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Abstract A study to find relationships between electronic structure and 5-HT,4 serotonin receptor binding affinity
was carried out in a group of para-substituted 2,5-dimethoxyphenethylamines and their N-2-methoxybenzyl-
substituted analogs. Statistically significant equations were obtained for different models of the common skeleton.
An integrated affinity pharmacophore was built. The molecule-receptor interaction seems to be very complex in
agreement with the high selectivity that the receptors must show to preserve the integrity of the biological system in
which they are inserted.
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Introduction

For a longtime our Unit has been interested in the analysis of the relationships between electronic structure and
serotonin receptor(s) binding affinity [1-13].

In the first paper of this series we analyzed the relationships between electronic structure and 5-HT receptor
binding affinity of a group of para-substituted 2,5-dimethoxyphenethylamines and their N-2-methoxybenzyl-
substituted analogs [14]. Here, and for the same group of molecules, we present the results of a similar study but for
the relationships between electronic structure and 5-HT,a receptor binding affinity. Let us remember that some of
the molecules studied here belong to the 25-NB series and are extremely potent and highly selective for the 5-HTa
receptor.
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Figure 1: General formula of the molecules used in this study
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Molecules and Calculations

The molecules and receptor binding results were taken from a recent publication, and are presented in Fig. 1 and
Table 1. The binding affinities were measured in human 5-HT, receptor-expressing NIH-3T3 cells [15].

Table 1: 2,5-dimethoxyphenethylamines, their N-2-methoxybenzyl-substituted analogs and 5-HT , receptor binding

affinity
Mol. Name R, R, R R, Rn log(K;) 5-HTa
1 2C-B OMe H Br OMe H -2.07
2 2C-C OMe H Cl OMe H -0.89
3 2C-D OMe H Me OMe H -1.49
4 2C-E OMe H Et OMe H -1.98
5 25B-NBOMe OMe H Br OMe 2-methoxybenzyl -3.30
6 25C-NBOMe OMe H Cl OMe 2-methoxybenzyl -3.15
7 25D-NBOMe OMe H Me OMe 2-methoxybenzyl -3.00
8 25E-NBOMe OMe H Et OMe 2-methoxybenzyl -3.22
9 2C-H OMe H H OMe H 0.20
10 2C-I OMe H | OMe H -2.46
11 2C-N OMe H NO, OMe H -1.63
12 2C-P OMe H n-Pr  OMe H -2.09
13 25H-NBOMe OMe H H OMe 2-methoxybenzyl -1.79
14 25I-NBOMe OMe H | OMe 2-methoxybenzyl -3.22
15 25N-NBOMe OMe H NO, OMe 2-methoxybenzyl -3.10
16 25P-NBOMe OMe H n-Pr  OMe 2-methoxybenzyl -2.96
17 2C-T-2 OMe H SEt OMe H -2.05
18 2C-T-4 OMe H S-i-Pr OMe H -1.55
19 2C-T-7 OMe H S-Pr OMe H -2.19
20 Mescaline H OMe OMe OMe H 0.80
21 25T2-NBOMe OMe H SEt OMe 2-methoxybenzyl -3.22
22 25T4-NBOMe OMe H S-i-Pr OMe 2-methoxybenzyl -2.80
23 25T7-NBOMe OMe H S-i-Pr OMe 2-methoxybenzyl -2.96
24 Mescaline-NBOMe H OMe OMe OMe 2-methoxybenzyl -0.85

The common skeleton

We considered four possibilities for the building of the common skeleton (see Fig. 1):

Case 1A. We hypothesized that all 24 molecules interact with the 5HT ,4 receptor only through the aromatic ring A,
the alkylamino chain and the proton. We included the orientational parameters of the substituents of ring A (Fig. 2).
Case 1B: We hypothesized that all 24 molecules interact with the 5HT, receptor only through the aromatic ring A,
the alkylamino chain and the proton. We included the orientational parameters of the substituents of ring A and the
orientational parameter of the 2-methoxyphenyl moiety.

Case 2. We hypothesized that all 24 molecules interact with the 5HT,, receptor only through the aromatic ring A,
the alkylamino chain, the proton and the first atom of the substituents attached to positions 1-4.

