formal models. Its application to quite a lot of diverse molecules 
and receptors gave very good results (see [39-55] and references therein). Its extension to all types of biological 
activities was very successful (see [54, 56-69] and references therein). 
 
Selection of molecules and biological activities. 
The selected molecules are a group of β-carboline-dithiocarbamate derivatives selected from a recent study [70]. 
The reported activities selected for this study are the cytotoxicities against prostatic cancer (DU-145), breast cancer 
(MCF-7), human lung adenocarcinoma (A549) and cervical cancer (HeLa) cell lines. Cytotoxicity was reported as 
the 50% inhibitory concentration after 48 h of drug treatment (IC50, MTT assay). The general formula of molecules 
is shown in Fig. 1 and Table 1. The experimental cytotoxicities are displayed in Table 2. 
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Figure 1. General formulas of β-carboline-dithiocarbamate derivatives 
 

Table 1. β-carboline-dithiocarbamate derivatives 
 

Mol. R1 R2 R3 R4 R5 
1 OMe OMe OMe Me H 
2 OMe OMe OMe CH2CH(CH2) H 
3 OMe OMe OMe CH2(C6H5) H 
4 H OMe H Me H 
5 H OMe H CH2CH(CH2) H 
6 H OMe H CH2(C6H5) H 
7 H CF3 H Me H 
8 H CF3 H CH2CH(CH2) H 
9 H CF3 H CH2(C6H5) H 
10 H F H Me H 
11 H F H CH2CH(CH2) H 
12 H F H CH2(C6H5) H 
13 OMe OMe OMe Me Me 
14 OMe OMe OMe CH2CH(CH2) Me 
15 OMe OMe OMe CH2(C6H5) Me 
16 H OMe H Me Me 
17 H OMe H CH2CH(CH2) Me 
18 H OMe H CH2(C6H5) Me 
19 H CF3 H Me Me 
20 H CF3 H CH2CH(CH2) Me 
21 H CF3 H CH2(C6H5) Me 
22 H F H Me Me 
23 H F H CH2CH(CH2) Me 
24 H F H CH2(C6H5) Me 
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Table 2. Cytotoxicity of the β-carboline-dithiocarbamate derivatives 
 

Mol. log(IC50) 
A549 

log(IC50) 
MCF-7 

log(IC50) 
DU-145 

log(IC50) 
HeLa 

1 0.91 0.95 0.75 1.05 
2 1.11 1.20 1.14 1.37 
3 1.44 1.41 1.24 1.16 
4 0.90 0.93 0.06 0.89 
5 1.71 1.59 1.67 1.77 
6 1.25 1.00 1.14 1.38 
7 1.23 1.20 0.98 1.10 
8 1.27 1.04 0.89 1.03 
9 0.97 1.09 0.77 0.60 
10 0.64 0.39 0.13 0.54 
11 1.22 0.82 0.60 0.65 
12 1.60 0.87 0.57 0.58 
13 1.10 1.18 0.79 1.23 
14 1.26 1.31 1.29 1.30 
15 1.15 1.14 1.03 1.09 
16 0.71 0.18 0.15 0.41 
17 1.00 0.51 0.40 0.92 
18 0.96 0.53 0.84 1.14 
19 0.55 0.04 -0.10 0.17 
20 0.63 0.68 0.30 0.67 
21 0.71 0.63 0.32 0.68 
22 0.75 0.27 0.16 0.38 
23 0.78 0.48 0.46 0.41 
24 0.83 0.44 0.68 0.50 

 
Calculations. 
The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the 
B3LYP/6-31g(d,p) level with full geometry optimization. The Gaussian suite of programs was used [71]. All the 
information needed to calculate numerical values for the local atomic reactivity indices was obtained from the 
Gaussian results with the D-Cent-QSAR software [72]. All the electron populations smaller than or equal to 0.01 e 
were considered as zero [31]. Negative electron populations coming from Mulliken Population Analysis were 
corrected as usual [73]. As the resolution of the system of linear equations is not possible because we have not 
sufficient molecules, we employed Linear Multiple Regression Analysis (LMRA) techniques to find the best 
solution. For each case, a matrix containing the dependent variable (the biological activity of each case) and the 
local atomic reactivity indices of all atoms of the common skeleton as independent variables was built. The 
Statistica software was used for LMRA [74].  
 
We worked within the common skeleton approximation stating that there is a collection of atoms, common to all 
molecules analyzed, that accounts for virtually all the biological activity. The action of the substituents consist on 
the modification of the electronic structure of the common skeleton and the influence on the right alignment of the 
drug through the orientational parameters. It is hypothesized that diverse parts or this common skeleton accounts for 
almost all the interactions leading to the expression of a given biological activity. The common skeleton for the 
dithiocarbamate linked β-carboline derivatives is shown in Fig. 2. 
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Figure 2. Common skeleton of β-carboline-dithiocarbamate derivatives 
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RESULTS 
 

Cytotoxicity against the A549 cell line. 
The best equation obtained was: 

50 5 13 15

1 15 14

log( ) 23.95 205.40 2.43 ( )* 1.41 ( 2)*

0.007 ( 1)* 0.03 ( 1)* 4.93 ( 1)*N N

IC Q F HOMO F HOMO

S LUMO S LUMO F LUMO

= − − + − − +

+ + − + − +
      (1) 

 
with n=24, R=0.95, R2=0.90, adj-R2=0.86, F(6,17)=25.50 (p<0.0001) and SD=0.11. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here, 5Q  is the net charge of atom 5, 13( )*F HOMO  is the electron 

population (Fukui index) of the highest occupied (local) MO localized on atom 13, 15( 2)*F HOMO −  is the 

Fukui index of the third highest occupied MO localized on atom 15, 1 ( 1)*NS LUMO + is the nucleophilic 

superdelocalizability of the second lowest empty MO localized on atom 1, 15 ( 1)*NS LUMO +  is the nucleophilic 

superdelocalizability of the second lowest vacant MO localized on atom 15 and 14( 1)*F LUMO +  is the Fukui 

index of the second lowest vacant MO localized on atom 14. Tables 3 and 4 show the beta coefficients, the results of 
the t-test for significance of coefficients and the matrix of squared correlation coefficients for the variables of Eq. 1. 
There are no significant internal correlations between independent variables (Table 4). Figure 3 displays the plot of 
observed vs. calculated log(IC50). 
 

