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Abstract We present here the results ofa study of the relating electronic structure with theanti-proliferative activities 

of quinoxaline derivatives on the K562 and MCF-7 cells lines. The Klopman-Peradejordi-Gómez method was 

employed. For each cell line we obtained a statistically significant equation relating the variation of the logarithm of 

IC50with the variation of the numerical values of a set of some local atomic reactivity indices. The process seems to 

be mainly orbital-controlled for the K562 cell line and orientational and orbital-controlled for the MCF-7 cell line. 

Based on the analysis of the results, a partial two-dimensional pharmacophore was built for each of the two cell 

lines. The results should be useful to propose new molecules with higher activity. 
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1. Introduction 

Cancer is a large group of diseases that can reach any part of the body, and characterized by the rapid proliferation 

of abnormal cells. Cancer is the second leading cause of death globally, and was responsible for 8.8 million deaths 

in 2015. The most common causes of cancer death are cancers of lung, liver, colorectal, stomach and breast [1]. The 

modes of treatment of these diseases are surgery, radiotherapy and chemotherapy. Chemotherapy alone can be 

effective for a small number of cancers. It uses molecules that attack cancer cells inhibiting their growth. 

Chemotherapy sometimes causes adverse effects. But given its importance newer and more effective molecules are 

constantly being synthesized and tested [2–21].  

Some specific cell lines were used for in vivo or in vitro studies. MCF-7, acronym of Michigan Cancer Foundation-

7, is the cell line most used for breast cancer studies [22]. K562 cells were the first human immortalized 

myelogenous leukemia line to be established. K562 cells are of the erythroleukemia type, and the line is derived 

from a 53-year-old female chronic myelogenous leukemia patient in blast crisis[23]. Some quinoxaline has 

antiproliferative activity on K562 and MCF-7 cells line.(±) -2-[4-(7-chloro-2-quinoxaliny)oxy]phenoxypropionic 

acid is an important lead compound against a broad spectrum of solid tumors. It has high activity for numerous types 

of multidrug resistance (MDR) cancers [6]. Because of the asymmetric carbon substituted by R4 we have two 

isomers, the R(+) and the S(-). The R(+) stereoisomer is slightly more potent than S(-)-isomer [24]. The 

antiproliferative activity mechanism is not clearly known, but some attempts of mechanisms were proposed [25–32]. 

The study of the structure-activity relationships (SAR) is important for the synthesis of new and more active 

molecules. There are several statistics-based SAR methods for carrying out such task. On the side of the model-

based methods, the Klopman-Peradejordi-Gómez (KPG) approach has proven to be very useful to disclose the 
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relationships between electronic structure and receptor affinity. Recently, it was shown that, for a group of 

molecules having a complex biological activity expressed through the same many-step mechanism, the KPG method 

could also be used with excellent results. The use of the KPG method relating antiproliferative activity and 

electronic structure for several group of different molecules were effective[33–37]. 

In this paper we present the results of a quantum-chemical analysis of the relationships between the electronic 

structure and the antiproliferative activity against the K562 and MCF-7cell lines of a series of quinoxaline 

derivatives. From the results obtained we propose the associated two-dimensional (2D) antiproliferative partial 

pharmacophores. 

 

2. Methods, Models and Calculations 

2.1. Model and Selection of Molecules 

Since the KPG method has been extensively discussed in many previous papers, we present here only a short 

summary [38]. As we said before, this method was originally developed for the study of drug-receptor equilibrium 

constants (pA2, Ki, IC50).Considering that many of the in vitro effects are the ultimate result of two or more 

unidentified or unsatisfactorily known processes, that all these processes can be described in terms of the electronic 

structure of the molecules and that this electronic structure is described by the same reactivity indices describing 

equilibrium constants, a preliminary representation of the final biological action can be obtained simply by replacing 

log Ki by log (BA), where BA is any biological in vitro or in vivo activity.  