Case 3. We hypothesized that all 12 N-2-methoxybenzyl-phenethylamines interact with the 5HT,, receptor only
through the aromatic ring A, the alkylamino chain, the proton, the first atom of the substituents attached to positions
1-4 and the methoxybenzyl moiety (including the first atom of the methoxybenzyl substituent).

Case 4. We hypothesized that all 12 phenylalkylamines interact with the 5HT,4 receptor only through the aromatic
ring A, the alkylamino chain, the proton and the first atom of the substituents attached to positions 1-4 (see below
for each common skeleton).
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This selection intends to allow the potential extraction of more information of the factors controlling the drug-
receptor interaction.

To find the structure-affinity relationships we employed the Klopman-Peradejordi-Gémez (KPG) method. For
details we refer the reader to the literature [16-23].

The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the
mPW1PW91/DGDZVP level with full geometry optimization [24]. The protonated forms were used. The Gaussian
suite of programs was used [25]. The information needed to calculate the numerical values for the LARIs was
obtained from the Gaussian results with the D-Cent-QSAR software [26]. All the electron populations smaller than
or equal to 0.01 e were considered as zero [18]. Negative electron populations coming from Mulliken Population
Analysis were corrected as usual [27] . Orientational parameters taken from published Tables or calculated in our
Unit with the Steric software [28-30] . Since the resolution of the system of linear equations is not possible because
we have not experimental data, we employed Linear Multiple Regression Analysis (LMRA) techniques to find the
best solution. For each case, a matrix containing the dependent variable (log(ICsp) in this case) and the local atomic
reactivity indices of all atoms of the common skeleton as independent variables was built. Regarding the local
atomic reactivity indices depending on the MO (Fukui indices and superdelocalizabilities) we have employed in this
study only those associated with the frontier local molecular orbitals. The Statistica software was used for
LMRA[31] .

Results

Results for case 1A.

The common skeleton numbering for this case is shown below (Fig. 2).
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Figure 2: Common skeleton numbering for case 1A
The best statistically significant equation obtained was:

log(K,)=0.17-17.555,+0.002S) +67.79F, (HOMO)*-

-2.80F, (HOMO)*-0.12y,

with n=20, R=0.97, R2=0.94, adj-R?=0.92, F(5,14)=44.29 (p<0.000001) and a standard error of estimate of 0.18. No
outliers were detected and no residuals fall outside the +2¢ limits. Here, sq is the local atomic softness of atom 9, Sg"
is the total atomic nucleophilic superdelocalizability, Fg(HOMO)* is the Fukui index of the highest occupied MO
localized on atom 8, Fs(HOMO)* is the Fukui index of the highest occupied MO localized on atom 6 and 7 is the
local atomic hardness of atom 7. Tables 2 and 3 show the beta coefficients, the results of the t-test for significance of
variable 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(K;).
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Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 1

Observed Values

Variable Beta t(14) p-level
Sg -0.84 -11.86 0.0000001
SN 0.33 451  0.0005
Fg(HOMO)* 0.28 3.95 0.001
Fs(HOMO)* -0.17 -2.47 0.03
N7 -0.16 -2.25 0.04
Table 3: Matrix of squared correlation coefficients for the variables in Eq. 1
Sg  S¢"  Fg(HOMO)* Fg(HOMO)*
Sq 1.00
SN 0.00 1.00
Fg(HOMO)* 0.07 0.08 1.00
Fs(HOMO)* 0.02 0.07 0.00 1.00
N7 0.05 0.07 0.01 0.07
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Figure 3: Plot of predicted vs. observed log(K;) 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 5 local atomic reactivity indices of atoms of the common skeleton
explains about 92% of the variation of log(K;). Figure 3, spanning about 2 orders of magnitude, shows that there is a
good correlation of observed versus calculated values.