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

 
Beta t(17) p-level 

5Q  -0.79 -9.50 <0.000001 

13( )*F HOMO  0.32 3.67 <0.002 

15( 2)*F HOMO −  -0.41 -5.04 <0.0001 

1 ( 1)*NS LUMO +  0.43 4.67 <0.0002 

15( 1)*NS LUMO +  -0.36 -4.41 <0.0004 

14( 1)*F LUMO +  -0.25 -2.97 <0.009 

 
Table 4. Matrix of squared correlation coefficients for the variables in Eq. 1 

 

 5Q  13( )*F HOMO  15( 2)*F HOMO −  
1 ( 1)*NS LUMO +  

15( 1)*NS LUMO +  

13( )*F HOMO  0.006 1    

15( 2)*F HOMO −  0.03 0.008 1   

1 ( 1)*NS LUMO +  0.002 0.19 0.01 1  

15( 1)*NS LUMO +  0.0009 0.0001 0.008 0.08 1 

14( 1)*F LUMO +  0.11 0.02 0.04 0.0004 0.0009 
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Figure 3. Plot of predicted vs. observed log(IC50) values (Eq. 1). Dashed lines denote the 95% confidence interval 

 
The associated statistical parameters of Eq. 1 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of six local atomic reactivity indices of atoms of the common skeleton 
explains about 86% of the variation of log(IC50) in this group of β-carboline-dithiocarbamate derivatives. Figure 3, 
spanning about 1.6 orders of magnitude, shows that there is a good correlation of observed versus calculated values 
and that almost all points are inside the 95% confidence interval. This can be considered as an indirect evidence that 
the common skeleton hypothesis works relatively well for this set of molecules. 
 
A noteworthy point to comment on is the following. When a local atomic reactivity index of an inner occupied MO 
(i.e., HOMO-1 and/or HOMO-2) or of a higher vacant MO (LUMO+1 and/or LUMO+2) appears in any equation, 
this means that the remaining of the upper occupied MOs (for example, if HOMO-2 appears, upper means HOMO-1 
and HOMO) or the remaining of the empty MOs (for example, if LUMO+1 appears, lower means the LUMO) 
contribute to the interaction. Their absence in the equation only means that the variation of their numerical values 
does not account for the variation of the numerical value of the biological property. 
 
Cytotoxicity against the MCF-7 cell line. 
The best equation obtained was: 

50 21 5

1 7 12

log( ) 0.44 9.95 2.46 ( 2)*

4.03 ( 1)* 1.95 ( 1)* 0.19 ( 1)*E E

IC Q F LUMO

F HOMO S HOMO S HOMO

= − − − + +

+ − + − + −
          (2) 

 
with n=23, R=0.97, R2=0.93, adj-R2=0.91, F(5,17)=48.03 (p<0.00001) and SD=0.12. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here, 21Q  is the net charge of atom 21, 5( 2)*F LUMO +  is the Fukui 

index of the third lowest vacant MO localized on atom 5, 1( 1)*F HOMO −  is the Fukui index of the second 

highest occupied MO localized on atom 1, 7 ( 1)*ES HOMO −  is the total atomic electrophilic superdelocalizability 

of the second highest occupied MO localized on atom 7 and 12( 1)*ES HOMO − is the total atomic electrophilic 

superdelocalizability of the second highest occupied MO localized on atom 12. Tables 5 and 6 show the beta 
coefficients, the results of the t-test for significance of coefficients and the matrix of squared correlation coefficients 
for the variables of Eq. 2. There is a significant internal correlation between a couple of independent variables 

( 7 ( 1)*ES HOMO −  and 1( 1)*F HOMO − , see Table 6). This indicates that we must take with caution the values 

of the associated statistical parameters of Eq. 2. Figure 4 displays the plot of observed vs. calculated log(IC50). 
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Table 5. Beta coefficients and t-test for significance of coefficients in Eq. 2 
 

 
Beta t(17) p-level 

21Q  -0.82 -10.45 <0.000001 

5( 2)*F LUMO +  -0.37 -5.03 <0.0001 

1( 1)*F HOMO −  0.59 6.41 <0.000006 

7 ( 1)*ES HOMO −  0.38 4.15 <0.0007 

12( 1)*ES HOMO −  0.18 2.44 <0.03 

 
Table 6. Matrix of squared correlation coefficients for the variables in Eq. 2 

 

 21Q  5( 2)*F LUMO +  1( 1)*F HOMO −  7 ( 1)*ES HOMO −  

5( 2)*F LUMO +  0.10 1   

1( 1)*F HOMO −  0.17 0.22 1  

7 ( 1)*ES HOMO −  0.26 0.16 0.46 1 

12( 1)*ES HOMO −  0.22 0.01 0.18 0.12 
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Figure 4. Plot of predicted vs. observed log(IC50) values (Eq. 2). Dashed lines denote the 95% confidence interval 
 
The associated statistical parameters of Eq. 2 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of five local atomic reactivity indices of atoms of the common skeleton 
explains about 91% of the variation of log(IC50) in this group of β-carboline-dithiocarbamate derivatives. Figure 4, 
spanning about 2 orders of magnitude, shows that there is a good correlation of observed versus calculated values 
and that almost all points are inside the 95% confidence interval. This can be considered as an indirect evidence that 
the common skeleton hypothesis works relatively well for this set of molecules. 
 
