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ABSTRACT 

 
We analyzed the relationships between the electronic structure and cloned rat 5-HT2C receptor 

binding affinity for a large group of N‑Benzylphenethylamines. The electronic structure of the molecules was 
obtained at the B3LYP/6-31G(d,p) level with full geometry optimization. Three statistically significant 
equations were obtained. From them the requirements for a high affinity were inferred. The partial interaction 
pharmacophores, containing information for the synthesis of new molecular systems with enhanced affinity, 
are proposed. 
Keywords: 5-HT2C receptor, QSAR, DFT, serotonin, receptor binding affinity, docking, 
N‐benzylphenethylamines, chemical reactivity, local reactivity indices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 

 

 

*Corresponding author 
 



ISSN: 0975-8585 

May – June  2015  RJPBCS   6(3)  Page No. 1359 

INTRODUCTION 
 

The 5-HT2C receptor is one of the various binding sites for serotonin. 5-HT2C receptors are strongly 
expressed all through the CNS and are expressed at minor levels outside the brain [1]. 5-HT2C receptors 
regulate dopamine release in, for example, the amygdala, hippocampus, hypothalamus, nucleus accumbens, 
prefrontal cortex and the striatum. 5-HT2C receptors are claimed to significantly regulate mood, anxiety, 
obesity, cognition, appetite, addiction, antipsychotic drug actions and reproductive behavior [1-25]. Also a 
certain number of suicide victims have an unusually high number of 5-HT2C receptors in their prefrontal cortex.   
Several groups of molecules binding to 5-HT2C receptors have been synthesized and tested [20, 26-49].  

Recently we carried out docking and structure-affinity studies for a group of N‑Benzylphenethylamines 
interacting with 5-HT2A and 5-HT2B receptors. To complete the study of these molecules we present here the 
results of a quantum-chemical analysis of the relationships between the electronic structure and the cloned 
rat 5-HT2C receptor binding affinity of the above mentioned molecules. 

 
METHODS, MODELS AND CALCULATIONS 
 

As this is the third part of a study we refer the reader to the previous papers and other references for 
more details about the formal method employed here [50-56]. In summary, the receptor binding affinity, pK, 
can be expressed by the following linear expression: 
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where Qi is the net charge of atom j, Sj

E
 and Sj

N
 are the total atomic electrophilic and nucleophilic 

superdelocalizabilities of Fukui, Fj,m (Fj,m’) is the Fukui index of the occupied (empty) MO m (m’) localized on 
atom j. Sj

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

electrophilic superdelocalizability of atom j is the sum over occupied MOs of the S j
E
(m)’s and the total atomic 

nucleophilic superdelocalizability of atom j is the sum over empty MOs of the Sj
N
(m)’s. The last bracket of the 

right side of Eq. 1 contains a novel set of local atomic reactivity indices obtained from the Hartree-Fock LCAO-
MO and DFT models. Hereafter, HOMOj* refers to the highest occupied molecular orbital localized on atom j 

and LUMOj* to the lowest empty MO localized on atom j. j is the local atomic electronic chemical potential 

of atom j (the HOMOj*-LUMOj* midpoint), j is the local atomic hardness of atom j (the HOMOj*-LUMOj* 

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

jQ  is the 

maximal amount of electronic charge that atom j may accept. The moment of inertia term of Eq. 1 can be 
expressed as: 
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                      (2) 

 
where the summation on t is over the different substituents of the molecule, mi,t is the mass of the i-th atom 
belonging to the t-th substituent, Ri,t being its distance to the atom to which the substituent is attached. These 
terms represent the fraction of molecules attaining the right orientation to interact with the receptor. We 
called them orientation parameters. The application of this method to affinity constants [53, 57-74] and other 
kinds of biological activities [75-97] has given excellent results. The selected molecules are shown in Fig. 1 and 
Table 1 [98]. 
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Figure 1. General formula of N‑Benzylphenethylamines. 

 
Table 1. Selected N‑Benzylphenethylamines*. 