Therefore, the antiproliferative activity, AA, can be expressed as a linear relationship of the form: 
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where Qj is the net charge of atom j, 
E

jS and 
N

jS are, respectively, the total atomic electrophilic and nucleophilic 

superdelocalizabilities of atom j, Fj,m(Fj,m’) is the Fukui index of the occupied  (vacant) MO m(m’) located on atom j 

[39]. )m(SE

j is the atomic electrophilic superdelocalizability of MO m on atom j, etc. The total atomic electrophilic 

superdelocalizability of atom j corresponds to the sum over occupied MOs of the )m(SE

j ’s and the total atomic 

nucleophilic superdelocalizability of atom j is the sum over vacant MOs of )m(SN

j ’s[40]. j is the local atomic 

electronic chemical potential of atom j, j is the local atomic hardness of atom j, j is the local atomic 

electrophilicity of atom j, j is the local atomic softness of atom j, and 
max

jQ is the maximum amount of electronic 

charge that atom j may accept from another site[40]. k ’s are the orientational parameters of the substituents [41]. 

Throughout this paper HOMOj
*
 refers to the highest occupied molecular orbital localized on atom j and LUMOj

*
 to 

the lowest empty MO localized on atom j. They are called the local atomic frontier MOs. 

The application this model has given excellent results for a great variety of drug-receptor systems and biological 

activities [33–37, 42–50]. Therefore, for each molecule of the group studied we have one Eq. 1. Usually enough 

experimental data to solve the linear system of equations 1 cannot be found in the literature. This force us to use 

linear multiple regression techniques in order to find those reactivity indices whose numerical variation gives an 

account of the variation of the antiproliferative activity. 

The structures of the compounds are shown in Figure 1 (R4 is behind the plane) and Table 1 summarizes the values 

of their median inhibitory concentrations expressed as log(IC50) for the R(+)-isomer [6].  
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Figure 1: Structure of quinoxaline derivatives 

Table 1: Quinoxalines and their experimental anti-proliferative activity 

Mol. R1 R2 R3 R4 R5 log(IC50)MCF-7 log(IC50)K562 

1 H H CH3 CH3 CH3 1.58 1.66 

2 H H CH3 (CH3)2CHCH2- CH3 1.41 1.35 

3 H H CH3 CH3CH2CH(CH3)- CH3 1.56 1.58 

4 H Cl CH3 CH3 CH3 1.53 1.42 

5 H Cl CH3 (CH3)2CHCH2- CH3 1.36 1.51 

6 Cl H CH3 C6H5CH2- CH3 1.41 1.44 

7 Cl H CH3 (CH3)2CHCH2- CH3 1.28 1.34 

8 H H CH3 CH3 H 1.41 1.45 

9 H H CH3 (CH3)2CHCH2- H 1.17 1.29 

10 H H CH3 CH3CH2CH(CH3)- H 1.55 1.48 

11 H Cl CH3 CH3 H 1.29 1.32 

12 H Cl CH3 (CH3)2CHCH2- H 1.24 1.33 

13 Cl H CH3 C6H5CH2- H 1.30 1.33 

14 Cl H CH3 (CH3)2CHCH2- H 1.18 1.16 

15 H H NH(CH2)11CH3 C6H5CH2- CH3 1.52 1.48 

16 H H NH(CH2)11CH3 CH3 CH3 1.53 1.43 

17 H H NH(CH2)11CH3 (CH3)2CHCH2- CH3 1.64 1.49 

18 H H NH(CH2)11CH3 H CH3 1.58 1.63 

19 H H NHC(CH2)3 CH3 CH3 1.52 1.59 

20 H H NHC(CH2)3 C6H5CH2- CH3 --- 1.01 

21 H H NH(CH2)11CH3 C6H5CH2- H 0.83 0.87 

22 H H NH(CH2)11CH3 CH3 H 0.61 0.52 

23 H H NH(CH2)11CH3 (CH3)2CHCH2- H 1.48 1.33 

24 H H NH(CH2)11CH3 H H 1.47 1.42 

25 H H NHC(CH2)3 CH3 H 1.05 1.26 

26 H H NHC(CH2)3 CH3CH2CH(CH3)- H 1.61 1.63 

27 H H NHC(CH2)3 C6H5CH2- H 1.40 1.18 

 

2.2. Calculations 

The Gaussian03 package of software [51] was used to optimize the geometry of all molecules in their neutral form. 