Cytotoxicity against the DU-145 cell line. 
The best equation obtained was: 

50 25 17 1

23 22 16

log( ) 1.22 0.84 ( 2)* 2.72 ( 2)* 2.70 ( 1)*

0.11 ( 1)* 0.59 ( 1)* 0.005 ( 2)*N E N

IC F LUMO F LUMO F LUMO

S LUMO S HOMO S LUMO

= − + − + + + +

+ + + − − +
 (3) 
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with n=24, R=0.96, R2=0.92, adj-R2=0.89, F(6,17)=30.77 (p<0.00001) and SD=0.15. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here, 25( 2)*F LUMO +  is the Fukui index of the third lowest vacant MO 

localized on atom 25, 17( 2)*F LUMO +  is the Fukui index of the third lowest vacant MO localized on atom 17, 

1( 1)*F LUMO +  is the Fukui index of the second lowest vacant MO localized on atom 1, 23( 1)*NS LUMO +  is 

the nucleophilic superdelocalizability of the second lowest vacant MO localized on atom 23, 22( 1)*ES HOMO −  is 

the electrophilic superdelocalizability of the second highest occupied MO localized on atom 22 and 

16( 2)*NS LUMO +  is the nucleophilic superdelocalizability of the third lowest vacant MO localized on atom 16. 

Tables 7 and 8 show the beta coefficients, the results of the t-test for significance of coefficients and the matrix of 
squared correlation coefficients for the variables of Eq. 3. There is a significant internal correlation between a couple 

of independent variables (23( 1)*NS LUMO +  and 25( 2)*F LUMO + , see Table 8). This indicates that we must 

take with caution the values of the associated statistical parameters of Eq. 3. Figure 5 displays the plot of observed 
vs. calculated log(IC50). 
 

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

 
Beta t(17) p-level 

25( 2)*F LUMO +  -0.39 -4.09 <0.0008 

17( 2)*F LUMO +  -0.29 -3.75 <0.002 

1( 1)*F LUMO +  0.63 7.25 <0.000001 

23( 1)*NS LUMO +  0.44 4.19 <0.0006 

22( 1)*ES HOMO −  0.29 3.46 <0.003 

16( 2)*NS LUMO +  -0.21 -2.83 <0.01 

 
Table 8. Matrix of squared correlation coefficients for the variables in Eq. 3 

 

 25( 2)*F LUMO +  
17( 2)*F LUMO +  

1( 1) *F LUMO +  
23( 1)*NS LUMO +  

22( 1)*ES HOMO −  

17( 2)*F LUMO +  0.0004 1    

1( 1)*F LUMO +  0.02 0.01 1   

23( 1)*NS LUMO +  0.41 0.03 0.14 1 

22( 1)*ES HOMO −  0.06 0.05 0.16 0.10 1 

16( 2)*NS LUMO +  0.01 0.006 0.0001 0.05 0.03 
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Figure 5. Plot of predicted vs. observed log(IC50) values (Eq. 3). Dashed lines denote the 95% confidence interval 
 
The associated statistical parameters of Eq. 3 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of six local atomic reactivity indices of atoms of the common skeleton 
explains about 89% of the variation of log(IC50) in this group of β-carboline-dithiocarbamate derivatives. Figure 5, 
spanning about 2 orders of magnitude, shows that there is a good correlation of observed versus calculated values 
and that almost all points are inside the 95% confidence interval. This can be considered as an indirect evidence that 
the common skeleton hypothesis works relatively well for this set of molecules. 
 
Cytotoxicity against the HeLa cell line. 
The best equation obtained was: 

50 6 17

15 22 12

log( ) 0.78 1.77 ( 1)* 0.04 ( 1)*

2.68 ( 1)* 0.55 ( 1)* 2.13 ( 2)*

E N

E

IC S HOMO S LUMO

F LUMO S HOMO F LUMO

= − − − + −

− + + − − +
         (4) 

 
with n=24, R=0.95, R2=0.91, adj-R2=0.88, F(5,18)=35.04 (p<0.00001) and SD=0.14. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here, 15( 1)*F LUMO +  is the Fukui index of the second lowest vacant 

MO localized on atom 15, 12( 2)*F LUMO +  is the Fukui index of the third lowest vacant MO localized on atom 

12, 6 ( 1)*ES HOMO −   is the electrophilic superdelocalizability of the second highest occupied MO localized on 

atom 6, 22( 1)*ES HOMO −  is the electrophilic superdelocalizability of the second highest occupied MO localized 

on atom 22 and 17( 1)*NS LUMO +  is the nucleophilic superdelocalizability of the second lowest vacant MO 

localized on atom 17. Tables 9 and 10 show the beta coefficients, the results of the t-test for significance of 
coefficients and the matrix of squared correlation coefficients for the variables of Eq. 4. There are no significant 
internal correlations between independent variables (Table 10). Figure 6 displays the plot of observed vs. calculated 
log(IC50). 
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Table 9. Beta coefficients and t-test for significance of coefficients in Eq. 4 
 

 
Beta t(18) p-level 

6 ( 1)*ES HOMO −  -0.80 -10.15 <0.000000 

17( 1)*NS LUMO +  -0.58 -6.63 <0.000003 

15( 1)*F LUMO +  -0.49 -5.72 <0.00002 

22( 1)*ES HOMO −  0.31 3.94 <0.001 

12( 2)*F LUMO +  -0.21 -2.67 <0.02 

    

 
Table 10. Matrix of squared correlation coefficients for the variables in Eq. 4 

 

 6 ( 1)*ES HOMO −  17( 1)*NS LUMO +  15( 1)*F LUMO +  
22( 1)*ES HOMO −  

17( 1)*NS LUMO +  0.14 1 0 0 

15( 1)*F LUMO +  0.07 0.26 1 0 

22( 1)*ES HOMO −  0.004 0.01 0.04 1 

12( 2)*F LUMO +  0.0001 0.01 0.01 0.09 
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Figure 6. Plot of predicted vs. observed log(IC50) values (Eq. 4). Dashed lines denote the 95% confidence interval 
 
The associated statistical parameters of Eq. 4 indicate that this equation is statistically significant and that the 
variation of the numerical values of a group of five local atomic reactivity indices of atoms of the common skeleton 
explains about 88% of the variation of log(IC50) in this group of β-carboline-dithiocarbamate derivatives. Figure 6, 
spanning about 1.8 orders of magnitude, shows that there is a good correlation of observed versus calculated values 
and that almost all points are inside the 95% confidence interval. This can be considered as an indirect evidence that 
the common skeleton hypothesis works relatively well for this set of molecules. 
 