 

Mol. R1 R2 R3  Mol. R1 R2 R3 

1 Br OMe H  23 Pr F H 
2 Br OH H  24 Pr O-CH2-O 
3 Br F H  25 SMe OMe H 
4 Br O-CH2-O  26 SMe OH H 
5 Cl OMe H  27 SMe F H 
6 Cl OH H  28 SMe O-CH2-O 
7 Cl F H  29 SEt OMe H 
8 Cl O-CH2-O  30 SEt OH H 
9 F OMe H  31 SEt F H 

10 F OH H  32 SEt O-CH2-O 
11 F F H  33 SPr OMe H 
12 F O-CH2-O  34 SPr OH H 
13 Me OMe H  35 SPr F H 
14 Me OH H  36 SPr O-CH2-O 
15 Me F H  37 CF3 OMe H 
16 Me O-CH2-O  38 CF3 OH H 
17 Et OMe H  39 CF3 F H 
18 Et OH H  40 CF3 O-CH2-O 
19 Et F H  41 CN OMe H 
20 Et O-CH2-O  42 CN OH H 
21 Pr OMe H  43 CN F H 
22 Pr OH H  44 CN O-CH2-O 

 
* Molecule 41 was not employed due to convergence problems during the geometry optimization process. 
 

As in the previous papers dealing with 5-HT2A and 5-HT2B receptors, we considered three different 
groups of molecules: the entire set (n=43, set I), a second set in which the R1 substituent is an alkyl moiety 
(molecules 13-24 and 37-40, n=16, set II) and a third set in which R1 is halogen, S-alkyl or CN (molecules 1-12, 
25-36 and 42-44, n=27, set III). The common skeleton for all sets is shown in Fig. 2.  

 

 
Figure 2. Numbering of the common skeleton. 

 
In addition to rings A and B and the heavy atoms of the linker joining them, we included as part of the 

common skeleton one of the N protons, the oxygen and carbon atoms of both OMe substituents and the first 
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atom attached to position 22 in Fig. 2. The biological activity selected is the ability of these compounds to 
displace [3H]-mesulergine at 5‐HT2C cloned rat receptors [98]. These data are expressed as pK and it is shown 
in Table 2. 

 
Table 2. N‑Benzylphenethylamines derivatives and binding affinities. 

 

Mol. pK 5-HT2C Mol. pK 5-HT2C 

1 8.77 23 7.88 

2 8.33 24 8.13 

3 7.73 25 8.15 

4 7.95 26 8.29 

5 8.27 27 7.16 

6 8.21 28 7.56 

7 7.43 29 8.65 

8 7.67 30 8.72 

9 7.36 31 7.64 

10 7.16 32 8.04 

11 6.31 33 8.71 

12 6.59 34 8.66 

13 8.23 35 7.84 

14 7.92 36 8.06 

15 7.18 37 8.57 

16 7.43 38 8.49 

17 8.55 39 7.74 

18 8.47 40 7.93 

19 7.58 41 7.25 

20 7.92 42 6.88 

21 8.79 43 6.2 

22 8.51 44 6.86 

 
CALCULATIONS 
 

All calculations were done for the protonated form. The calculation procedure was done as in the two 
related papers [73, 74]: geometries were fully optimized within the B3LYP/6-31G(d,p) framework with the 
Gaussian suite of programs [99]. From the single point result we corrected the Mulliken Population Analysis 
and calculated all the necessary local atomic reactivity indices with the D-CENT-QSAR program [100, 101]. 
Molecular electrostatic potentials and molecular orbitals (MO) were depicted with GaussView and Molekel, 
and conformers were calculated with MarvinView [102-104]. As there are no enough cases to solve the system 
of equations 1, we carried out a linear multiple regression analysis (LMRA) with the Statistica software [105]. 