The calculations were performed within the Density Functional Theory (DFT) at the B3LYP/6-31G(d,p) level. The 

D-Cent-QSAR software [52] was used to calculated the local atomic reactivity indices from the single point results 

of Gaussian03. All electron populations lesser than or equal to 0.01e are considered null[53]. The orientational 

parameters of the substituents are calculated in the usual manner [54]. We used the concept of common skeleton 

defined as a set of atoms common to all the molecules analyzed. We hypothesize that the variation of the numerical 

values of the local atomic reactivity indices (LARIs) of the atoms of this common skeleton accounts for almost all 

the variation of the biological activity. The numbering of the atoms of the common is shown in Fig. 2. 
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Figure 2: Common skeleton numbering 

For linear multiple regression analysis (LMRA) a data matrix containing log (IC50) as the dependent variable and the 

local atomic reactivity indices of all the atoms of the common skeleton as independent variables was used. The 

Statistica software was used to perform LMRA studies[55]. 

 

3. Results 

3.1 Results forthe anti-proliferation activities on K562 cells. 

The best statistically significant equation obtained is the following: 

50 21 21 13 18

19 6 23

log( ) 20.19 2.32 1.66 ( )* 5.13 ( )* 3.15 ( )*

0.16 ( )* 0.49 ( )* 0.66 ( )*

E

E

IC S F HOMO F LUMO F LUMO

F HOMO F LUMO S HOMO

     

  
 (2) 

with n=23, R= 0.97, R²= 0.95, adj-R²= 0.93, F(7,15)=42.63 (p< 0.000001)and a standard error of estimate of 0.06. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here 21

ES is the total atomic electrophilic 

superdelocalizability of atom 21, 21( )*F HOMO is the electron population(Fukui index) of the highest occupied 

MO localized on atom 21, 13( )*F LUMO is the electron population of the lowest empty MO localized on atom 13, 

18( )*F LUMO is the electron population of the lowest empty MO localized on atom 11, 19( )*F HOMO is the 

electron population of the highest occupied MO localized on atom 19, 6( )*F LUMO is the electron population of 

the lowest empty MO localized on atom 4, 23( )*ES HOMO is the atomic electrophilic superdelocalizability of the 

third lowest empty MO localized on atom 23. Table 2 shows the beta coefficients and the t-test results for the 

significance of coefficients of equation 2. Concerning independent variables, Table 3 shows that there are no 

significant correlations among the reactivity indices. Fig. 3 shows the plot of observed vs. calculated values of 

log(IC50). The associated statistical parameters of Eq. 2 show that this equation is statistically significant and that the 

variation of the numerical values of seven LARIs explains about 93% of the variation of the biological activity. 

 

Table 2: Beta coefficients and t-test for significance of coefficients in equation 2 

Variable Beta coefficients t(15) p-Value 

21

ES  -0.87 -12.82 0.0000001 

21( )*F HOMO  0.56 8.58 0.0000001 

13( )*F LUMO  -0.80 -11.11 0.0000001 

18( )*F LUMO  0.42 6.71 0.000007 

19( )*F HOMO  0.35 5.08 0.0001 

6( )*F LUMO  0.26 4.16 0.0008 

23( )*ES HOMO  0.15 2.32 0.03 
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Table 3: Squared correlation coefficients for the variables appearing in Eq.2 
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Figure 3: Plot of predicted vs. observed log(IC50) values. Dashed lines denote the 95% confidence interval 

