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Abstract The Klopman-Peradejordi-Gómez QSAR method was employed to find relationships between electronic 

structure and receptor affinity in a series of Fananserin derivatives. We analyzed the affinities for D2, 5-HT1A, 5-

HT2A, 5-HT6 and 5-HT7 receptors. The electronic structure was calculated at the DFT B3LYP/6-31G(d,p) level. For 

all cases a statistically significant equation was obtained explaining the variation of the affinity in terms of the 

variation of the numerical values of a set of local atomic reactivity indices. All equations show that sigma electrons 

of the saturated carbon chain and the saturated ring seem to play an important role in the regulation of the receptor 

affinity. Several kinds of atom-atom interactions are suggested. From the results the corresponding 2D 

pharmacophores were built. 

Keywords Fananserin, QSAR, Dopamine, Serotonin, Klopman-Peradejordi-Gómez method, structure-activity 

relationships, electronic structure, chemical reactivity, pharmacophore 

Introduction 

Dopamine (DA) is a small molecule acting as a hormone and a neurotransmitter that plays several important roles in 

the brain and body. DA constitutes nearly 80% of the catecholamine content in the brain. Dysfunctions of the 

dopamine system are associated with many neurological and psychiatric disorders [1-6]. Serotonin is also a small 

molecule acting as a neurotransmitter modulating cognition, learning, memory, mood, reward and many 

physiological processes such as vomiting and vasoconstriction [7]. Both molecules act at several receptor subtypes. 

Dopamine binds to receptors called D1 to D5 and serotonin to 5-HT1A, 5-HT1B, 5-HT1D, 5-HT1E, 5-HT1F, 5-HT2A, 5-

HT2B, 5-HT2C, 5-HT3, 5-HT4, 5-HT5A, 5-HT5B, 5-HT6 and 5-HT7 receptors. Some exogenous molecules such as 

amphetamine, mescaline, hallucinogenic amphetamines, LSD, bufotenin and DMT also bind to these receptors.  

There are many families of large synthetic compounds presenting affinity for several dopamine and serotonin 

receptors at the same time [8-15]. What still needs to be elucidated in these large molecules is the knowledge about 

which part or parts of them play a role in regulating their affinity for these various receptors and which part or parts 

of them regulate the different biological responses produced by these unions. In out Unit we have carried out many 

theoretical studies of structure-activity relationships in several families of drugs binding to serotonin [16-23] and 

dopamine [24-29] receptors. 
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Recently a series of Fananserin derivatives was synthesized and tested for their affinity for various dopamine and 

serotonin receptors [11]. Fananserin acts as a potent antagonist at both the 5-HT2A receptor and the dopamine D4 

receptor but it does not block the dopamine D2 receptor. In this paper we present the results of the application of the 

Klopman-Peradejordi-Gómez (KPG) method for obtaining formal relationships between electronic structure and 

receptor affinity of these fananserin derivatives. 

Methods, Models and Calculations 

The selected molecules are a group of Fananserin derivatives selected from a recent study [11]. Their general 

formula and biological activities are displayed, respectively, in Fig. 1 and Table 1. 
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Figure 1: General formula of Fananserin derivatives 

Table 1: Fananserin derivatives and receptor binding affinities
11

. 

Mol. X R1 R2 R3 log(Ki) 

D2 

log(Ki) 

5-HT1A 

log(Ki) 

5-HT2A 

log(Ki) 

5-HT6 

log(Ki) 

5-HT7 

1 SO2 F H H 1.95 1.91 2.58 2.85 2.31 

2 SO2 Cl H H 2.15 2.03 2.74 2.71 2.46 

3 SO2 H Cl H 2.08 1.66 2.51 2.80 2.64 

4 SO2 H H Cl 2.53 2.29 2.25 2.64 2.45 

5 SO2 Cl Cl H 2.34 2.17 2.17 2.37 2.15 

6 SO2 H Cl Cl 2.40 1.90 2.40 2.35 2.61 

7 SO2 H CF3 H 2.48 2.12 2.78 2.57 2.22 

8 SO2 H H CF3 2.97 3.00 3.18 2.97 3.78 

9 C=O F H H 2.51 1.81 2.72 3.24 2.62 

10 C=O Cl H H 1.76 1.82 2.73 3.23 2.53 

11 C=O H Cl H 1.88 1.63 2.63 2.68 1.72 

12 C=O H H Cl 2.29 2.26 2.63 2.84 2.09 

13 C=O Cl Cl H 1.97 2.09 2.61 2.96 3.71 

14 C=O H Cl Cl 2.39 2.21 2.69 3.27 2.22 

15 C=O H H Br 2.31 2.84 3.17 3.50 3.26 

16 C=O CF3 H H 2.21 2.78 3.25 3.05 4.25 

17 C=O H CF3 H 2.70 1.73 2.89 3.35 2.46 

18 C=O H H CF3 2.98 2.73 3.64 3.31 4.69 

The Klopman-Peradejordi-Gómez (KPG) method is a linear equation relating any kind of biological activity with a 

set of local atomic reactivity indices. For its development we refer the reader to the literature [30-41]. During all the 

years of its use it has produced excellent results for a wide variety of molecules and biological activities [16, 17, 20, 

22, 25, 26, 29, 42-67]. 
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The electronic structure was calculated within the Density Functional Theory (DFT) at the B3LYP/6-31g(d,p) level 

after full geometry optimization [68]. The Gaussian suite of programs was used [69]. To calculate the numerical 

values of the local atomic reactivity indices weemployed data from the Gaussian results. The D-Cent-QSAR 

software was employed [70]. All the electron populations smaller than or equal to 0.01 e were considered as zero 

[35]. Negative electron populations coming from Mulliken Population Analysis were corrected as usual [71]. 

Because the resolution of the system of linear equations is not possible because we have not enough molecules, we 

made use of 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 

[72].  