Local Molecular Orbitals. 
Tables 11-14 show the local MO structure of atoms appearing in Eqs. 1-4 (see Fig. 2). Nomenclature: Molecule 
(HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*. 
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Table 11. Local molecular orbital structure of atoms 1, 5, 6 and 7 
 

Mol. Atom 1 (C) Atom 5 (C) Atom 6 (C) Atom 7 (C) 

1 (119) 115π116π119π-121π122π123π 115π116π119π-120π121π122π 
108π109π114π-
120π122π123π 

115π116π119π-
120π122π123π 

2 (126) 123π124π126π-128π129π131π 123π124π126π-127π128π129π 
114π115π121π-
127π129π130π 

122π123π126π-
127π129π131π 

3 (139) 135π136π139π-142π143π145π 135π136π139π-140π141π142π 
126π127π134π-
140π142π143π 

135π136π139π-
140π142π143π 

4 (103) 100π102π103π-106π108π109π 100π102π103π-104π106π107π 92π 94π 99π-104π106π107π 
100π102π103π-
104π106π108π 

5 (110) 106π107π110π-113π116π117π 106π107π110π-111π113π114π 98π100π106π-111π113π115π 
106π107π110π-
111π113π116π 

6 (123) 120π122π123π-125π126π127π 120π122π123π-124π125π126π 
110π112π119π-
124π126π127π 

120π122π123π-
124π126π127π 

7 (111) 108π109π110π-113π116π117π 108π109π110π-112π113π115π 
102π103π108π-
112π113π115π 

108π109π110π-
112π113π116π 

8 (118) 115π116π117π-120π123π124π 115π116π117π-119π120π122π 
108π109π115π-
119π120π122π 

115π116π117π-
119π120π125π 

9 (131) 128π129π130π-133π137π139π 128π129π130π-132π133π135π 
120π121π128π-
132π133π135π 

128π129π130π-
132π133π137π 

10 (99) 96π97π98π-101π103π104π 96π97π98π-100π101π103π 90π91π96π-100π101π103π 96π97π98π-100π101π104π 

11 (106) 104π105π106π-108π110π112π 104π105π106π-107π108π110π 96π 97π103π-107π108π110π 
103π104π105π-
107π108π112π 

12 (119) 116π117π118π-121π124π126π 116π117π118π-120π121π124π 
108π109π116π-
120π121π124π 

116π117π118π-
120π121π126π 

13 (123) 119π120π123π-126π127π128π 
119π120π123π-124π126π 

127π 
112π113π118π-
124π126π127π 

119π120π123π-
124π126π127π 

14 (130) 126π127π130π-133π135π136π 126π127π130π-131π133π134π 
118π119π125π-
131π133π134π 

126π127π130π-
131π133π135π 

15 ( 
143) 

140π141π143π-145π147π149π 140π141π143π-144π145π146π 
130π131π138π-
144π147π149π 

139π140π143π-
144π145π147π 

16 (107) 104π106π107π-110π112π113π 104π106π107π-108π110π112π 98π99π103π-108π110π112π 
103π104π107π-
108π110π112π 

17 (114) 110π111π114π-117π120π121π 110π111π114π-115π117π119π 
101π104π110π-
115π117π119π 

110π111π114π-
115π117π120π 

18 (127) 124π126π127π-130π131π134π 124π126π127π-128π130π131π 
116π117π123π-
128π130π131π 

124π126π127π-
128π130π131π 

19 (115) 112π113π114π-117π120π121π 112π113π114π-116π117π121π 
106π107π112π-
116π117π120π 

112π113π114π-
116π117π120π 

20 (122) 120π121π122π-124π127π128π 120π121π122π-123π124π128π 
112π113π119π-
123π124π127π 

119π120π121π-
123π124π129π 

21 (135) 132π133π134π-137π141π143π 132π133π134π-136π137π141π 
124π125π132π-
136π137π140π 

132π133π134π-
136π137π141π 

22 (103) 101π102π103π-105π108π109π 101π102π103π-104π105π106π 94π95π100π-104π105π106π 
101π102π103π-
104π105π108π 

23 (110) 108π109π110π-112π113π116π 108π109π110π-111π112π113π 
100π101π107π-
111π112π113π 

108π109π110π-
111π112π113π 

24 (123) 121π122π123π-125π127π130π 121π122π123π-124π125π126π 
112π113π120π-
124π125π127π 

120π122π123π-
124π125π127π 
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Table 12. Local molecular orbital structure of atoms 12, 13, 14 and 15 
 

Mol. Atom 12 (N) Atom 13 (C) Atom 14 (C) Atom 15 (N) 

1 (119) 114π116σ119π-120π122π123π 
115π116π119π-
120π121π122π 

113σ117σ118σ-
122σ123σ126σ 

113π117π119π-
121σ122π128σ 

2 (126) 123σ124π126π-127π128π129π 
123π124π126π-
127π128π129π 

119σ120σ125σ-
129π130σ131σ 

120π124π126π-
128π129π131σ 

3 (139) 134π136σ139π-140π142π145π 
130σ135π139π-
140π142π143π 

130σ137σ138σ-
142σ145σ148σ 

133π137π139σ-
141π142σ144π 

4 (103) 100π102π103π-104π106π108π 
100π102π103π-
104π106π111π 

98σ101σ102σ-106π108π110σ 
101π102σ103σ-
105π112σ134σ 

5 (110) 107π108π110π-111π113π115π 
107π109π110π-
111π113π119π 

103σ105σ109σ-
112σ113π115π 

108σ109σ110σ-
112σ113σ118σ 

6 (123) 119π120π122π-124π126π130π 
120π122π123π-
124π125π126π 

114σ115σ122σ-
126σ130π132σ 

121π122σ123σ-
125π126π129π 

7 (111) 105σ106π108π-112π113π116π 
106π109π110π-
112π113π116π 

107σ110σ111σ-
116π117π118σ 

109π110π111σ-
114π120σ130σ 

8 (118) 113π115π116π-119π120π123π 
113π116π117π-
119π120π123π 

114σ117σ118σ-
123π125σ127σ 

116π117π118σ-
121π127σ137σ 

9 (131) 124π128π129π-132π133π137π 
124π129π130π-
132π133π137π 

123σ130σ131σ-
136σ137σ139π 

129π130π131σ-
134π137σ142σ 

10 (99) 95π96π97π - 100π101π104π 97π98π99π-100π101π103π 94σ98σ99σ-101π104π106σ 97π98π99σ-102π108σ114σ 