 
RESULTS 

 
Results for the whole set of molecules (I) 
 
Results for the 5-HT2C binding affinity of the whole set of molecules (I) 
 

No statistically significant equation was obtained for the whole set. Extracting one by one the cases 
producing outliers we finally obtained: 
 



ISSN: 0975-8585 

May – June  2015  RJPBCS   6(3)  Page No. 1362 

3 13 20

2 15 22 17

31.83 1.30 3.62 3.47 ( )*

17.28 0.78 ( 1)* 3.63 0.90 ( )*

E E E

ipK S S S HOMO

F HOMO F LUMO 

     

    
               (2) 

 
with n=36, R= 0.99, R²= 0.98, adj-R²= 0.98, F(7,28)=208.75 (p<0.00001) and a standard error of estimate of 

0.11. No outliers were detected and no residuals fall outside the ±2.00 σ limits. Here, 
3

ES  is the total atomic 

electrophilic superdelocalizability of atom 3 (in ring A), 
13

ES  is the total atomic electrophilic 

superdelocalizability of atom 13 (in ring B), 
20( )*ES HOMO  is the orbital electrophilic superdelocalizability of 

the highest occupied MO localized on atom 20 (a carbon atom of a MeO substituent), 2  is the local atomic 

hardness of atom 2 (in ring A),  15( 1)*F HOMO  is the Fukui index of the second highest occupied MO 

localized on atom 15 (in ring B), 22  is the local atomic electronic chemical potential of atom 22 (the atom 

directly bonded to position 2) and 17 ( )*F LUMO  is the Fukui index of the lowest vacant MO localized on 

atom 17 (in ring B). Tables 3 and 4 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 appearing in Eq. 
2. Figure 3 shows the plot of observed vs. calculated values. 
 

Table 3. Beta coefficients and t-test for significance of coefficients in Eq. 2. 
 

 Beta t(28) p-level 

3

ES  -0.82 -26.04 <0.000001 

13

ES  -0.47 -14.29 <0.000001 

20( )*ES HOMO  -0.25 -8.01 <0.000001 

2  0.22 6.84 <0.000001 

15( 1)*F HOMO  0.16 5.80 <0.000003 

22  -0.14 -5.30 <0.00001 

17 ( )*F LUMO  0.08 2.45 <0.02 

 
 

Table 4. Matrix of squared correlation coefficients for the variables in Eq. 2. 
 

 
3

ES  13

ES  20( )*ES HOMO  
2  15( 1)*F HOMO  

22  

13

ES  0.05 1.00     

20( )*ES HOMO  0.22 0.004 1.00    

2  0.12 0.06 0.16 1.00   

15( 1)*F HOMO  0.002 0.005 0.005 0.01 1.00  

22  0.03 0.04 0.03 0.003 0.001 1.00 

17 ( )*F LUMO  0.008 0.19 0.005 0.0009 0.04 0.01 
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Figure 3. Plot of predicted vs. observed pK values (Eq. 2). Dashed lines denote the 95% confidence interval. 

 
Table 9 shows that there are no significant internal correlations between independent variables. The 

associated statistical parameters of Eq. 2 show that this equation is statistically significant and that the 
variation of a group of seven local atomic reactivity indices belonging to the common skeleton explains about 
98% of the variation of the 5-HT2C receptor binding affinity. Figure 3, spanning almost 2.6 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. 

 
Results for the set II of molecules 
 
Results for 5-HT2C binding affinity of set II. 
 

The whole set LMRA analysis detected one outlier. After extracting the corresponding case, the 
following statistically significant equation was obtained: 

 

13 124.16 4.55 0.002E

i RpK S         (3) 

 
with n=15, R= 0.97, R²= 0.95, adjusted R²= 0.94, F(2,12)=114.52  (p<0.00000) and a standard error of estimate 

of 0.11. No outliers were detected and no residuals fall outside the ±2.00 σ limits. Here, 1R is the 

orientational parameter of the R1 substituent and 13

ES  is the total atomic electrophilic superdelocalizability of 

atom 13 (in ring B). Tables 5 and 6 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 appearing in Eq. 
3. Figure 4 shows the plot of observed vs. calculated values. 
 

Table 5. Beta coefficients and t-test for significance of coefficients in Eq. 3. 
 