We worked with the common skeleton hypothesis stating that there is a definite collection of atoms, common to all 

molecules analyzed, that accounts for nearly all the biological activity [34]. The action of the substituents consists in 

modifying the electronic structure of the common skeleton and influencing the right alignment of the drug 

throughout the orientational parameters. It is hypothesized that different parts or this common skeleton accounts for 

almost all the interactions leading to the expression of a given biological activity. The common skeleton is shown in 

Fig. 2. 
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Figure 2: Common skeleton numbering 

 

Results 

Results for 5-HT1A receptor binding affinity 

The best equation obtained is: 

   

   

E N N

8 14 21

E

21 26

log( ) 1.96 0.57S HOMO 1 * 1.38S LUMO * 0.009S

1.30S HOMO 1 * 0.42F LUMO 2 *

iK      

   
          (1)

 

with n=18, R=0.98, R
2
=0.96, adj-R

2
=0.95, F(5,12)=65.42 (p<0.000001) and SD=0.09. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here,S8
E
(HOMO-1)* is the electrophilic superdelocalizability of the second 

highest occupied local MO of atom 8, S14
N
(LUMO)* is the nucleophilic superdelocalizability of the highest empty 

local MO of atom 12, S21
N
 is the total atomic nucleophilic superdelocalizability of atom 21, S21

E
(HOMO-1)* is the 

electrophilic superdelocalizability of the second highest occupied local MO of atom 21 and F26(LUMO+2)* is the 

Fukui index of the third lowest empty local MO of atom 26.Tables 2 and 3 show, respectively, 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 3). Figure 3 

displays the plot of observed vs. calculated log(Ki). 
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Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 1. 

 Beta t(12) p-level 

S8
E
(HOMO-1)* -0.77 -12.38 <0.000000 

S14
N
(LUMO)* -0.60 -10.38 <0.000000 

S21
N
 0.33 5.68 0.0001 

S21
E
(HOMO-1)* -0.33 -5.60 0.0001 

F26(LUMO+2)* -0.26 -4.53 0.0007 

Table 3: Matrix of squared correlation coefficients for the variables in Eq. 1. 

 S8
E
(HOMO-1)* S14

N
(LUMO)* S21

N
 S21

E
(HOMO-1)* 

S14
N
(LUMO)* 0.10 1.00   

S21
N
 0.07 0.01 1.00  

S21
E
(HOMO-1)* 0.04 0.01 0.04 1.00 

F26(LUMO+2)* 0.03 0.02 0.00 0.03 
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Figure 3: Plot of predicted vs. observed log(Ki) 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 five local atomic reactivity indices of atoms of the common skeleton 

explains about 95% of the variation of the 5-HT1A receptor affinity. Figure 3, spanning about 1.4 orders of 

magnitude, shows that there is a good correlation of observed versus calculated values. 

 

Results for 5-HT2A receptor binding affinity 

The best equation obtained is: 

   

   

E

8 30

N * N

21 16 16

log( ) 3.47 0.32S HOMO 1 * 1.82F LUMO 1 *

0.86S LUMO 2 * 0.16μ 0.71S LUMO 2 *

iK      

    
       (2) 

with n=18, R=0.97, R
2
=0.95, adj-R

2
=0.93, F(5,12)=44.21 (p<0.000001) and SD=0.10. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here,S8
E
(HOMO-1)* is the electrophilic superdelocalizability of the second 

highest occupied local MO of atom 8, F30(LUMO+1)* is the Fukui index of the second lowest empty local MO of 

atom 30, S21
N
(LUMO+2)* is the nucleophilic superdelocalizability of the third lowest empty local MO of atom 21, 

μ16
*
 is the local electronic chemical potential of atom 16 and S16

N
(LUMO+2)* is the nucleophilic 

superdelocalizability of the third lowest local MO of atom 16.Tables 4 and 5 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. 
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2. There are no significant internal correlations between independent variables (Table 5). Figure 4 displays the plot 

of observed vs. calculated log(Ki). 

Table 4: Beta coefficients and t-test for significance of coefficients in Eq. 2 

 Beta t(12) p-level 

S8
E
(HOMO-1)* -0.49 -7.02 0.00001 

F30(LUMO+1)* -0.55 -7.25 0.00001 

S21
N
(LUMO+2)* -0.40 -5.66 0.0001 

μ16
*
 -0.36 -4.86 0.0004 

S16
N
(LUMO+2)* -0.21 -3.02 0.01 

 

Table 5: Matrix of squared correlation coefficients for the variables in Eq. 2 

 S8
E
(HOMO-1)* F30(LUMO+1)* S21

N
(LUMO+2)* μ16

* 

F30(LUMO+1)* 0.07 1.00   

S21
N
(LUMO+2)* 0.06 0.04 1.00  

μ16
* 

0.03 0.15 0.11 1.00 

S16
N
(LUMO+2)* 0.00 0.07 0.01 0.01 
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Figure 4: Plot of predicted vs. observed log(Ki) 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 93% of the variation of the 5-HT2A receptor affinity. Figure 4, spanning about 1.5 orders of 

magnitude, shows that there is a good correlation of observed versus calculated values. 

 

Results for 5-HT6 receptor binding affinity 

The best equation obtained was: 

   E * *

i 2 22 19 29log(K )=5.69-0.95S HOMO-1 *+0.25μ -0.48F HOMO-2 *+0.91μ      (3) 

with n=18, R=0.96, R
2
=0.92, adj-R

2
=0.90, F(4,13)=38.12 (p<0.000001) and SD=0.11. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here,S2
E
(HOMO-1)* is the electrophilic superdelocalizability of the second 

highest local MO of atom 2, μ22
*
 is the local electronic chemical potential of atom 22, F19(HOMO-2)* is the Fukui 

index of the third highest local MO of atom 19 and μ29
*
 is the local electronic chemical potential of atom 29.Tables 6 

and 7 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 are no significant internal correlations between independent 

variables (Table 7), but we may observe that variables μ29 and F19(HOMO-2)* has a relatively high correlation, 
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despite the fact that they belong to atoms that are not connected by aromatic systems. Figure 5 displays the plot of 

observed vs. calculated log(Ki). 

Table 6: Beta coefficients and t-test for significance of coefficients in Eq. 3 

 Beta t(13) p-level 

S2
E
(HOMO-1)* -0.97 -10.60 <0.000000 

μ22
* 

0.28 3.33 0.005 

F19(HOMO-2)* -0.64 -5.78 0.00006 

μ29
* 

0.52 4.51 0.0006 

 

Table 7: Matrix of squared correlation coefficients for the variables in Eq. 3 

 S2
E
(HOMO-1)* μ22

* 
F19(HOMO-2)* 

μ22
*
 0.03 1.00  

F19(HOMO-2)* 0.06 0.05 1.00 

μ29
* 

0.03 0.11 0.38 
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Figure 5: Plot of predicted vs. observed log(Ki) 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 four local atomic reactivity indices of atoms of the common skeleton 

explains about 90% of the variation of the 5-HT6 receptor affinity. Figure 5, spanning about 1.3 orders of magnitude, 

shows that there is a good correlation of observed versus calculated values. 