 

3.2. Results for the anti-proliferation activities on MCF-7 cells 

The best statistically significant equation obtained is the following: 

50 1 2 22

6 22 16

log( ) 2.96 0.90 ( )* 0.002 0.69

0.40 ( )* 1.84 ( )* 2.67

E

RIC S HOMO

F HOMO F HOMO

 



   

  
                          (3) 

with n=22, R= 0.98, R²= 0.95, adj-R²= 0.94, F(6,15)=51.70  (p< 0.000001)and a standard error of estimate of 0.05. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here 1 ( )*ES HOMO is the atomic 

electrophilic superdelocalizability of highest occupied MO localized on atom 15, 2R is the orientational parameter 

(OP) of the R2 substituent, 22 is the local atomic electronic chemical potential of atom 22, 6( )*F HOMO is the 

electron population of the highest occupied MO localized on atom 6, 22( )*F HOMO is the electron population of 

the highest occupied MO localized on atom 22 and 16 is the local atomic softness of atom 16.  
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Table 4 shows the beta coefficients and the t-test results for the significance of coefficients of equation 3. 

Concerning independent variables, Table V shows that the highest internal correlation is r
2 

( 6( )*F HOMO , 

1 ( )*ES HOMO )=0.40. Fig. 4 shows the plot of observed values vs. calculated values of log(IC50). The associated 

statistical parameters of Eq. 3 show that this equation is statistically significant and that the variation of the 

numerical values of six LARIs explains about 94% of the variation of the biological activity. 
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Figure 4: Plot of predicted vs. observed log(IC50) values. Dashed lines denote the 95% confidence interval 

Table 4: Beta coefficients and t-test for significance of coefficients in equation 3 

 

 

Table 5: Squared correlation coefficients for the variables appearing in equation 3 

 

 

 

 

 

 

 

 

 

Variable Beta coefficients t(15) p-Value 

1 ( )*ES HOMO  -0.66 -8.80 0.000000 

2R  -0.38 -5.40 0.00007 

22  0.32 4.08 0.001 

6( )*F HOMO  -0.22 -2.93 0.01 

22( )*F HOMO  -0.18 -2.46 0.03 

16  0.16 2.32 0.03 

 
1 ( )*ES HOMO  2R  22  6( )*F HOMO  22( )*F HOMO  

2R  0.02     

22  0.10 0.02    

6( )*F HOMO  0.40 0.04 0.10   

22( )*F HOMO  0.03 0.05 0.32 0.10  

16  0.00 0.24 0.02 0.05 0.13 
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3.3. Local molecular orbitals 

Tables VI and VII show the Local Molecular Orbitals of atom 1, 6, 13, 18, 19 and 21 (see Fig. 3). Nomenclature: 

Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*.  

Table 6: Local Molecular Orbitals of atoms 1, 6 and 13 

Mol Atom 1 (N) Atom 6(C) Atom 13 (C) 

1(96) 94lp95π96π-97lp98lp99π 93π95π96π-97π98π99π 92π93π96π-97π98π100π 

2 (108) 106lp107π108π-109π110lp111π 105σ107π108π-109π110π111π 104π105π108π-109π110π111π 

3 (116) 113lp115lp116π-117lp118lp119π 113π115π116π-117π118π119π 113π115π116π-117π118π120π 

4 (104) 101lp103lp104π-105lp106lp107π 101σ103π104π-105π106π107π 101π103π104π-105π106π108π 

5 (116) 113lp115lp116π-117lp118lp119π 113σ115π116π-117π118π119π 113π115π116π-117π118π120π 

6 (124) 120lp121π122π-125lp126lp127π 120π121π122π-125π126π127π 118π121π122π-125π126π128π 

7 (116) 113lp114π116π-117lp118lp119π 113π114π116π-117π118π119π 112π114π116π-117π118π119π 