Results for case 1B

The common skeleton for this case is shown below (Fig. 4).
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Figure 4: Common skeleton numbering for case 1B
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The best statistically significant equation obtained was:

log(K,) =—2.81—2.67F,(LUMO) *—~0.00054,_, +81.19F,(HOMO)*+

+2.69F,(HOMO) *+0.001S;’

with n=20, R=0.98, R2=0.95, adj-R2=0.94, F(5,14)=58.53 (p<0.000001) and a standard error of the estimate of 0.18.
No outliers were detected and no residuals fall outside the +2c limits. Here, Fo,(LUMO)* is the Fukui index of the
lowest empty MO localized on atom 2, @pen, iS the orientational parameter of the benzyl moiety, Fg(HOMO)* is the
Fukui index of the highest occupied MO localized on atom 8, F3(HOMO)* is the Fukui index of the highest
occupied MO localized on atom 3 and S" is the total atomic nucleophilic superdelocalizability of atom 9. Tables 4
and 5 show the beta coefficients, the results of the t-test for significance of variable and the matrix of squared
correlation coefficients for the variables of Eq. 2. There are no significant internal correlations between independent
variables (Table 5). Figure 5 displays the plot of observed vs. calculated log(K;).
Table 4: Beta coefficients and t-test for significance of coefficients in Eq. 2
Variable Beta t(14) p-level
F(LUMO)* -0.23 -2.71 0.02
Pbenz -0.71 -10.39 0.0000001
Fg(HOMO)* 0.33 4.97 0.0002
F3(HOMO)* 0.37 4.37 0.0006
Sg" 025 412  0.001
Table 5: Matrix of squared correlation coefficients for the variables in Eq. 2
Fo(LUMOY*  @pen,  Fs(HOMO)*  F3(HOMO)*
Pbenz 0.00 1.00
Fg(HOMO)* 0.04 0.12 1.00
Fy(HOMO)* 0.44 0.03 0.11 1.00
SN 0.02 0.00 0.08 0.00
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Figure 5: Plot of predicted vs. observed log(K;) 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 94% of the variation of log(K;). Figure 5, spanning about 2.7 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 Case 2
The common skeleton for this case is shown below (Fig. 6).
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Figure 6: Common skeleton numbering for case 2

The best statistically significant equation obtained was:

log(K;) = —6.75—0.6044 +0.01S; (LUMO) *-0.02S"

®)

with n=19, R=0.97, R2=0.93, adj-R?=0.92, F(3,15)=70.65 (p<0.000001) and a standard error of estimate of 0.17. No
outliers were detected and no residuals fall outside the +2c limits. Here, pg is the local atomic chemical potential of
atom 9, S13"(LUMO)* is the orbital nucleophilic superdelocalizability of the lowest empty MO localized on atom 13
and S;" is the total atomic nucleophilic superdelocalizability of atom 1. Tables 6 and 7 show the beta coefficients,
the results of the t-test for significance of variable and the matrix of squared correlation coefficients for the variables
of Eq. 3. There are no significant internal correlations between independent variables (Table 7). Figure 7 displays

the plot of observed vs. calculated log(K;).

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

Variable Beta B t(15)  p-level

Ho -0.94 -0.60 -13.72 0.0000001
S (LUMO)* 047 001 6.98 0.000004
SN -0.24 -0.02 -3.64 0.002

Table 7: Matrix of squared correlation coefficients for the variables in Eq. 3
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Figure 7: Plot of predicted vs. observed log(K;) values (Eqg. 3). Dashed lines denote the 95% confidence

interval
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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 three local atomic reactivity indices of atoms of the common skeleton
explains about 92% of the variation of log(K;). Figure 7, spanning about 2.1 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 Case 3

The common skeleton for this case is shown below (Fig. 8).
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Figure 8: Common skeleton numbering for case 3
The best statistically significant equation obtained was:

log(K,) =—12.17+0.003S -+1.227, +52.81F,(HOMO)* @)

with n=12, R=0.99, R2=0.97, adj-R2=0.96, F(3,8)=99.62 (p<0.000001) and a standard error of estimate of 0.14. No
outliers were detected and no residuals fall outside the +2c limits. Here, Sl5N is the total atomic nucleophilic
superdelocalizability of atom 15, ng i the local atomic hardness of atom 9 and Fg is the Fukui index of the highest
occupied MO localized on atom 8. Tables 8 and 9 show the beta coefficients, the results of the t-test for significance
of variable 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 9 displays the plot of observed vs. calculated

log(Ks).
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Figure 9: Plot of predicted vs. observed log(K;) values (Eq. 4). Dashed lines denote the 95% confidence interval
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Table 8: Beta coefficients and t-test for significance of coefficients in Eq. 4
Variable Beta B t(8) p-level
Sis" 0.77 0.003 11.07 0.000004
Mo 030 122 490 0.001
Fg(HOMO)* 0.25 52.81 3.46 0.009
Table 9: Matrix of squared correlation coefficients for the variables in Eq. 4