 

Results for 5-HT7serotonin receptor binding affinity 

The best equation obtained was: 

     

     

E N

28 8 29

N

22 18 19

log( ) 4.79 3.83F LUMO 1 * 1.14S HOMO * 0.01S LUMO *

0.53S LUMO * 3.15F HOMO 2 * 0.26F HOMO 2 *

iK      

    
   (4) 

with n=18, R=0.98, R
2
=0.96, adj-R

2
=0.94, F(6,11)=46.30 (p<0.000001) and SD=0.20. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here, F28(LUMO+1)* is the Fukui index of the second lowest local MO of 

atom 28, S8
E
(HOMO)* is the electrophilic superdelocalizability of the highest occupied local MO of atom 8, 

S29
N
(LUMO)* is the nucleophilic superdelocalizability of the lowest empty local MO of atom 29, S22

N
(LUMO)* is 

the nucleophilic superdelocalizability of the lowest empty local MO of atom 22, F18(HOMO-2)* is the Fukui index 
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of the third highest occupied local MO of atom 18 and F19(HOMO-2)* is the Fukui index of the third highest 

occupied local MO of atom 18. Tables 8 and 9 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 9). Figure 6 displays the plot of observed vs. calculated 

log(Ki). 

Table 8: Beta coefficients and t-test for significance of coefficients in Eq. 4 

 Beta t(11) p-level 

F28(LUMO+1)* 0.87 12.14 <0.000000 

S8
E
(HOMO)* 0.47 7.46 0.00001 

S29
N
(LUMO)* 0.38 5.86 0.0001 

S22
N
(LUMO)* 0.28 4.64 0.0007 

F18(HOMO-2)* -0.20 -3.15 0.009 

F19(HOMO-2)* -0.15 -2.25 0.05 

Table 9: Matrix of squared correlation coefficients for the variables in Eq. 4 

 F28(LUMO+1)* S8
E
(HOMO)* S29

N
(LUMO)* S22

N
(LUMO)* F18(HOMO-2)* 

S8
E
(HOMO)* 0.03 1.00    

S29
N
(LUMO)* 0.12 0.02 1.00   

S22
N
(LUMO)* 0.00 0.01 0.02 1.00  

F18(HOMO-2)* 0.11 0.01 0.04 0.02 1.00 

F19(HOMO-2)* 0.19 0.06 0.04 0.00 0.01 
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Figure 6: Plot of predicted vs. observed log(Ki) 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 six local atomic reactivity indices of atoms constituting the common 

skeleton explains about 94% of the variation of the 5-HT7 receptor affinity.Figure 6, spanning about 3 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.  
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Results for D2dopamine receptor binding affinity 

The best equation obtained was: 

   

   

N E

19 7

N N E

20 25 27

log( ) 8.17 4.30S LUMO 1 * 2.09S HOMO 1 *

1.12S LUMO 2 * 0.08S LUMO 2 * 0.64S

iK      

    
       (5) 

with n=18, R=0.99, R
2
=0.97, adj-R

2
=0.96, F(5,12)=92.47 (p<0.000001) and SD=0.06. No outliers were detected and 

no residuals fall outside the ±2σ limits. Here,S19
N
(LUMO+1)* is the nucleophilic superdelocalizability of the second 

lowest empty local MO of atom 19, S7
E
(HOMO-1)* is the electrophilic superdelocalizability of the second highest 

occupied local MO of atom 7, S20
N
(LUMO+2)* is the nucleophilic superdelocalizability of the third lowest empty 

local MO of atom 20, S25
N
(LUMO+2)* is the nucleophilic superdelocalizability of the third lowest empty local MO 

of atom 25 and S27
E
 is the total atomic nucleophilic superdelocalizability of atom 27.Tables 10 and 11 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. 5. There are no significant internal correlations between independent variables (Table 11). 

Figure 7 displays the plot of observed vs. calculated log(Ki). 

Table 10: Beta coefficients and t-test for significance of coefficients in Eq. 5 

 Beta t(12) p-level 

S19
N
(LUMO+1)* 0.71 15.12 <0.000000 

S7
E
(HOMO-1)* -0.91 -15.76 <0.000000 

S20
N
(LUMO+2)* -0.53 -9.93 <0.000000 

S25
N
(LUMO+2)* -0.42 -7.83 0.000005 

S27
E
 0.30 5.28 0.0002 

Table 11: Matrix of squared correlation coefficients for the variables in Eq. 5 

 S19
N
(LUMO+1)* S7

E
(HOMO-1)* S20

N
(LUMO+2)* S25

N
(LUMO+2)* 

S7
E
(HOMO-1)* 0.03 1.00   

S20
N
(LUMO+2)* 0.00 0.19 1.00  

S25
N
(LUMO+2)* 0.00 0.03 0.08 1.00 

S27
E
 0.01 0.20 0.04 0.21 
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Figure 7: Plot of predicted vs. observed log(Ki) values (Eq. 5). Dashed lines denote the 95% confidence interval 
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The associated statistical parameters of Eq. 5 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 constituting the common 

skeleton explains about 96% of the variation of the D2 dopamine receptor affinity. Figure 7, spanning about 1.3 

orders of magnitude, shows that there is a good correlation of observed versus calculated. 

 

Local Molecular Orbitals 

Tables 12 to 14 show the local molecular orbital structure of atoms appearing in equations 1-5. 