 Beta t(12) p-level 

13

ES  -0.89 -13.66 <0.000001 

1R  0.56 8.62 <0.000002 

 
 

Table 6. Matrix of squared correlation coefficients for the variables in Eq. 3. 
 

 
13

ES  

1R  0.03 
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Figure 4. Plot of predicted vs. observed pK values (Eq. 3). Dashed lines denote the 95% confidence interval. 

 
Table 15 shows that there are no significant internal correlations between independent variables. The 

associated statistical parameters of Eq. 3 show that this equation is statistically significant and that the 
variation of a group of two local atomic reactivity indices belonging to the common skeleton explains about 
94% of the variation of the 5-HT2C receptor binding affinity. Figure 4, 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. 

 
Results for the set III of molecules 
 
Results for 5-HT2C binding affinity of set II. 
 

Two outliers were detected in the first two LMRA results. Once the corresponding cases were 
eliminated the following statistically significant equation was obtained: 

 

22 12 1029.31 0.67 ( 1)* 5.66 6.29 ( 1)*E E E

ipK S HOMO S S HOMO          (4) 

 
with n=25, R= 0.97, R²= 0.94, adjusted R²= 0.94, F(3,21)=117.66 (p<0.000001) and a standard error of estimate 

of 0.19. No outliers were detected and no residuals fall outside the ±2.00 σ limits. Here, 22( 1)*ES HOMO  is 

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

atom directly bonded to position 2 in ring A), 12

ES  is the total electrophilic superdelocalizability of atom 12 (the 

carbon atom of the NH-ring B linker) and 10( 1)*ES HOMO  is the orbital electrophilic superdelocalizability 

of the second highest occupied MO localized on atom 10 (one of the carbon atoms of the NH-ring A linker). 
Tables 7 and 8 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 appearing in Eq. 4. Figure 5 shows the plot 
of observed vs. calculated values. 
 

Table 7. Beta coefficients and t-test for significance of coefficients in Eq. 4. 
 

 Beta t(21) p-level 

22( 1)*ES HOMO  -0.68 -12.68 <0.000001 

12

ES  -0.53 -9.96 <0.000001 

10( 1)*ES HOMO  0.19 3.73 <0.001 
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Table 8. Matrix of squared correlation coefficients for the variables in Eq. 4. 
 

 
22( 1)*ES HOMO  

12

ES  

12

ES  0.004 1.00 

10( 1)*ES HOMO  0.0004 0.009 
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Figure 5. Plot of predicted vs. observed pK values (Eq. 4). Dashed lines denote the 95% confidence interval. 

 
Table 8 shows that there are no significant internal correlations between independent variables. The 

associated statistical parameters of Eq. 4 show that this equation is statistically significant and that the 
variation of a group of three local atomic reactivity indices belonging to the common skeleton explains about 
94% of the variation of the 5-HT2C receptor binding affinity. Figure 5, spanning about 2.5 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. 

 
DISCUSSION 

 
It is the simultaneous variation of all the numerical values of the LARIs appearing in the equations 

which explains the variation of the activity through the group. Those reactivity indices of atoms participating in 
the interaction but having a constant numerical value in all molecules will not appear in the LRMA equations. 
This is the major reason to employ the term “partial pharmacophore” to represent the pharmacophores built 
from these kinds of results. Also, all molecular orbital-related LARIs employed here (Fukui indices and orbital 
superdelocalizabilities) have non-zero values (this is so because of the way we build the data matrix, see [68]). 
Therefore, it is of common sense to accept that if an occupied MO different from the HOMO and localized on a 
particular atom appears in the equations, the occupied MOs having a lower energy and localized on the same 
atom also participate in the interaction. An analysis is carried out employing the variable-by-variable (VbV) 
method: the conditions that a particular reactivity index must fulfill for a high pKi are determined and the 
corresponding interaction or interactions are proposed. In the case of the orbital-related LARIs the nature (σ, 
π, lone pair, etc.) of the MOs must be taken into account. In the case of the local MO structures of atoms 
appearing in Eq. 2-4 (atoms 10, 15, 17, 20 and 22), they have been tabulated in Refs. [73, 74]. 