8 (92) 90lp91π92π-93lp94lp95π 89σ91π92π-93π94π95π 88π89π92π-93π94π95π 

9 (104) 102lp103π104π-105lp106lp107π 101σ103π104π-105π106π107π 100π101π104π-105π106π107π 

10 (104) 102lp103π104π-105lp106lp107π 101σ103π104π-105π106π107π 100π101π104π-105π106π108π 

11 (100) 97lp99lp100π-101lp102lp103π 97σ99π100π-101π102π103π 97π99π100π-101π102π104π 

12 (112) 109lp111lp112π-113lp114lp115π 109σ111π112π-113π114π115π 109π111π112π-113π114π116π 

13 (120) 116lp117π118π-121lp122lp123π 115σ117π118π-121π122π123π 114π117π118π-121π122π124π 

14 (112) 109lp110π112π-113lp114lp115π 110π111π112π-113π114π115π 108π110π112π-113π114π116π 

15 (164) 158lp160lp162π-165lp166lp172lp 160σ162π164π-165π166π168π 158π159π162π-165π167π172π 

16 (144) 140lp142lp143π-145lp146lp150π 142σ143π144π-145π146π148π 139π140π143π-145π147π150π 

17 (156) 153lp15lp4155π-157lp158lp162lp 154σ155π156π-157π158π160π 151π152π155π-157π159π162π 

18 (140) 136lp138lp139π-141lp142lp146lp 138π139π140π-141π142π144π 135π136π139π-141π143π146π 

19 (112) 108lp109lp111π-113lp114lp118lp 109π111π112π-113π114π116π 107π108π111π-113π115π118π 

20 (136) 131lp132lp134π-137lp138lp143lp 132π134π136π-137π138π140π 129π130π134π-137π139π144π 

21 (160) 156lp158π159π-161lp162lp168 158π159π160π-161π162π164π 154π155π158π-161π163π168π 

22 (140) 136lp138lp139π-141lp142lp146lp 138π139π140π-141π142π144π 135π136π139π-141π143π146π 

23 (152) 148lp150lp151π-153lp154lp158 150π151π152π-153π154π156π 147π148π151π-153π155π158π 

24 (136) 132lp134lp135π-137lp138lp142lp 134π135π136π-137π138π140π 131π132π135π-137π139π142π 

25 (108) 104lp106lp107π-109lp110lp114lp 106π107π108π-109π110π112π 103π104π107π-109π111π114π 

26 (120) 116lp118lp119π-121lp122lp126lp 118π119π120π-121π122π124π 115π116π119π-121π123π126π 

27 (128) 122lp124lp126π-129lp130lp136lp 124π126π128π-129π130π132π 122π123π126π-129π131π136π 

Table 7: Local Molecular Orbitals of atoms 18, 19, 21and 22 

Mol. Atom 18 (C) Atom 19 (O) Atom 21 (C) Atom 22 (C) 