S15N Mo Fg(HOMO)*

Syt 1.00
Mo 0.00 1.00
Fs(HOMO)* 0.28 0.08 1.00

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 three local atomic reactivity indices of atoms of the common skeleton
explains about 96% of the variation of log(K;). Figure 9, spanning about 2.8 orders of magnitude, shows that there is
a good correlation of observed versus calculated values and that almost all points are inside the 95% confidence
interval.

Results for Case 4
The common skeleton for this case is shown below (Fig. 10).

12 11

14

Figure 10: Common skeleton numbering for case 4
The best statistically significant equation obtained was:

log(K,) =8.48+30.97SE —0.004¢,, —1.62SF —2.17F,(LUMO) * 5)

with n=12, R=0.99, R2=0.97, adj-R?=0.96, F(4,7)=59.83 (p<0.00002) and a standard error of estimate of 0.22. No
outliers were detected and no residuals fall outside the +2c limits. Here, Sio" is the total atomic electrophilic
superdelocalizability, ggrs is the orientational parameter of the R; substituent, S5 is the total atomic electrophilic
superdelocalizability of atom 3 and Fs(LUMO)* is the Fukui index of the lowest empty MO localized on atom 5.
Tables 10 and 1 show the beta coefficients, the results of the t-test for significance of variable 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 11 displays the plot of observed vs. calculated log(K;).
Table 10: Beta coefficients and t-test for significance of coefficients in Eq. 5
Variable Beta t(7) p-level

SifE 1.01 14.47 0.000002
Ors 052 -7.69 0.0001
S;F -0.45 -5.99 0.0005

Fs(LUMO)* -0.28 -3.61 0.009
Table 11: Matrix of squared correlation coefficients for the variables in Eq. 5

SlOE PR3 SsE Fs(LUMO)*

Sy 1.00
SsF 0.05 0.02 1.00

Fs(LUMO)* 0.02 0.05 0.20 1.00
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Figure 11: Plot of predicted vs. observed log(K;) values (Eg. 5). Dashed lines denote the 95% confidence interval
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 four local atomic reactivity indices of atoms of the common skeleton
explains about 96% of the variation of log(K;). Figure 11, spanning about 4 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.

Local molecular orbitals
Tables 12-14 show the local MO structure of atoms appearing in Eq. 1-4 (Nomenclature: Molecule (HOMO) /
(HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*,