 
Discussion of the results for the 5-HT2C binding affinity of the whole set of molecules 
 

The beta values (Table 3) show that the relative importance of these indices is 3

ES >> 13

ES > > 

20( )*ES HOMO > 2 > 15( 1)*F HOMO > 22 > 17 ( )*F LUMO . A VbV analysis of Eq. 2 shows that a 

high pK value is associated with high values for
E

3S ,
E

13S ,
E

20S (HOMO)* , 2η , 15F (HOMO-1)*  and 

17F (LUMO)* , and with a highly negative value for 22μ . Atoms 3 and 13 are carbon atoms belonging, 

respectively, to rings A and B (Fig. 2). High values for 
E

3S  and 
E

13S  suggest that these atoms are interacting with 

electron-acceptor centers (π-cation, π-alkyl and/or carbon H-bond interactions). In general a carbon H-bond 



ISSN: 0975-8585 

May – June  2015  RJPBCS   6(3)  Page No. 1366 

has the form C-H….O). Atom 2 is a carbon in ring A. A high value for 2η  (the 
* *

2 2(HOMO) -(LUMO)  energy 

gap) is needed for a high binding affinity. The enlargement of this gap allows suggesting that this atom is not 
interacting with charged groups. Possible interactions are π-π, π-alkyl and/or π-σ. Atom 20 is the carbon atom 
of the OMe substituent attached to atom 3 of ring A (see Fig. 2). All MOs of this atom are of σ nature ([73], 

Table 3). Then a high value for 
E

20S (HOMO)*  is an indication that the σ electrons are interacting with an 

appropriate partner through σ-π, σ-σ and/or carbon H bonds. Atoms 15 and 17 are carbon atoms belonging to 

ring B (see Fig. 2). In the case of atom 15 
*

15(HOMO-1)  can be of σ or π nature. 
*

15(HOMO)  is a π MO in all 

cases. In the case of a π 
*

15(HOMO-1)  it is possible to suggest that atom 15 is involved in π-π, π-amide 

and/or π-σ interactions employing its first two occupied MOs. For the case of a σ 
*

15(HOMO-1) we suggest a 

secondary interaction with an appropriate site (σ-π and/or σ-σ interactions). 
*

17(LUMO) is a π MO in all 

cases. A high value for 17F (LUMO)*  could be an indication that this atom is interacting with an electron-rich 

center (allowing π-π stacking and/or π-anion interactions). Atom 22 is directly attached to position 2 of ring A 

(see Fig. 2). Its nature is very different as shown in Table 1. 22μ  is the midpoint of the 

* *

22 22(HOMO) -(LUMO) energy gap. Accepting that the correct form to obtain a more negative value for 

22μ  is by lowering the 
*

22(LUMO)  energy, a preliminary interpretation of the requirements for this 

reactivity index is that atom 22 interacts with an electron-rich center like atom 17. All these ideas are 
summarized in the two-dimensional (2D) partial interaction pharmacophore depicted in Fig. 6. 
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Figure 6. 2D partial interaction pharmacophore for Ec. 3. 

 
Discussion of the results for 5-HT2C binding affinity of set II 
 

The beta values (Table 5) show that the relative importance of these indices is 13

ES >> 1R . The VbV 

analysis of Eq. 3 shows that a high receptor affinity is associated with high values for 
E

13S  and R1 . Atom 13 is a 

carbon atom in ring B (see Fig. 2). As in the previous case, the required high value for 
E

13S  indicates that this 

atom is interacting with an electron-deficient center (proposed interactions: π-cation, π-alkyl and/or carbon H-

bond). R1  is a purely geometrical reactivity index [53, 54]. In this set the R1 substituent is an alkyl moiety 

(fluorinated in some cases). Interestingly, in our previous QSAR studies with this same set of molecules 
interacting with 5-HT2A and 5-HT2B receptors no orientational parameters appeared in the equations for this 

set [73, 74]. As a high value for R1  is required, it is possible to suggest that a longer and/or branched alkyl 

substituent can enhance the receptor binding affinity. This will not affect the electronic structure of ring A, but 
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we must not forget that it is possible that for longer alkyl substituents σ-σ interactions may appear. These 
conditions are shown in the 2D partial interaction pharmacophore of Fig. 7. 
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Figure 7. 2D partial interaction pharmacophore for Ec. 3. 