11 (106) 101π103π104π-107π108π111π 
104π105π106π-
107π108π110π 

99σ105σ106σ-108π111π112σ 
104π105π106σ-
108π109π114σ 

12 (119) 113π116π117π-120π121π126π 
113π117π118π-
120π121π124π 

111σ118σ119σ-
121π126π127π 

117π118π119σ-
122π126σ130σ 

13 (123) 
120σ121π123π-124π126π 

127π 
119π120π123π-
124π125π126π 

117σ121σ122σ-
126π127π130σ 

120π121π123π-
125π126π132σ 

14 (130) 127σ128π130π-131π133π134π 
126π127π130π-
131π133π135π 

124σ128σ129σ-
133π134σ136σ 

128π129σ130π-
132π136σ138σ 

15 ( 
143) 

140σ141σ143π-144π145π147π 
140π141π143π-
144π145π147π 

137σ141σ142σ-
145π146σ147σ 

140π141π143π-145π146π147π 

16 (107) 104π106π107π-108π110π112π 
104π106π107π-
108π110π115π 

102σ105σ106σ-
110π112π114σ 

105π106σ107σ-
109π116σ123σ 

17 (114) 110π111π114π-115π117π119π 
108σ111π114π-
115π117π120π 

109σ112σ113σ-
116σ117π119σ 

112π113σ114σ-
116π117π122σ 

18 (127) 124π126π127π-128π130π134π 
124π126π127π-
128π130π131π 

119σ125σ126σ-
130π134π135π 

125π126σ127σ-
129π133π134σ 

19 (115) 110σ112π114σ-116π117π120π 
113π114π115π-
116π117π120π 

111σ114σ115σ-
120π121π122σ 

113π114π115σ-
118π124σ137σ 

20 (122) 117σ119π121σ-123π124π127π 
120π121π122π-
123π124π127π 

118σ121σ122σ-
127π128σ129σ 

120π121π122σ-
125π127σ131σ 

21 (135) 127σ128σ132π-136π137π141π 
128π133π134π-
136π137π141π 

127σ134σ135σ-
140σ141σ143π 

133π134π135σ-
138π141σ146σ 

22 (103) 99σ100π102π-104π105π108π 
101π102π103π-
104π105π108π 

97σ98σ102σ-105σ106σ108π 
101π102π103σ-
105π106π112σ 

23 (110) 105σ106σ107π-111π112π113π 
108π109π110π-
111π112π113π 

103σ106σ109σ-
113σ115σ116σ 

108π109σ110σ-
112π113π118σ 

24 (123) 119σ120π122π-124π125π130π 
121π122π123π-
124π125π127π 

118σ121σ122σ-
125π126σ130π 

121π122σ123σ-
125π126π127σ 
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Table 13. Local molecular orbital structure of atoms 16, 17, 21 and 22 
 

Mol. Atom 16 (C) Atom 17 (S) Atom 21 (C) Atom 22 (C) 

1 (119) 
113π117π118π-
121π122π123π 

117π118π119π-
121lp122lp123lp 

98σ100π101π-131π132π134π 98σ100π101π-129σ130σ132σ 

2 (126) 
120π124π125π-
128π129π130π 

124π125π126π-
128lp129lp130π 

96σ104σ107π-140σ144σ146π 91σ104σ107π-137σ138σ140σ 

3 (139) 
133π137π138σ-
141π142π143σ 

137π138π139π-
141lp142lp143lp 

115π117σ118σ-
153σ154σ155σ 

115π117σ118π-
150σ152σ154σ 

4 (103) 
101π102π103π-
105π108π110σ 

101π102π103π-
105lp108lp110π 

88σ89σ90σ-113σ114σ116σ 87σ88σ89σ-113σ115σ116σ 

5 (110) 
105π108π109π-
112π113π115π 

108π109π110π-
112lp113lp115π 

94π95π96σ-121σ122σ124σ 92σ94π95π-121σ123σ124σ 

6 (123) 
121π122π123σ-
125π126π127σ 

121π122π123π-
125lp126lp129lp 

100σ102σ105σ-
136π138π139σ 

100σ102σ105σ-
135σ137σ138π 

7 (111) 
109π110π111π-
113π114π116π 

109π110π111π-
113lp114lp116lp 

97σ 98σ 99σ-121σ122σ123σ 97σ 98σ 99π-121σ122σ123σ 

8 (118) 
116π117π118π-
121π123π124σ 

116π117π118π-
121lp123lp124π 

102σ104σ106σ-
129σ130π131π 

100π102σ104σ-
129σ131π132σ 

9 (131) 
129π130π131σ-
134π136π137σ 

129π130π131π-
134lp136π138lp 

112π115σ116σ-
143σ144π145π 

94σ112π115σ-143σ145π147σ 

10 (99) 97π98π99π-101π102π104π 97π98π99π-102lp104lp106π 85π87σ88σ-110σ111σ112σ 85π87σ88σ-109σ111σ113π 

11 (106) 
104π105π106π-
108π109π111σ 

104π105π106π-
108lp109lp111π 

91σ92σ94σ-118σ119σ120σ 90π91σ92σ-117σ119σ121π 

12 (119) 
117π118π119π-
121π122π123σ 

117π118π119π-
122lp125lp126lp 

98π100π103σ-132π133σ134σ 98π100π103σ-131σ133σ136π 

13 (123) 
119π121π122π-
125π126π127σ 

121π122π123π-
125lp126lp127π 

104σ105σ106σ-
135π136σ137σ 

104σ105σ106π-
133σ134σ136σ 

14 (130) 
126π128π129π-
132π134π138σ 

128π129π130π-132lp134π136π 
110π111σ112σ-
144σ145σ147σ 

110π111σ112π-
141σ142σ144σ 

15 ( 
143) 