1(96) 86π87π94π-

97π98π99π 

93lp94π96lp-

97lp98lp99π 

86σ90σ94σ-

102σ105σ110σ 

86π89π90π-

102π103π105π 

2 (108) 93π94π106π-

109π110π111π 

93π94π106lp-

109lp110lp111π 

102σ103σ106σ-

114σ120σ124σ 

94σ101π102π-

113π114π115π 

3 (116) 102π107π114π-

117π118π119π 

114π115lp116lp-

117lp118lp119π 

111σ112σ114σ-

122σ129σ130σ 

109π111π112π-

122π124σ126σ 

4 (104) 92π93π102π-

105π106π107π 

102π103lp104lp-

105lp106lp107π 

93σ98σ102σ-

110σ114σ119σ 

93σ97π98π-

110π112π114σ 

5 (116) 100π102π114π-

117π118π119π 

114π115lp116lp-

117lp118lp119π 

107σ111σ114σ-

122σ128σ133σ 

102σ109π111π-

122π124π126σ 

6 (124) 106π107π120π-

125π126π127π 

120π121lp122lp-

125lp126lp127π 

117σ120σ124σ-

130σ131σ132σ 

115π117π120σ-

130π131π132π 

7 (116) 100π101π115π-

117π118π119π 

114lp115π116lp-

117lp118lp119π 

108σ111σ115σ-

122σ128σ133σ 

101σ109π111π-

122π124π126σ 

8 (92) 80π81π90π-

93π94π95π 

89lp90π92lp-

93lp94lp95π 

81σ86σ90σ-

97σ98σ100σ 

81σ84π86π-

97π98π99π 

9 (104) 90π93π102π-

105π106π107π 

101lp102π104lp-

105lp106lp107π 

97σ98σ102σ-

109σ110σ114σ 

96π97π98π-

109π110π111π 

10 90π93π102π- 101lp102π104lp- 97σ98σ102σ- 94π97π98π-
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(104) 105π106π107π 105lp106lp107π 110σ112σ114σ 109π110π112σ 

11 

(100) 

88π89π98π-

101π102π103π 

98π99lp100lp-

101lp102lp103π 

89σ94σ98σ-

106σ110σ111σ 

89σ91π94π-

106π108π110σ 

12 

(112) 

95π97π110π-

113π114π115π 

110π111lp112lp-

113lp114lp115π 

104σ106σ110σ-

118σ123σ124σ 

99π104π106π-

118π120π121σ 

13 

(120) 

102π103σ116π-

121π122π123π 

116π117lp118lp-

121lp122lp123π 

112σ116σ120σ-

126σ127σ128σ 

107π110π112π-

126π127π128π 

14 

(112) 

96π97π111π-

113π114π115π 

110lp111π112lp-

113lp114lp115π 

105σ106σ111σ-

118σ123σ124σ 

104105106-

118π120π122σ 

15 

(164) 

138π158σ159π-

165π166π168π 

159π160lp162lp-

165lp166lp172π 

156σ159σ163σ-

169σ170σ171σ 

141σ153π156π-

169π170π171π 

16 

(144) 

123π125π141π-

145π146π148π 

141π142lp143lp-

145lp146lp151lp 

125σ138σ141σ-

149σ165σ167σ 

125σ135π138π-

149π151π155 

17 

(156) 

133π153π154π-

157π158π160π 

153π154π155lp-

157lp158lp163π 

145σ150σ151σ-

161σ172σ180σ 

132π147π150π-

161π163π165 

18 

(140) 

118π119π137π-

141π142π144 

137π138lp139lp-

141lp142lp147π 

119σ134σ137σ-

145σ149σ159σ 

119π131π134π-

145π147π154σ 

19 

(112) 

98σ99π110π-

113π114π116π 

109lp110π111lp-

113lp114lp119lp 

99σ106σ110σ-

117σ127σ128σ 

99π104π106π-

117π119π121σ 

20 

(136) 

130π131π132π-

137π138π140π 

131π132π134lp-

137lp138lp145π 

128σ132σ135σ-

141σ142σ143σ 

121σ126128π-

141π142π143π 

21 

(160) 

134π154π155π-

161π162π164π 

155π156lp158lp-

161lp162lp168π 

154σ155σ159σ-

165σ166σ167σ 

143π148152-

165π166π167π 

22 

(140) 

119π120π137π-

141π142π144π 

137π138lp139lp-

141lp142lp147π 

120σ134σ137σ-

145σ148σ150σ 

128π129π134π-

145π147π148σ 

23 

(152) 

127π128π149π-

153π154π156π 

149π150lp151lp-

153lp154lp159lp 

142σ146σ149σ-

157σ162σ166σ 

135π142π146π-

157π159π160π 

24 

(136) 

112π115π133π-

137π138π140π 

133π134lp135lp-

137lp138lp143π 

115σ130σ133σ-

141σ146σ162σ 

106σ123π130π-

141π143π144π 

25 

(108) 