Table 12: Local molecular orbitals of atoms 2, 7, 8, 14 and 16 

Mol. Atom 2 Atom 7 Atom 8 Atom 14 Atom 16 

1 (124) 119π120π123π-

125π126π129π 

119π122σ123π-

125π126π129π 

119π122σ123π-

125π126π129π 

117σ119σ123σ-

129σ134σ135σ 

115σ116σ122σ-

145σ148σ149σ 

2(128) 123π125σ127π-

129π130π132σ 

122σ123π127π-

129π134π135π 

118σ121σ127π

-129π134π135π 

121σ122σ127σ-

141σ142σ143σ 

116σ117σ118σ-

140σ146σ148σ 

3(128) 123π124π127π-

129π130π133π 

121π123π127π-

129π130π133π 

121π123π127π-

129π130π133π 

121σ123σ127σ-

133σ139σ140σ 

118σ119σ126σ-

141σ145σ146σ 

4(128) 123π125σ127π-

129π130π132σ 

122σ123π127π-

129π134σ135π 

118σ120σ127π

-129π134π135π 

120σ122σ127σ-

138σ139σ141σ 

117σ118σ126σ-

138σ140σ144σ 

5(136) 131π133σ136π-

137π138π141σ 

130σ131π136π-

137π142σ144π 

126σ129σ136π

-137π142σ144π 

129σ130σ136σ-

146σ150σ152σ 

124σ125σ126σ-

146σ153σ158σ 

6(136) 131π132π135π-

137π138π142π 

129π131π135π-

137π138π142π 

129π131π135π-

137π138π142π 

129σ131σ135σ-

143σ149σ155σ 

124σ125σ127σ-

145σ150σ152σσ 

7(136) 132π133σ136π-

137π138π140σ 

130σ132π136π-

137π142σ143π 

127σ129σ136π

-137π142σ143π 

129σ130σ136σ-

145σ148σ154σ 

125σ126σ127σ-

145σ148σ151σ 

8(136) 132π134π135π-

137π138π141π 

131π134π135π-

137π138π141π 

129π134π135π-

137π138π141π 

131σ134σ135σ-

146σ148σ149σ 

126σ127σ128σ-

153σ154σ156σ 

9(115) 110π111π114π-

116π117π120π 

111π113σ114π-

116π117π120π 

107π113σ114π-

116π120π122σ 

110σ111σ114σ-

120σ126σ130σ 

106σ107σ113σ-

123σ124σ126σ 

10(119) 114π115π118π-

120π121π124π 

113σ115π118π-

120π121π124π 

110π111π118π-

120π124π134σ 

114σ115σ118σ-

124σ130σ135σ 

108σ109σ111σ-

128σ130σ131σ 

11(119) 114π115π118π-

120π121π124π 

115π117π118π-

120π121π124π 

110π117π118π-

120π124π127σ 

114σ115σ118σ-

124σ129σ132σ 

109σ110σ117σ-

127σ128σ135σ 

12(119) 114π116π118π-

120π121π124π 

113σ116π118π-

120π121π124π 

108π110π118π-

120π124π127σ 

114σ116σ118σ-

124σ135σ137σ 

109σ110σ117σ-

128σ130σ131σ 

13(127) 122π123π127π-

128π130π133π 

121σ123π127π-

128π130π133π 

117π118π127π-

128π133π135σ 

122σ123σ127σ-

133σ137σ141σ 

117σ118σ125σ-

135σ138σ140σ 

14(127) 122σ123π126π-

128π129π133π 

121σ123π126π-

128π129π133π 

116π118π126π-

128π133π136σ 

122σ123σ126σ-

133σ143σ146σ 

116σ118σ125σ-

137σ139σ140σ 

15(128) 123σ125π127π-

129π130π134π 

122σ125π127π-

129π130π134π 

117σ119π127π-

129π134π135σ 

123σ125σ127σ-

134σ135σ138σ 

116σ117σ119σ-

135σ139σ142σ 

16(127) 123σ124π126π-

128π130π132π 

122124π126π-

128π130π132π 

117σ119π126π-

128π132π133π 

123σ124σ126σ-

134σ138σ141σ 

118σ119σ127σ-

135σ136σ142σ 

17(127) 123π124π126π-

128π130π132π 

121σ124π126π-

128π130π132π 

118σ119π126π-

128π132π134σ 

123σ124σ126σ-

132σ139σ142σ 

118σ119σ125σ-

135σ136σ138σ 

18(127) 123π124π126π-

128π129π132π 

122σ124π126π-

128π129π132π 

117σ119π126π-

128π132π135σ 

123σ124σ126σ-

132σ140σ143σ 

118σ119σ125σ-

135σ138σ139σ 
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Table 13: Local molecular orbitals of atoms 18, 19, 20, 21 and 22 