 
Discussion of the results for 5-HT2C binding affinity of set III 
 

The beta values (Table 7) show that the relative importance of these indices is 22( 1)*ES HOMO > 

12

ES >> 10( 1)*ES HOMO . A VbV analysis of Eq. 4 shows that a high pK value is associated with high values 

for
E

22S (HOMO-1)*and
E

12S , and a small value for
E

10S (HOMO-1)* . Atom 12 is a carbon linking the N atom 

with the B ring (see Fig. 2). All MOs are of σ nature. A high value for 
E

12S  indicates that σ electrons of atom 12 

are involved in interactions with other electrons (σ-π and/or σ-σ interactions and/or carbon H bonds) and/or 
with π systems (σ-π interactions). Atom 22 is the atom attached to position 2 of ring A (see Fig. 2). 

*

22(HOMO-1) and 
*

22(HOMO)  can be of π, σ or lone pair nature (see Table 10 in Ref. [74]). A high value for 

E

22S (HOMO-1)*  could be an indication of a favorable interaction with an electron-deficient center. Atom 10 

is a carbon atom bonded to the N atom and belonging to the chain linking this atom to ring A. The MOs of this 

atom are all of σ nature. A small value for 
E

10S (HOMO-1)*  suggests the possibility of a repulsive 

(unfavorable) interaction between these σ electrons and other electrons present in the receptor such as σ 
electrons of alkyl groups and/or π electrons. These suggestions are represented in the 2D partial interaction 
pharmacophore of Fig. 8. 
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Figure 8. 2D partial interaction pharmacophore for Ec. 4. 

 
The comparison of these three partial interaction pharmacophores shows that they do not have 

contradictory information. A final partial pharmacophore, shown in Fig. 9, was obtained by merging Figs. 6-8. 
 



ISSN: 0975-8585 

May – June  2015  RJPBCS   6(3)  Page No. 1368 

N

O

O

H

2
3

22

20

13

15

17

A

B

SIGMA-PI,
SIGMA-SIGMA

and/or
CARBON H BOND
INTERACTIONS

PI-ALKYL and/or
PI-ANION

INTERACTIONS

PI-PI, PI-ALKYL
and/or

PI-SIGMA
INTERACTIONS

PI-CATION,
PI-ALKYL

and/or
CARBON H-BOND
INTERACTIONS

PI-CATION,
PI-ALKYL

and/or
CARBON H-BOND
INTERACTIONS

PI-PI
and/or

PI-ANION
INTERACTIONS

PI-PI, PI-AMIDE
and/or

PI-SIGMA
INTERACTIONS

PI-PI and/or
PI-SIGMA

INTERACTIONS

10 12

HIGH
VALUE FOR THE
ORIENTATIONAL

PARAMETER
OF ALKYL

SUBSTITUENTS

ELECTRON-
DEFICIENT

CENTER

UNFAVORABLE
INTERACTIONS
WITH OTHER
SIGMA and/or

PI ELECTRONS

SIGMA-SIGMA,
SIGMA-PI

and/or
CARBON H BOND
INTERACTIONS

 
 

Figure 9. Final partial 2D interaction pharmacophore. 

 
It is interesting to notice that in the QSAR results for the same molecules interacting with 5-HT2A and 

5-HT2B receptors no orientational parameter of the substituent attached to atom 2 (see Fig. 9) appeared in the 
resulting equations. One of the possible explanations is that the binding site of the 5-HT2C receptor could be 
more exposed to the external milieu than the binding sited of 5-HT2A and 5-HT2B receptors. 

 
MOLECULAR ELECTROSTATIC POTENTIAL 
 

These molecules act in a protonated form. Fig. 10 shows, as an example, the MEP structure of 
molecules 9-12 in their fully optimized geometry (calculations of similar systems are presented in Refs. [57, 
106]). 
 