139π141π142π-
145π146σ147π 

141π142π143π-
145lp146lp147lp 

122π123σ124π-
158π159σ160σ 

122π123σ124π-
155σ156σ159σ 

16 (107) 
102π105π106π-
109π110π112π 

105π106π107π-
109lp112lp113π 

91σ92σ93π-117σ118σ119σ 91σ92σ93π-117σ118σ119σ 

17 (114) 
109π112π113π-
116π117π119σ 

112π113π114π-
116lp117lp119π 

96σ98σ99π-125σ127σ128σ 96σ98σ99π-125σ127σ128σ 

18 (127) 
122σ125π126π-
129π130σ131σ 

125π126π127π-
129lp133lp134lp 

104σ106σ109σ-
139σ140σ141σ 

104σ106σ109σ-
139σ141σ143σ 

19 (115) 
113π114π115π-
118π120π121π 

113π114π115π-
118lp121lp122π 

99σ101σ103σ-125σ126σ127σ 99σ101σ103σ-125σ127σ128π 

20 (122) 
120π121π122π-
125π127π128σ 

120π121π122π-
125lp127lp128π 

106σ108σ109σ-
133σ134σ135σ 

106σ108σ109σ-
133σ135σ136π 

21 (135) 
133π134π135π-
138π140σ141σ 

133π134π135π-
138lp140π142lp 

100π116σ119σ-
147σ148σ149σ 

100π116σ119σ-
147σ149σ151π 

22 (103) 
101π102π103π-
105π106π108π 

101π102π103π-
105lp106lp108lp 

88σ89σ91π-114σ115σ116σ 88σ8991π-113σ115σ116σ 

23 (110) 
108π109π110π-
112π113π115σ 

108π109π110π-
112lp113lp115π 

93π95σ97π-123σ124σ125π 93π95σ97π-121σ123σ124σ 

24 (123) 
121π122π123π-
125π126π127π 

121π122π123π-
125π126lp127lp 

105σ107π109σ-
137σ138σ139σ 

103π107π109σ-
135σ137σ138σ 
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Table 14. Local molecular orbital structure of atoms 23 and 25 
 

Mol. Atom 23 (C) Atom 25 (C) 
1 (119) 99σ100σ101σ-132σ137π138π 95σ99σ112π-131σ132σ133σ 
2 (126) 103σ105σ107π-140σ146π157π 100σ105σ118σ-140σ142σ144σ 
3 (139) 112σ114σ117σ-154σ155σ157σ 112σ114σ130σ-153σ154σ155σ 
4 (103) 86σ87σ89σ-115σ116σ118σ 88σ96π97π-113σ114σ116σ 
5 (110) 93σ94π95π-123σ124σ126σ 93σ102π103π-121σ122σ124σ 
6 (123) 101σ103σ105σ-137σ138π139σ 104σ114π115π-135σ136π139σ 
7 (111) 95π97σ99π-122σ123σ126σ 94π98σ105π-121σ122σ123σ 
8 (118) 102σ103σ104σ-131π134σ139σ 103σ110π111π-129σ130π131π 
9 (131) 112π113σ115σ-144π145π149σ 110σ113σ123π-143σ144π145π 
10 (99) 81σ84σ87σ-111σ112σ113π 77σ84σ93π-109σ110σ111σ 
11 (106) 89σ91σ92σ-119σ120σ121π 82σ89σ99π-117σ118σ119σ 
12 (119) 99σ100π103σ-133σ135σ136π 91σ99σ111π-131σ132π133σ 
13 (123) 103σ105σ106σ-136σ138σ140σ 120π121π123π-124π125π126π 
14 (130) 108σ111σ112σ-144σ146σ148σ 127π128π130π-131π133π134π 
15 ( 143) 121σ122π123σ-158π159σ160σ 141π142π143π-144π145π147π 
16 (107) 90σ91σ93π-117σ118σ119σ 105π106π107π-108π110π111π 
17 (114) 96σ97σ99π-125σ127σ128σ 111π112π114π-115π117π118π 
18 (127) 106σ107σ109σ-139σ140σ141σ 125π126π127π-128π130π131π 
19 (115) 99σ101σ103σ-125σ127σ128π 109π1101σ14π-116π117π119π 
20 (122) 103σ106σ108σ-133σ135σ136π 116π117π121π-123π124π126π 
21 (135) 116σ117σ119σ-147σ149σ151π 128π129π134π-136π137π139π 
22 (103) 86σ88σ91π-115σ116σ117π 98π99π102π-104π105π106π 
23 (110) 94σ95σ97π-123σ124σ125π 108π109π110π-111π112π113π 
24 (123) 104σ105σ107π-137σ138σ139σ 119π122π123π-124π125π127π 

 
DISCUSSION 

 
Molecular Electrostatic Potential (MEP). 
Figure 6 shows the MEP map of molecules 4, 5 and 19 at 4.5 Å of the nuclei [75]. 
 

 
 

Figure 6. MEP map of molecules 4 (left), 5 (center) and 19 (right) at 4.5 Å of the nuclei 
 

We can observe qualitative similarities in the three maps suggesting that at long molecule-site distances all these 
molecules can be recognized in a similar way for the binding site. Figure 7 shows the MEP map of molecules 4, 5 

and 19 at an 0.01 isovalue [76]. 

 



Asha D. Patel et al Der Pharma Chemica, 2016, 8 (2):507-526 
_____________________________________________________________________________ 

520 

 
 

Figure 7. MEP of molecules 4 (left), 5 (center) and 19 (right). The orange isovalue surface corresponds to negative MEP values (-0.01) 
and the green isovalue surface to positive MEP values (0.01) 

 
We can see that these molecules share similar negative MEP distributions: on ring A, at the para substituent of ring 
D, at N12 in ring D (See Fig. 2) and around the N(S)S fragment. On this basis it is possible to suggest that these 
molecules interact with the site in an analogous way. We must keep in mind that the conformers displayed in Fig. 7 
are not necessarily the one(s) present at the moment of interaction. 
 
Conformational aspects. 
The optimized geometries employed here were obtained for calculations carried out in vacuo. As an example of 
conformational freedom, we show in Fig. 8 the superimposition of the lowest energy conformers of molecule 19 
(Dreiding Force Field, [77, 78]). 
 