Mol. Atom 18 Atom 19 Atom 20 Atom 21 Atom 22 

1 (124) 115σ122σ124σ-

137σ138σ139σ 

122σ123σ124σ-

140σ141σ146σ 

115σ122σ124σ-

136σ138σ142σ 

118σ122σ124σ-

134σ135σ137σ 

118σ122σ124σ-

138σ142σ143σ 

2(128) 117σ126σ128σ-

139σ142σ144σ 

124σ126σ128σ-

149σ150σ152σ 

117σ126σ128σ-

144σ149σ150σ 

120σ126σ128σ-

144σ146σ148σ 

120σ126σ128σ-

143σ144σ149σ 

3(128) 117σ118σ126σ-

139σ140σ142σ 

117σ118σ126σ-

142σ148σ149σ 

118σ122σ126σ-

141σ142σ144σ 

122σ126σ128σ-

131σ132σ140σ 

122σ126σ128σ-

141σ143σ145σ 

4(128) 116σ117σ126σ-

140σ141σ143σ 

121σ126σ128σ-

141σ151σ152σ 

121σ126σ128σ-

141σ144σ145σ 

121σ126σ128σ-

140σ144σ149σ 

116σ121σ126σ-

141σ144σ145σ 

5(136) 123σ125σ134σ-

149σ150σ151σ 

128σ134σ135σ-

148σ150σ158σ 

125σ134σ135σ-

150σ152σ157σ 

122σ128σ135σ-

157σ158σ159σ 

128σ134σ135σ-

140σ151σ152σ 

6(136) 124σ125σ134σ-

143σ149σ150σ 

130σ134σ136σ-

149σ155σ157σ 

130σ134σ136σ-

150σ152σ153σ 

130σ134σ136σ-

149σ151σ154σ 

123σ130σ134σ-

150σ152σ153σ 

7(136) 126σ127σ134σ-

145σ147σ148σ 

128σ134σ135σ-

147σ153σ156σ 

128σ134σ135σ-

148σ151σ153σ 

128σ134σ135σ-

149σ153σ156σ 

128σ134σ135σ-

148σ149σ153σ 

8(136) 126σ127σ135σ-

144σ148σ149σ 

134σ135σ136σ-

150σ153σ154σ 

134σ135σ136σ-

149σ150σ152σ 

127σ130σ136σ-

149σ150σ152σ 

134σ135σ136σ-

148σ149σ150σ 

9(115) 105σ106σ113σ-

123σ125σ126σ 

113σ114σ115σ-

128σ131σ134σ 

108σ113σ115σ-

126σ128σ132σ 

108σ113σ115σ-

118σ119σ123σ 

108σ113σ115σ-

126σ127σ128σ 

10(119) 109σ117σ119σ-

129σ131σ132σ 

116σ117σ119σ-

133σ138σ142σ 

112σ117σ119σ-

138σ139σ140σ 

112σ117σ119σ-

123σ131σ133σ 

109σ117σ119σ-

131σ137σ138σ 

11(119) 109σ110σ117σ-

127σ128σ129σ 

117σ118σ119σ-

129σ135σ139σ 

112σ117σ119σ-

129σ132σ133σ 

112σ117σ119σ-

127σ134σ137σ 

112σ117σ119σ-

129σ131σ132σ 

12(119) 108σ109σ117σ-

127σ128σ129σ 

117σ118σ119σ-

139σ140σ142σ 

112σ117σ119σ-

129σ131σ132σ 

112σ117σ119σ-

128σ132σ134σ 

109σ112σ117σ-

129σ131σ132σ 

13(127) 116σ117σ125σ-

135σ137σ139σ 

117σ125σ126σ-

137σ143σ145σ 

117σ125σ126σ-

138σ140σ143σ 

120σ125σ126σ-

138σ145σ146σ 

120σ125σ126σ-

135σ143σ146σ 

14(127) 115σ116σ125σ-

136σ137σ138σ 

116σ125σ127σ-

138σ147σ148σ 

120σ125σ127σ-

138σ140σ141σ 

120σ125σ127σ-

137σ141σ143σ 

116σ120σ125σ-

138σ140σ141σ 

15(128) 117σ126σ128σ-

135σ138σ139σ 

121σ126σ128σ-

147σ148σ150σ 

117σ126σ128σ-

141σ142σ146σ 

121σ126σ128σ-

139σ140σ141σ 

121σ126σ128σ- 

141σ144σ145σ 

16(127) 118σ125σ127σ-

134σ136σ138σ 

118σ125σ127σ-

143σ144σ145σ 

117σ125σ127σ-

135σ140σ143σ 

121σ125σ127σ-

136σ143σ144σ 

120σ121σ127σ-

136σ143σ144σ 

17(127) 117σ118σ125σ-

134σ135σ137σ 

120σ125σ127σ-

144σ149σ150σ 

120σ125σ127σ-

136σ139σ140σ 

120σ125σ127σ-

135σ139σ142σ 

120σ125σ127σ-

136σ137σ139σ 

18(127) 118σ125σ127σ-

136σ137σ140σ 

120σ125σ127σ-

147σ152σ157σ 

120σ125σ127σ-

137σ141σ142σ 

120σ125σ127σ-

130σ136σ137σ 

117σ125σ127σ-

136σ137σ142σ 

 

Table 14: Local molecular orbitals of atoms 25, 26, 27, 28, 29 and 30 

Mol. Atom 25 Atom 26 Atom 27 Atom 28 Atom 29 Atom 30 

1 (124) 118σ122π124π-

127π128π134σ 

122π123σ124π-

127π128π134σ 

121π122π124π-

127π128π136σ 

111σ118π121π-

127π128π136σ 

121π122π124π-

127π128π136σ 

122π123σ124π-

127π128π136σ 

2(128) 120σ126π128σ-

131π133π136σ 

124π126π128σ-

131π133π136σ 

124π126π128σ-

131π133π136σ 

119σ120π124π-

131π133π136σ 

120π124π126π-

131π133π144σ 

120π126π128σ-

131π133π136σ 

3(128) 122π125π128π- 122π125π128π- 122π125π128π- 122π125π128π- 122π125π128π- 122π125π128π-
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131π132π134σ 131π132π134σ 131π132π146σ 131π132π134σ 131π132π134σ 131π132π134σ 