Table 12: Local molecular orbitals of atoms 1-3, 5 and 6

Mol. Atom 1 Atom 2 Atom 3 Atom 5 Atom 6

1 (66) 661-681 661-681 661-681 661-68n 661-670
2 (57) 57n-591 57n-591 57n-591 57n-597 57n-58c
3(53) 53n-55n 53n-557 53n-557 53n-557 53n-546
4 (57) 57n-59n 57n-591 57n-591 57n-597 57n-58c
5 (98) 98n-101r  98n-10lm  98n-100mr  98n-100m  98m-100%
6 (89) 891-92n 891-92n 891-92n 891-92n 891-92n
7 (85) 857-88n 857-88n 857-88n 857-88n 85m-88n
8 (89) 891-92n 891-92n 891-92n 891-92n 891-92n
9 (49) 497-51n 497-51n 497-51n 497-51n 497-500
10(75)  75n-77n 74n-77n 75n-77n 75n-77n 75n-760
11(60) 60m-617 60m-617 60m-617 60m-617 60m-617
12 (61) 61n-63n 61n-63n 61n-631 61n-631 61n-620
13(81) 8ln-84n 81n-84n 81n-84n 81n-84n 81n-84n
14 (107) 107=-110xr  1077-110x  107w-110r  1077-110x  107x-110%
15(92) 927-93n 927-931 921-93n 921-931 921-93n
16 (93) 93n-96m 931-96m 931-96m 931-96m 931-96m
17 (65) 65m-67n 651-67n 651-67n 651-67n 651-660
18 (69) 69n-7lxn 69n-71n 691-71n 69n-71n 691-700
19(69) 69n-7ln 691-71n 691-71n 691-71n 691700
20 (57) 57m-59n 57n-59n 57n-59n 56m-591 57n-58c
21(97) 97m-100mr  96m-100n  977-100r  97n-100m  97m-100m
22(97) 97m-100mr  96m-100n  977-100r  97n-100m  97m-100m
23(101) 101m-104nw 1017-104n  101w-104x  101n-104n  1017w-104%
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24 (89) 897-92n 891-921 891-921 891-921 891-921
Table 13: Local molecular orbitals of atoms 7-10
Mol. Atom 7 Atom 8 Atom 9 Atom 10
1 (66) 63c- 676  660- 67 540-68c  476-67c
2 (57) 520- 580 570- 580  450-59¢  380- 580
3 (53) 520- 540 530-540  4lo-556 380 -54c
4 (57) 560- 580 576-580  430-59¢ 4006 - 380
5 (98) 936-996  986-100c  940- 99¢ 756 - 990
6 (89) 81c- 900 896-91c 856- 900 676 -91c
7 (85) 84c- 860 840- 886 820- 860 626 - 876
8 (89) 88c- 906 896- 926 866- 906 646 -91c
9 (49) 486-50c  48c- 500 396- 516 366 - 500
10 (75) 726-76c6  750- 760 63c- 776 60c - 766
11(60) 540- 61c 560- 61oc 48c- 61c 456 - 620
12 (61) 60c- 620 6lo- 620 4606- 630 426 - 620
13(81) 80c- 840 800- 820 780- 820 626 - 830
14 (107) 1030-1106 1070-108c 1040-108c 866 -1090
15(92) 840-93c 890- 9306 860- 940 716 - 950
16 (93) 926-966  930-946 900-946 680 - 950
17 (65) 60c- 666  63c-666  490-67c 460 - 660
18 (69) 660-70c  660- 700 520-7lc  48c-70c
19(69) 670-700 690- 700 520- 710 486 - 700
20 (57) 570- 580 570- 580 4606- 596 380 - 580
21(97) 900-100c 950- 98¢ 930- 980 726 - 990
22 (97) 900-100c 950- 98¢ 930- 980 726 - 9906
23 (101) 980-104c 1016-1026 976-1026 756 -103c
24 (89) 840- 900 896 -90c  850- 900 626 - 900
Table 14: Local molecular orbitals of atoms 13 and 14

Mol. Atom 13 Atom 15

1 (66) 667 - 681 -

2 (57) 57n - 591 -

3 (53) 530- 560 -

4 (57) 560- 600 -

5 (98) 98n-1017 946- 996

6 (89) 89n- 921 856- 900

7 (85) 850- 900 826- 860

8 (89) 880- 940 866- 900

9 (49) 460- 560 -

10(75) 70c- 78c -

11(60) 591- 61w -

12 (61) 60c- 640 -—--

13(81) 760-92c 78c- 826

14 (107) 107z -110n  1025-108c

15(92) 90m- 93w 866- 9406

16 (93) 926-98nt  90c- 946

17 (65) 65mn-67xn -

18(69) 69n-7lxn -—--

19(69) 69n-7ln -—--

20 (57)  57m-59n -

21(97) 97x-100r  930- 98¢

22(97) 97x-100r  930- 98¢

23(101) 101x-104x 976-102c

24 (89) 89m-92n 850- 900
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Discussion

Molecular orbitals and local molecular orbitals

Here we present some pictographic examples to clarify the concepts of ‘molecular orbital’ and ‘local molecular
orbital’. In our model we have stated that we may say that a certain MO is localized on atom 1i if the corresponding
Fukui index is greater than 0.0le. Notice that this value of the Fukui index was selected for these kinds of
biologically active molecules and may vary for the case of other different chemical structures, such as
nanostructures. Figure 12 shows the HOMO of molecule 1.

Figure 12: HOMO of molecule 1
We can see that this MO has m character on the atoms of the phenyl ring and on the oxygen and bromine atoms
bonded to it. On the carbon atom of the side chain this MO has a o character. In Tables 12-14 we can see that this
particular MO corresponds to the local highest occupied MO, called HOMO¥*, of atoms 1-3, 5-6 and 8 (Fig. 2).
Figure 13 shows the (HOMO-3) (i.e., the fourth highest occupied MO) of molecule 1.