94π95π105π-

109π110π112π 

105π106lp107lp-

109lp110lp115π 

95σ102σ105σ-

113σ117σ118σ 

95σ99π102π-

113π115π117σ 

26 

(120) 

109π116π117π-

121π122π124π 

117π118lp119lp-

121lp122lp127π 

111σ114σ117σ-

125σ129σ130σ 

110π111π114π-

125π127σ129σ 

27 

(128) 

110π122π123π-

129π130π132π 

123π124lp126lp-

129lp130lp137lp 

120σ123σ127σ-

133σ134σ135σ 

115π117π120π-

133π134π135π 

Figures 5 and 6 show the local (HOMO)* of atom 19. In the first case we observe clearly the lone pair orbital and in 

the second case we notice also the lone pair orbital with the big lobes which look like π MO. In the two cases the 

lobes are below and above the atom that is normal in carbonyl group.  

 
Figure 5: Local (HOMO)* of atom 19 of molecule1 (corresponding to the molecule’s HOMO) 
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Fig 6: Local (HOMO)* of atom 19 of molecule2 (corresponding to the molecule’s (HOMO-2)). 

 

4. Discussion 

Before discussing the equations we must stress that they contain only those terms related to the variation of IC50 

through the series. We shall employ the variable by variable approach for the discussion (VbV). Also, it is important 

to understand that the binding pharmacophore is conceptually clear because it corresponds to a drug-receptor 

interaction. The inhibition pharmacophore is not.  

 

4.1. Discussion for the anti-proliferation activities on K562 cells 

The beta values shows that the importance of variables is 21

ES > 13( )*F LUMO > 21( )*F HOMO > 18( )*F LUMO

> 19( )*F HOMO > 6( )*F LUMO > 23( )*ES HOMO .  The associated p-value of Table 2 indicates that 

23( )*ES HOMO is not significant, so we will only discuss the six others indices. The process seems to be orbital-

controlled because all the indices depend on the electron population or/and the energies of the MOs. Keeping in 

mind that the values of the electrophilic superdelocalizability are always negative and the values of the Fukui index 

are always positive, aVbV analysis indicates that a good activity is associated with low negative numerical values of 

21

ES , low positive numerical values for 21( )*F HOMO , 18( )*F LUMO , 19( )*F HOMO , and 6( )*F LUMO

and high numerical values for 13( )*F LUMO . Atom 21 is the carbon atom of one of the CH2 groups of the lateral 

chain of ring C (Fig. 2). All the local MOs of atom 21 are σ type. HOMO21* does not coincide with the HOMO of 

the molecule (Table 7). Note that (LUMO)21
*
 is energetically far from the molecular LUMO. A low value of 

ES21  

indicates that atom 21 should behave as a bad electron donor. Eq. 2 indicates coincidently also that a high activity is 

associated with a low numerical value of 21( )*F HOMO . This suggests that atom 21 seems to be involved in a 

repulsive MO-MO interaction with one or more occupied MOs of the site. If these interactions are of the σ-σ kind, 

they may occur with the sigma MOs of the –CH2- groups of some amino acids. Atom 18 is the carbon atom of the 
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carbonyl group (Fig. 2). The association of high activity with low numerical values of 
18( )*F LUMO suggests that 

this MO is engaged in a repulsive MO-MO interaction with empty MOs of the site. As 18( ) *LUMO  is a MO of π 

nature in all molecules and it coincides with the molecule’s LUMO (Table 7), a better activity will be achieved if the 

molecular LUMO and next empty MOs are not localized on this atom. Atom 19 is the oxygen atom of the carbonyl 

group (Fig. 2).  (HOMO)19
*
is a lone pair (Table 7) in which the lobes are below and above the atom (fig.5,6). The 

low numerical value of 19( )*F HOMO  suggests a repulsive MO-MO interaction with occupied MOs of the site. 