4(128) 121σ124π128π-

131π133π140σ 

121σ124π128π-

131π133π136σ 

121σ124π128π-

131π133π136σ 

121π124π128π-

131π133π136σ 

121π124π128π-

131π133π136σ 

121π126σ128π-

131π133π136σ 

5(136) 128σ134σ135π-

139π140π143σ 

132π134σ135π-

139π140π143σ 

132π134σ135π-

139π140π143σ 

128π132π135π-

139π140π143σ 

128π132π135π-

139π140π143σ 

132π134σ135π-

139π140π143σ 

6(136) 130σ134σ136π-

139π140π141σ 

133π134σ136π-

139π140π141σ 

133π134σ136π-

139π140π154σ 

133π134σ136π-

139π140π141σ 

130π133π136π-

139π140π141σ 

133π134σ136π-

139π140π141σ 

7(136) 128σ134σ135π-

139π141π149σ 

131π134σ135π-

139π141π149σ 

131π134σ135π-

139π141π149σ 

128π131π135π-

139π141π156σ 

128π131π135π-

139π141π149σ 

131π134σ135π-

139π141π149σ 

8(136) 123π130π136π-

139π140π149σ 

133π135σ136π-

139π140π149σ 

133π135σ136π-

139π140π149σ 

130π133π136π-

139π140π152σ 

130π133π136π-

139π140π155σ 

130π135σ136π-

139π140π158σ 

9(115) 108σ113σ115π-

118π119π123σ 

112π113σ115π-

118π119π123σ 

108σ112π115π-

118π119π123σ 

106σ108π112π-

118π119π123σ 

108π112π115π-

118π119π136σ 

108π113σ115π-

118π119π124σ 

10(119) 112σ117π119σ-

122π123π125σ 

116π117π119σ-

122π123π125σ 

116π117π119σ-

122π123π125σ 

111σ112π116π-

122π123π125σ 

112π116π117π-

122π123π131σ 

112π117π119σ-

122π123π125σ 

11(119) 112σ117σ119π-

122π123π125σ 

112σ116π119π-

122π123π125σ 

116π117σ119π-

122π123π137σ 

112π116π119π-

122π123π125σ 

112π116π119π-

122π123π125σ 

112π117σ119π-

122π123π125σ 

12(119) 112σ115π119π-

122π123π128σ 

112σ115π119π-

122π123π125σ 

112σ115π119π-

122π123π125σ 

112π115π119π-

122π123π125σ 

112π115π119π-

122π123π125σ 

111π112π119π-

122π12π3125σ 

13(127) 120σ125σ126π-

129π131π132σ 

124π125σ126π-

129π131π132σ 

124π125σ126π-

129π131π132σ 

119σ120π124π-

129π131π132σ 

120π124π126π-

129π131π132σ 

124π125σ126π-

129π131π132σ 

14(127) 120σ125σ127π-

130π131π132σ 

120σ124π127π-

130π131π132σ 

124π125σ127π-

130π131π143σ 

120π124π127π-

130π131π132σ 

120π124π127π-

130π131π132σ 

124π125σ127π-

130π131π132σ 

15(128) 124π126π128π-

131π132π137σ 

124π126π128π-

131π132π133σ 

124π126π128π-

131π132π133σ 

124π126π128π-

131π132π133σ 

124π126π128π-

131π132π133σ 

124π126π128π-

131π132π133σ 

16(127) 121σ125σ127σ-

129π131π136σ 

120π121π125σ-

129π131π135σ 

121σ125σ127σ-

129π131π136σ 

120π121π125π-

129π131π136σ 

120π121σ125π-

129π131π136σ 

120π121π125σ-

129π131π143π 

17(127) 120σ125σ127π-

129π131π137σ 

122π125σ127π-

129π131π136σ 

122π125σ127π-

129π131π136σ 

120π122π127π-

129π131π145σ 

120π122π127π-

129π131π143σ 

122π125σ127π-

129π131π136σ 

18(127) 120σ125π127π-

130π131π140σ 

122σ125π127π-

130π131π136σ 

122σ125π127π-

130π131π136σ 

120σ121π122π-

130π131π136σ 

122σ125π127π-

130π131π142σ 

120σ125π127π-

130π131π136σ 

 

Discussion 

The Discussion section follows guidelines presented in previous articles [40, 41, 73]. 

 

Discussion of serotonin 5-HT1A receptor binding affinity results 

Table 2 shows that the importance of variables in Eq. 1 is S8
E
(HOMO-1)*> S14

N
(LUMO)*>> S21

N 
= S21

E
(HOMO-

1)*> F26(LUMO+2)*. The analysis of Eq. 1 shows that a high serotonin 5-HT1A receptor binding affinity is 

associated with small (negative) values for S8
E
(HOMO-1)*, large (positive) values for S14

N
(LUMO)*, small values 

for S21
N
, small (negative) values fo rS21

E
(HOMO-1)* and large values for F26(LUMO+2)*. Atom 8 is a carbon atom 

in ring A (Fig. 2). The local (HOMO)8* has a π nature in all molecules while (HOMO-1)8* has a σ or π nature 

(Table 12). Fig. 8 shows the local (HOMO)8* of molecule 1. 
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Figure 8: Local (HOMO)8* of molecule 1 (see Fig. 2 for atom numbering) 

LUMO8* coincides with the molecular LUMO in all molecules (Table 12). A small (negative) value of S8
E
(HOMO-

1)* is obtained by lowering the MO energy, lowering the Fukui index of (HOMO-1)8* or using both procedures 

simultaneously. In all cases the electron donating capacity of this MO is reduced. Now, if we accept that the same 

reasoning can be applied to (HOMO)8* then we suggest that atom 8 is acting as an electron-acceptor and is engaged 

most probably in a π-π interaction, participating alone or together with one or more atoms of ring A. Atom 14 is a 

saturated carbon atom inside the chain linking rings C and D (Fig. 2). All local MOs have a σ nature (Table 12). A 

high serotonin5-HT1A receptor affinity is associated with large (positive) values of S14
N
(LUMO)*. Figure 9 shows 

(LUMO)14
*
 of molecule 2. 

 
Figure 9: (LUMO)14

*
 of molecule 2 (see Fig. 2 for atom numbering) 

These large values can be obtained by lowering the MO energy making (LUMO)14* more reactive. For this reason 

we suggest that atom 14 is participating in a σ-π (with an aromatic system) or in an alkyl interaction (with aliphatic 

amino acid side-chains).Atom 21 is a saturated carbon atom in ring D (Fig. 2). All local MOs have a σ nature (Table 

13).  A high receptor affinity is associated with small values of S21
N
 and small (negative) values of S21

E
(HOMO-1)*. 

Table 2 shows that both reactivity indices show similar beta values and t-test results. Regarding S21
N
, we know that 

the dominant term is S21
N
(LUMO)*. Therefore the process for obtaining small values will transform atom 21 in a 

very bad electron acceptor. On the other hand, small negative values for S21
E
(HOMO-1)* are obtained by shifting 

downwards (i.e., increasing the negative energy) of  this local MO making this atom also a bad electron donor. The 

only hypothesis we can offer for these two facts (appearing for the first time) is that atom 21 is close to a 3D neutral 

area formed by atoms that should be also bad electron donors and bad electron acceptors. Atom 26 is a carbon atom 

in ring E (Fig. 2). Large values of F26(LUMO+2)* are linked to high affinity. This immediately suggests that atom 

26 is interacting with an electro-rich center probably through π-π interactions.All the suggestions are displayed in 

the partial 2D pharmacophore of Fig. 10. 
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Figure 10: Partial 2D pharmacophore for serotonin5-HT1A receptor binding affinity 

 

Discussion of serotonin 5-HT2A receptor binding affinity results 

Table 4 shows that the importance of variables in Eq. 2 is F30(LUMO+1)*>S8
E
(HOMO-

1)*>S21
N
(LUMO+2)*>μ16

*
>>S16

N
(LUMO+2)*. Because of the t-test results S16

N
(LUMO+2)* will not be discussed. 

A high serotonin 5-HT2A receptor binding affinity is associated with small (negative) numerical values of 

S8
E
(HOMO-1)*, large numerical values of F30(LUMO+1)* and S21

N
(LUMO+2)*, and with small (negative) values 

of μ16
*
. Atom 8 is a carbon atom in ring A (Fig. 2). Small (negative) numerical values of S8

E
(HOMO-1)* are 

associated with a high serotonin5-HT2A receptor affinity. With the same reasoning used for this atom in the case of 

serotonin 5-HT2A receptor we suggest that atom 8 is engaged most probably in a π-π interaction with an electron-rich 

center, participating alone or together with one or more atoms of ring A. Atom 30 is a carbon atom in ring E (Fig. 2). 

For a higher receptor affinity we need larger numerical values for F30(LUMO+1)*. This suggests that atom 30 is 

interacting with an electron-rich center through at least its first two lowest empty local MOs. Table 14 shows that 

(LUMO)30
*
 and (LUMO+1)30

*
 have a π nature. Figure 11 shows the (LUMO+1)30

*
 of molecule 3. 