 
 

Figure 8. Superimposition of the lowest energy conformers of molecule 19 
 
We can see that this molecule has not a great conformational freedom. This suggests that probably all molecules 
have a similar conformation at the interaction site involving similar relative positions of rings A, B, D and the N(S)S 
fragment. 
 
Discussion of cytotoxicity against the A549 cell line 

Table 3 shows that the importance of variables in Eq. 1 is 5Q >> 1 ( 1)*NS LUMO + > 15( 2)*F HOMO − > 

15( 1)*NS LUMO + > 13( )*F HOMO > 14( 1)*F LUMO + . A high cytotoxic activity is associated with positive 
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values for 5Q , high (positive) values for 15( 2)*F HOMO −  and 14( 1)*F LUMO + , and with small (positive) 

values for 13( )*F HOMO . The case of the nucleophilic superdelocalizabilities will be discussed below.  

 
Atom 1 is a carbon in ring A (Fig. 2). (LUMO+1)1

* and (LUMO)1
* have a π nature (Table 11). If 

1 ( 1)*NS LUMO +  is positive, a high cytotoxic activity is associated with a small value for this index. This value 

is obtained by shifting upwards the associated eigenvalue and making this MO less reactive. Therefore, we suggest 
that atom 1 is interacting with an electron rich center through its lowest vacant MO. This interaction is probably of 
π-π kind. Atom 5 is a carbon in ring A (Fig. 2). The positive charge on this atom suggests an electrostatic interaction 
with a negatively charged moiety. This interaction can be of the cation-π, cation-σ and/or cation-anion. Atom 13 is a 
carbon in ring C (Fig. 2). (HOMO)13

* has a π nature (Table 12). A high cytotoxic activity is associated with small 

values for 13( )*F HOMO . We suggest then that atom 13 is interacting with an electron-rich center. This interaction 

seems to be of a π-π kind. Atom 14 is a carbon of the CNC(S)S moiety (Fig. 2). (LUMO+1)14
* has a σ nature (Table 

12). A high cytotoxic activity is associated with high (positive) values for14( 1)*F LUMO + . Therefore, it is 

suggested that atom 14 is interacting with an electron rich center of the binding site. The interactions can be of π-π, 
π-σ and/or σ-σ kinds. Atom 15 is the nitrogen of the CNC(S)S moiety (Fig. 2).  (HOMO-2)15

* has a π nature in 
almost all molecules, while (LUMO+1)15

*  has a π or σ nature (Table 12). A high cytotoxic activity is associated with 

high values for 15( 2)*F HOMO − . Also, if 15( 1)*NS LUMO +  is positive, a high cytotoxic activity is associated 

with a highly reactive (LUMO+1)15
* . These two conditions are satisfied if we suggest that atom 15 is interacting 

simultaneously with an electron rich and an electron-deficient center. The interactions can be of π-π, π-σ and/or σ-σ 
kinds. All the above suggestions are displayed in the partial 2D pharmacophore of Fig. 9. 
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Figure 9. Partial 2D pharmacophore for the cytotoxicity against the A549 cell line 
 
Discussion of cytotoxicity against the mcf-7 cell line. 

Table 5 shows that the importance of variables in Eq. 2 is 21Q > 1( 1)*F HOMO − > 7 ( 1)*ES HOMO − = 

5( 2)*F LUMO + >> 12( 1)*ES HOMO − . A high cytotoxic activity is associated with a positive net charge on 

atom 21, with a high (positive) numerical value for5( 2)*F LUMO + , with a low (positive) numerical value for 

1( 1)*F HOMO −  and with high (negative) values for 7 ( 1)*ES HOMO −  and 12( 1)*ES HOMO − . Atom 1 is a 

carbon in ring A (Fig. 2). (HOMO-1)1
* and (HOMO-1)1

*  have a π nature (Table 11). A low (positive) numerical 

value for 1( 1)*F HOMO − is associated with high cytotoxicity. This suggests that atom 1 is interacting with an 

electron deficient center through its first highest occupied MO. The interaction is probably of the π-π kind. Atom 5 
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is a carbon in ring A (Fig. 2). (LUMO+2)5
* , (LUMO+1)5

* and (LUMO)5
* have a π nature (Table 11). As a high 

numerical value for 5( 2)*F LUMO +  is associated with high cytotoxicity, we suggest that atom 5 is interacting 

with an electron rich center. This interaction seems to be of the π-π kind. Atom 7 is a carbon in rings B-C (Fig. 2). 

(HOMO-1)7
* and (HOMO)7

* have a π nature (Table 11). A high negative value for 7 ( 1)*ES HOMO − suggests that 

atom 7 is interacting with an electron deficient center. Again, this interaction seems to be of a π-π kind. Atom 12 is 
the nitrogen of ring C (Fig. 2). (HOMO-1)12

* may have π or σ natures and (HOMO-1)12
* has a π nature (Table 12). A 

high negative value for12( 1)*ES HOMO −  suggests that atom 12 is also interacting with an electron deficient 

center. The interaction(s) can be of π-π, π-σ, σ-π and/or σ-σ kinds.  Atom 21 is a carbon in ring D (Fig. 2). A 
positive net charge, required for high cytotoxicity, suggests that this atom is interacting with a negative moiety 
located in the binding site. The interaction can be of cation-π, cation-σ and/or anion-cation kinds. All the above 
suggestions are displayed in the partial 2D pharmacophore of Fig. 10. 
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Figure 10. Partial 2D pharmacophore for cytotoxicity against the MCF-7 cell line 

 
Discussion of cytotoxicity against the DU-145 cell line. 