Therefore, activity will be higher if (HOMO)19
*
 corresponds to an occupied MO energetically far from the molecular 

HOMO. Atom 6 is a carbon atom of the aromatic ring A (Fig. 2). A high activity is associated with low numerical 

values of 6( )*F LUMO .All the local LUMO* are of π nature (Table 6). Again we are in presence of what seems 

to be a repulsive MO-MO interaction. So an electro-deficient moiety could be substituted on atom 6. Atom 13 is a 

carbon atom of the aromatic ring C. (LUMO)13
*
 is a π MO in all molecules (Table 6). A high value for

13( )*F LUMO  is associated with high inhibitory activity. Therefore, we suggest that atom 13 is interacting with a 

π electron-rich center. All these suggestions are presented in the partial 2D inhibition pharmacophore of Fig. 7. 

N

N O

O

O

AB C

6 13

18

19

21

O

Repulsive MO-MO
interaction with empty 
MOs of the site

Repulsive MO-MO
interaction with 
occupied MOs

Repulsive MO-MO 
interaction 
with occupied MOs.

Electron deficient 
moiety

Pi Electron rich 
center

 
Figure 7: Partial 2D pharmacophore for the anti-proliferative activities of quinoxaline derivatives on the K562 cell 

line 

4.2. Discussion for the anti-proliferative activities on MCF-7 cells 

The beta values shows that the importance of variables is 1 ( )*ES HOMO > 2R > 22 > 6( )*F HOMO >

22( )*F HOMO > 16 .  The associate dp-values indicate that the last three indices are not significant, so we shall 

discuss the first three ones. The process seems to be orientational- and orbital-controlled. A VbV analysis indicates 

that a good activity is associated with low negative numerical values of 1 ( )*ES HOMO , a high value of 2R and 

high negative values of 22 . Atom 1 is a nitrogen atom of the ring B (Fig.2). The local HOMO* of atom 1 is of π 

nature for all molecules (Table 4). LUMO1
*
 has a lone pair nature and it coincides with the molecular LUMO. The 

low numerical value of 1 ( )*ES HOMO  indicates that atom acts as a bad donor, so this atom should interact with an 

electron rich center of the receptor, possibly a π-π interaction.R2 is the substituent on atom 6. The high value of 2R

suggests that R2 should be a big substituent or that the substituent must be in its extended form. Atom 22 is a carbon 

atom of the carboxylate group. A higher negative value of 22 should be obtained by making more negative the 

HOMO* energy, making this atom a bad electron donor. Note that this atom is a bad electron-donor because it’s 

local HOMO22
*
 is energetically far for the molecule’s HOMO (Table 7). Theoretically we may lower the value of 
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μ22 by making zero the electron population of the actual HOMO22
*
, i.e., changing it by a still energetically lower 

MO. But Table 7 informs us that, given the nature of the actual (HOMO)22
*
, this technique will be very difficult to 

use. Now, Table 7 shows that (LUMO)22
*
 does not coincide with the molecular LUMO. Therefore another 

possibility is to localize the molecular HOMO also on atom 22. This technique seems more plausible because atom 

22 has a positive net charge. Therefore, atom 22 seems to interact with an electron rich center of a probable π nature. 

All these suggestions are presented in the partial 2D inhibition pharmacophore of Fig. 8. 

N

N O

O

O

AB C
1

6
22

O

Substituent
with large OP

 value

Electron rich 
volumen.

Pi-Pi  interaction?

Electron rich 
center. Pi-Pi  
interaction?

 
Figure 8: Partial 2D pharmacophore for the anti-proliferative activities of quinoxaline derivatives on the MCF-7 

cell line 

5. Conclusion 

In summary, we have obtained a statistically significant equations which can be used to predict the antiproliferative 

activity of quinoxaline derivative on K562 and MCF-7 cell lines. The obtained pharmacophores show the chemical 

modification that are useful to propose some molecules which will be more actives.  
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