 
Figure 11: (LUMO+1)30

*
 of molecule 3 (see Fig. 2 for atom numbering) 

 Therefore the interaction is probably of the π-π kind but a π-σ interaction cannot be ruled out. Atom 21 is a 

saturated carbon atom in ring D (Fig. 2). All local MOs have a σ nature (Table 13). A high receptor affinity is 

associated with large numerical values for S21
N
(LUMO+2)*. These values are obtained by shifting downwards the 

MO energy, making this MO more reactive. Therefore, we suggest that this atom is interacting with an electron-rich 

center through σ-π and/or alkyl interactions. Atom 16 is a saturated carbon atom in the chain linking rings C and D 

(Fig. 2). Small (negative) values for μ16
*
 are associated with high receptor affinity. Remembering that this local 

atomic reactivity index corresponds in this case to half of the (HOMO)16*-(LUMO)16* gap, a small negative value 

means that the (HOMO)16* energy is shifting toward zero, making this atom a better electron donor. Figure 12 

shows the (HOMO)16* of molecule 4. 
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Figure 12: (HOMO)16* of molecule 4 (see Fig. 2 for atom numbering) 

This suggests that atom 16 is interacting with an electron-deficient center (through alkyl, σ-π and/or σ-cation 

interactions). All the suggestions are displayed in the partial 2D pharmacophore of Fig. 13. 
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Figure 13: Partial 2D pharmacophore for serotonin 5-HT2A receptor binding affinity 

 

Discussion of serotonin 5-HT6 receptor binding affinity results 

Table 6 shows that the importance of variables in Eq. 3 is S2
E
(HOMO-1)*>>F19(HOMO-2)*>μ29

*
>>μ22

*
. A high 

serotonin 5-HT6 receptor binding affinity activity is associated with small (negative) numerical values for 

S2
E
(HOMO-1)*, large numerical values for F19(HOMO-2)*, large (negative) values for μ29

*
 and μ22

*
. Atom 2 is a 

carbon atom belonging to rings B and C (Fig. 2). Small (negative) numerical values for S2
E
(HOMO-1)* are 

associated with high affinity. Those small values make atom 2 a bad electron donor. If we accept the hypothesis that 

the same condition holds for S2
E
(HOMO)* and that this index is not appearing in Eq. 3 only because it is not 

statistically significant, then we suggest that atom 2 is interacting with en electron-rich center. The other way to get 

small values for S2
E
(HOMO-1)* and S2

E
(HOMO)* is by removing the localization of these specific local MOs on 

atom 21. Table 12 shows that (LUMO)2*and(LUMO+1)2* have a π nature. Figure 14 shows (LUMO)2* of molecule 

5. 

 
Figure 14: (LUMO)2* of molecule 5 (see Fig. 2 for atom numbering) 

Therefore, the most probable interaction is a π-π one. Atom 19 is one of the nitrogen atoms of ring D (Fig. 2). All 

local MOs have not a π nature (Table 13). Large numerical values for F19(HOMO-2)* are associated with high 

affinity. This suggests that atom19 is interacting with an electron-deficient center (note that (LUMO)19* corresponds 

to a higher empty MO). This interaction seems to be an alkyl one. Atom 29 is a carbon atom of ring E (Fig. 2). A 

high affinity is associated with large (negative) numerical values for μ29
*
. These values are obtained by shifting 
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downwards the (HOMO)29* energy, making this MO less reactive and (LUMO)29* more reactive. For this reason we 

suggest that atom 29 is interacting with an electron-rich center. Table 14 shows that the two lowest empty local MOs 

have a π nature. Therefore the interaction can be of the π-π, π-σ and/or π-anion kinds. Atom 22 is a saturated carbon 

atom of ring D (Fig. 2). Large (negative) numerical values for μ22
*
 are associated with high receptor affinity. 

Following a similar reasoning employed for atom 29, we suggest that atom 22 interacts with an electron-rich center. 

Table 13 shows that all local MOs have a σ nature. Figure 15 shows (LUMO)22* of molecule 6. 

 
Figure 15: (LUMO)22* of molecule 6 (see Fig. 2 for atom numbering) 

 Therefore the interaction can be of the σ-anion, alkyl and/or σ-π kinds. All the suggestions are displayed in the 

partial 2D pharmacophore of Fig. 16. 
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Figure 16: Partial 2D pharmacophore for serotonin5-HT6 receptor binding affinity 

Discussion of serotonin 5-HT7 receptor binding affinity results 

Table 8 shows that the importance of variables in Eq. 4 is F28(LUMO+1)*>> S8
E
(HOMO)* 

>S29
N
(LUMO)*>S22

N
(LUMO)*>F18(HOMO-2)*>F19(HOMO-2)*. Because of the t-test results, F18(HOMO-2)* and 

F19(HOMO-2)* will not be discussed. A high serotonin 5-HT7 receptor activity is associated with small numerical 

values for F28(LUMO+1)*, large (negative) numerical values for S8
E
(HOMO)*, small numerical values for 

S29
N
(LUMO)* and small numerical values for S22

N
(LUMO)*.Atom 28 is a carbon atom in ring E (Fig. 2). Small 

numerical values for F28(LUMO+1)* are associated with high 5-HT7receptor affinity. These types of values are 

obtained by lowering the localization of (LUMO+1)28
*
. An ideal situation is when F28(LUMO+1)*=0. If 

(LUMO+1)28
*
 follows the same trend atom 20 will behave as a bad electron acceptor. On the other hand, Table 14 

shows that in all cases (HOMO)28
*
 has a π character. Figure 17 shows (HOMO)28

*
 of molecule 7. 

 
Figure 17: (HOMO)28

*
 of molecule 7 (see Fig. 2 for atom numbering) 
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On this basis we suggest that atom 28 is interacting with an electron-rich moiety through π-π, π-σ and /or alkyl 

interactions. Atom 8 is a carbon atom in ring A (Fig. 2). Large (negative) numerical values for S8
E
(HOMO)* are 

required for high receptor affinity. Table 12 shows that (HOMO)8* has a π nature in all cases. Large negative values 

are obtained by shifting upwards the (HOMO)8* energy (i.e., approaching it to zero) making this MO more reactive. 