Table 7 shows that the importance of variables in Eq. 3 is 1( 1)*F LUMO + > 23( 1)*NS LUMO + > 

25( 2)*F LUMO + >> 17( 2)*F LUMO + = 22( 1)*ES HOMO − > 16( 2)*NS LUMO + . A high cytotoxic 

activity is associated with high (positive) numerical values for 25( 2)*F LUMO +  and 17( 2)*F LUMO + , with 

low (positive) values for 1( 1)*F LUMO +  and with high (negative) values for22( 1)*ES HOMO − . The case of 

the nucleophilic superdelocalizabilities will be discussed below. Atom 1 is a carbon in ring A (Fig. 2). (LUMO+1)1
* 

and (LUMO+1)1
* have a π n nature (Table 11). A high cytotoxicity is associated with low (positive) values 

for 1( 1)*F LUMO + . This suggests that atom 1 is interacting with an electron rich center. It is highly probable that 

this interaction is of the π-π kind. Atom 16 is a carbon of the CNC(=S)S moiety (Fig. 2). If 16( 2)*NS LUMO + is 

positive, a high cytotoxicity is associated with high values for this index. This suggests that the three lowest vacant 
local MOs of this atom are interacting with an electron rich center. (LUMO)16

*  has a π nature (Table 13). The nature 
of (LUMO)16

* and (LUMO)16
* can be π or σ (Table 13). The interactions agreeing with the nature of MOs are of π-π, 

π-σ, σ-π and/or σ-σ kinds.  Atom 17 is a sulphur of the CNC(=S)S moiety (Fig. 2). A high cytotoxic activity is 

associated with high (positive) numerical values for 17( 2)*F LUMO + . (LUMO+2)17
*, (LUMO+2)17

* and 

(LUMO+2)17
* have a lone pair nature (Table 13). This suggests that the sulphur atom is interacting with an electron-

rich center through its first three lowest vacant MOs, may be through lone pair interactions with a negatively 
polarized π ring(s). Atom 22 is a carbon in the D ring (Fig. 2). (HOMO-1)22

* and (HOMO-1)22
* have π or σ natures 

(Table 13). Note that (HOMO)22
* and (LUMO)22

* are very far from the corresponding frontier MOs. A high 

cytotoxic activity is associated with high (negative) values for 22( 1)*ES HOMO − . This suggests that atom 22 is 

interacting with an electron deficient center. Possible interactions are of π-π, π-σ, σ-π and/or σ-σ types. Atom 23 is a 
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carbon in the D ring (Fig. 2). (LUMO)23
* and (LUMO+1)23

* have σ or π natures (Table 14). In this case (HOMO)23
* 

and (LUMO)23
*  are very far from the corresponding frontier MOs. If 23( 1)*NS LUMO +  is positive, a high 

cytotoxic activity is associated with small values for this index, making the corresponding MO less reactive. For this 
reasons we suggest that atom 23 is interacting with an electron rich center through its first vacant local MO. Possible 
interactions are of π-π, π-σ, σ-π and/or σ-σ kinds.  Atom 25 is a carbon in ring D (Fig. 2). (LUMO)25

* , (LUMO+1)25
* 

and (LUMO+2)25
* have π or σ natures (Table 14). A high cytotoxicity is associated with high (positive) numerical 

values for 25( 2)*F LUMO + .  Therefore, we suggest that atom 25 is interacting with an electron-rich center. The 

interactions can be of the π-π, π-σ, σ-π and/or σ-σ types. All the suggestions are displayed in the partial 2D 
pharmacophore of Fig. 11. 
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Figure 11. Partial 2D pharmacophore for cytotoxicity against the DU-145 cell line 
 
Discussion of cytotoxicity against the HeLa cell line. 

Table 9 shows that the importance of variables in Eq. 4 is 6 ( 1)*ES HOMO − >> 17( 1)*NS LUMO + > 

15( 1)*F LUMO + > 22( 1)*ES HOMO − > 12( 2)*F LUMO + . A high cytotoxic activity is associated with high 

(positive) numerical values for  15( 1)*F LUMO +  and 12( 2)*F LUMO + , with small (negative) values 

for 6 ( 1)*ES HOMO −  and with high (negative) values for22( 1)*ES HOMO − . 17( 1)*NS LUMO +  will be 

discussed below. Atom 6 is a carbon in ring A (Fig. 2). (HOMO-1)6
*  and (HOMO)6

* have a π nature (Table 16). A 

high cytotoxicity is associated with small (negative) values for 6 ( 1)*ES HOMO − . This suggests that atom 6 is 

interacting, through its highest occupied local MO, with an electron-deficient moiety. The interaction is possible of a 
π-π kind. Atom 12 is the nitrogen in ring C (Fig. 2). (LUMO)12

* , (LUMO+1)12
* and (LUMO+2)12

*  have a π nature 

(Table 12). A high cytotoxicity is associated with high (positive) values for12( 2)*F LUMO + . We suggest that 

atom 12 is interacting with an electron rich center through its first three lowest vacant MOs. The interaction is 
possible of a π-π kind. Atom 15 is the nitrogen in the CNC(=S)S moiety (Fig. 2). (LUMO)15

* and (LUMO)15
* have π 

or σ natures (Table 12). A high cytotoxic activity is associated with high (positive) numerical values 

for 15( 1)*F LUMO + . For this reasons we suggest that atom 15 is interacting with an electron rich center through 

its first two vacant local MOs. Possible interactions are of π-π, π-σ, σ-π and/or σ-σ kinds. Atom 17 is the sulphur in 
the CNC(=S)S moiety (Fig. 2). (LUMO)17

*  and (LUMO+1)17
*  have a lone pair nature (Table 13). If 

17( 1)*NS LUMO +  is positive, a high cytotoxicity is associated with high values for this index. This suggests that 

this atom is interacting with an electron-rich center through its first two lowest vacant MOs, possibly through lone 
pair interactions with a negatively polarized π ring(s). Atom 22 is a carbon in ring D (Fig. 2). (HOMO)22

* and 
(HOMO-1)22

*  have π or σ natures (Table 13). These local MOs are very far from the corresponding molecular 
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frontier MOs.  A high cytotoxicity is associated with high (negative) values for22( 1)*ES HOMO − . This suggests 

that this atom is interacting with an electron deficient center. Possible interactions are of π-π, π-σ, σ-π and/or σ-σ 
kinds. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 12. 
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Figure 12. Partial 2D pharmacophore for cytotoxicity against the HeLa cell line 

 
In summary, we have obtained statistically significant relationships between the electronic structure and the 
cytotoxicity against four cancer cell lines for a series of β-carboline-dithiocarbamate derivatives. The corresponding 
pharmacophores have been built. Our results provide information serving for a better understanding of this 
biological process. 
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