 
 

Figure 10. MEP map of molecules 9 (upper left), 10 (upper right), 11 (lower left) and 12 (lower right). The red isovalue 
surface corresponds to positive MEP values (0.1). 

 
We can see that protonation produces MEP maps without negative areas as expected. Fig. 11 displays 

the MEP map of molecules 9-12 at 4.5 Å of the nuclei. 
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Figure 11. MEP map of molecules 9 (upper left), 10 (upper right), 1 (lower left) and 12 (lower right) at 4.5 Å of the nuclei. 

 
We can see that at 4.5 Å the MEP values are positive and that the zones having the highest positive 

values are located between the proton and ring B. As we do not know the receptor’s structure it is not possible 
to suggest the form in which the molecule approaches its binding site. 

 
MOLECULAR ORBITALS 
 

We shall provide here examples helping to understand the concept of Local Molecular Orbitals. The 
central problem is to determinate when a given MO can be considered as localized on a certain atom. Using 
pictorial depictions of the MOs is a bad procedure because it depends on the isovalues chosen to represent 
them. As an extreme example, we present in Fig 12 the HOMO of molecule 4 displayed at different isovalues. 

 

 
 

Figure 12. HOMO of molecule 4 at isovalues of 0.02 e/au
3
 (left) and 0.001 e/au

3
 (right). 

 
We can observe that for smaller isovalues we get more extended density maps. Then, it seems 

necessary to employ a kind of quantitative measurement allowing us to provide an answer for the 
aforementioned question. For reasons exposed earlier [56] we consider that an MO is localized on a given 
atom if the corresponding Fukui index is equal or greater than 0.1. We understand that some approximations 
of the Mulliken Population Analysis can generate problems but up today this approximation has worked 
satisfactorily. This is the physical basis of our concept of local molecular orbitals. Moreover, the way we build 
the data matrix for LRMA includes the fact that in large molecules electron donation may take place from 
different molecular orbitals. As an example, we present in Figs. 13 and 14 the HOMO-1 and HOMO of 
molecules 4 and 8. 
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Figure 13. HOMO-1 (left) and HOMO (right) of molecule 4. 

 
We can see that the HOMO and HOMO-1 are localized on ring A, allowing it to act as an electron-

donor center. If ring B is engaged in a similar interaction, then the electrons located below the HOMO-1 should 
be involved. Observing the carbon atoms of ring A we can see that HOMO-1 and HOMO are fully not located 
on some of them. In these cases their local HOMO* or (HOMO-1)* do not coincide with the molecule’s MOs. 
 

 
 

Figure 14. HOMO-1 (left) and HOMO (right) of molecule 8. 

 
Here we can see that the HOMO is localized on ring A while HOMO-1 is localized on ring B. Therefore, 

both rings can act as electron-donor centers. Here there is a good example of local MOs: in ring B, and for 
some carbon atoms composing it, the local HOMO* corresponds to the molecule’s (HOMO-1)*. 

 
CONFORMATIONAL ASPECTS 
 

We have seen in previous studies that, in general, the docked conformation does not coincide with 
the fully optimized geometries [73, 74, 94, 107]. To have a qualitative idea of the conformational flexibility of 
the molecules analyzed here, we show in Fig. 15 the superimposition of the ten lowest energy conformers of 
molecules 21 and 29. They were calculated with MarvinView software (Dreiding force field) and superimposed 
with Hyperchem [102, 108]. 
 

 
 

Figure 15. Superimposition of the ten lowest energy conformers of molecules 21 (left) and 29 (right). 
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We can see that, if we use ring A as the common structure for superimposition, the remaining part of 
the molecule has a relatively high degree of conformational freedom. 
 

In summary, we have obtained satisfactory relationships between the electronic structure and 5-HT2C 

receptor binding affinity for a group of N‑Benzylphenethylamines. The partial interacting pharmacophore is 
built providing several ideas for the chemical modification of the molecules to obtain new structures with 
enhanced binding affinity. 
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