Therefore it is suggested that this atom interacts with an electron-deficient center through π-π and/or π-cation 

interactions. Atom 29 is a carbon atom in ring E (Fig. 2). Small numerical values for S29
N
(LUMO)* are associated 

with high receptor affinity. These types of values are obtained by enlarging the MO energy making it less reactive. 

The ideal case is when S29
N
(LUMO)*→0. On the other hand, Table 14 shows that (HOMO)29* has a π nature in all 

molecules. Figure 18 shows the (HOMO)29* of molecule 8. 

 
Figure 18: (HOMO)29* of molecule 8 (see Fig. 2 for atom numbering) 

We suggest that atom 29 is interacting with an electron-deficient center through π-cation and/or π-π interactions. 

Atom 22 is a saturated carbon atom in ring D (Fig. 2). All local MOs have not a π nature (Table 13). A high receptor 

affinity is associated with small numerical values for S22
N
(LUMO)*. Table 13 shows that (LUMO)22

*
does not 

coincide with the molecular LUMO and that it corresponds to a very high empty  molecular MO. Therefore atom 22 

behaves as a very bad electron donor. Considering that (HOMO)22
*
 coincides with the molecular HOMO, HOMO-1 

or HOMO-2 it is possible to suggest that this atom is interacting with an electron deficient center through σ-cation, 

σ-π or alkyl interactions. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 19. 

X

N

N N

8

22 29

28

A

B C

D E

Electron-rich moiety.
 Pi-pi, pi-sigma and /or alkyl 
interactions.

Electron-deficient center.
Pi-pi and/or pi-cation
interaction(s).

Electron-deficient center. 
Pi-cation and/or pi-pi
interaction(s).

Electron deficient center.
Sigma-cation, sigma-pi 
and/or alkyl interaction(s).

 
Figure 19: Partial 2D pharmacophore for serotonin 5-HT7 receptor affinity 

 

Discussion of the dopamineD2 receptor binding affinity results 

Table 10 shows that the importance of variables in Eq. 5 is S7
E
(HOMO-1)*>>S19

N
(LUMO+1)*> 

S20
N
(LUMO+2)*>S25

N
(LUMO+2)*>S27

E
. Because of the t-test result S27

E
 will not be discussed. A high dopamine D2 

receptor affinity is associated with small numerical (negative) values for S7
E
(HOMO-1)*, small numerical values for  

S19
N
(LUMO+1)*, large numerical values for S20

N
(LUMO+2)* and S25

N
(LUMO+2)*. Atom 7 is a carbon atom in 
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rings A and C (Fig. 2). Small numerical (negative) values for S7
E
(HOMO-1)* are associated with high dopamine D2 

receptor affinity. Small values are obtained by decreasing the location of this MO on atom 7 or by making its energy 

more negative. If S7
E
(HOMO)* follows the same trend, then atom 7 is behaving as a bad electron donor. On the 

other hand (LUMO)7* has a π nature in all molecules (Table 12) and coincides with the molecular LUMO. Figure 20 

shows the (LUMO)7* of molecule 9. 

 
Figure 20: (LUMO)7* of molecule 9 (see Fig. 2 for atom numbering) 

We suggest then that atom 7 is interacting with an electron-rich center through π-π or π-anion interactions. Atom 19 

is a nitrogen atom in ring D (Fig. 2). All local MOs have not a π nature. A high receptor affinity is associated with 

small numerical values for S19
N
(LUMO+1)*. These values transform atom 19 in a bad electron acceptor. This is 

consistent with the fact that this MO is energetically very far from the molecular LUMO (see Table 13). This Table 

also show that (HOMO)19
*
 coincides with the molecular HOMO, HOMO-1 or HOMO-2. For these reasons we 

suggest that atom 19 is interacting with an electron deficient center through σ-cation, σ-π and/or alkyl interactions. 

Atom 20 is a saturated carbon atom in ring D (Fig. 2). All local MOs have not a π nature. Large numerical values for 

S20
N
(LUMO+2)* are needed for high receptor affinity. These values are obtained by shifting downwards the MO 

energy (i.e., toward zero) making (LUMO+2)20
*
 more reactive. This also makes (LUMO+1)20

*
 and (LUMO)20

*
 more 

reactive. Table 13 shows that (LUMO)20
*
 is very far from the molecular LUMO. This is an interesting fact to 

explore by experiment or by theory, trying to determine if there is a way to lower (LUMO)20
*
. If our results are 

correct this could open an interesting way to explore the real role that ring D plays in determining receptor affinity. 

We tentatively suggest that atom 20 is facing an electron-rich center. The interactions can be of the σ-anion and/or 

σ-π kinds. Atom 25 is a carbon atom in ring E (Fig. 2). Large numerical values for S25
N
(LUMO+2)* are needed for a 

high D2 dopamine receptor affinity. Large values for this index are obtained by shifting toward zero the energy of 

(LUMO+2)25
*
, making it more reactive. This, in turn, will also make (LUMO+1)25

*
 and (LUMO)25

*
 more reactive. 

Table 14 shows that (LUMO+1)25
*
 and (LUMO)25

*
 have a π nature while (LUMO+2)25

*
 is a σ MO in all cases. 

Figure 21 shows the (LUMO+2)25
*
 of molecule 10. 

 
Figure 21: (LUMO+2)25

*
 of molecule 10 (see Fig. 2 for atom numbering) 

It would be interesting to explore the effects on receptor affinity when the three lowest empty local MOs of this 

atom have of a π nature. It is suggested that atom 25 is interacting with an electron-rich moiety through π-π, π-anion 

and/or π-σ interactions. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 22. 
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X

N
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20
25

A
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D

E

Electron-rich center.
Pi-pi and/or pi-anion
interactions.

Electron-deficient center.
Sigma-cation, sigma-pi
 and/or alkyl interactions.

Electron-rich center.
Sigma-anion and/or
sigma-pi interactions.

Electron-rich moiety.
Pi-pi, pi-anion and/or
pi-sigma interactions.

 
Figure 22: Partial 2D pharmacophore for dopamine D2 receptor affinity 

In summary, we have obtained statistically significant relationships between the electronic structure and the receptor 

binding affinity one dopaminergic (D2) and four serotonergic (5-HT1A, 5-HT2A, 5-HT6, 5-HT7) receptors for a series 

of fananserin derivatives. All the QSAR results show again that sigma molecular orbitals in rings and/or linkers are 

playing a role in the molecule-receptor interaction.  
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