Figure 13: (HOMO-3) of molecule 1
We can see here that this MO has n and o regions. Table 13 shows that this MO corresponds to the local HOMO* of
atom 13 (Fig. 6). Fig. 14 shows the twelfth highest occupied MO of molecule 1.
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Figure 14: (HOMO-12) of molecule 1
This MO has a ¢ character and corresponds to the local HOMO™* of atom 9, a substituted nitrogen atom (Fig. 2). The
discussion will be presented as follows. In each case we will analyze only the most statistically significant variables.
For these variables an atom (drug)- atom (receptor) interaction will be suggested. For the discussion of the meaning
of the reactivity indices in each equation, we shall employ the method recently published *°.

Discussion of case 1A

The beta values (Table 2) show that the most significant variables in Eq. 1 are so, S¢" and Fg(HOMO)*. As
Fs(HOMO)* and n; are less significant they will be not be discussed. A high receptor binding affinity is associated
with high numerical values of s, (that is always a positive number), with small numerical values of Sq" (if we
consider it to be a positive number, see XX) and Fg(HOMO)* (that is always a positive number). Atom 9 is the
nitrogen atom of the ethylamine side chain (Fig. 2). Table 13 shows that all local MOs have a ¢ nature and that the
local HOMO is an inner MO of the respective molecule. The same Table shows that (LUMO)s coincides with the
molecule’s LUMO or (LUMO+1). Higher values of this reactivity index are associated with higher receptor binding.
Higher values correspond to higher values of the local softness implying lower values of the local atomic hardness
(LAH). The inspection of the specific local molecular orbital structure of this atom indicates that lower values of the
LAH are obtained when (HOMO)," coincides with the molecular HOMO. Then, a greater activity seems to be
associated with a better electron-donor capacity of atom 9. This suggestion is indirectly supported by the fact that
small values for Sq" are required for high activity. These smaller values are obtained by raising the LUMO," energy,
making this MO lees reactive. Note that in the case of 2,5-dimethoxyphenethylamines HOMOg* corresponds to
‘inner’ occupied molecular MOs while in the case of their N-2-methoxybenzyl-substituted analogs HOMOg"
corresponds to ‘outer’ molecular MOs close to the HOMO. One possibility is that atom 9 participates in weak 6o~
Gempty INteractions. An alternative possibility is that this atom participates in a hydrogen bond of the N-H....X kind.
Atom 8 is a saturated carbon in the ethylamine chain (Fig. 2). Table 13 shows that all local MOs have a ¢ nature.
The local HOMO is of sigma nature and coincides with the molecule’s HOMO. Very small values of Fg(HOMO)*
are associated with high binding affinity, signifying that this atom is not acting as an electron donor. This can be an
indication that atom 8 is acting though its LUMOg" in Gempty~Oocc iNteractions. All the suggestions are displayed in
the partial 2D pharmacophore of Fig. 15.
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Figure 15: Partial 2D pharmacophore for Eq. 1

Discussion of case 1B

The beta values (Table 4) show that the most significant variables in Eq. 2 are @pen,, Fs(HOMO)* and Fz3(HOMO)*.
A high receptor binding affinity is associated with high numerical values of @pen, and with low numerical values for
Fg(HOMO)* and F3(HOMO)*. The orientational parameter (OP) of the benzyl moiety. A high binding affinity is
associated with a high numerical value for this OP. The highest possible value corresponds to the most extended
conformer of the benzyl group. Figure 16 shows, as an example, the ten lowest energy conformers of molecule 6
calculated with MarvinView (version 17.28.0, 2017, ChemAxon, http://www.chemaxon.com) with the Dreiding
force field, a diversity of 0.5 kcal/mol, very strict optimization limit and a time of 900s. The conformers were
superimposed with the 2,5-dimethoxy-4-Cl-phenyl moiety as the common element.

Figure 16: Superimposition of ten lowest-energy conformers of molecule 6

We can see that at the left side of the figure there are five extended conformers. These conformers will be more
stable in a polar environment, such as the cell milieu plus some regions or the entire binding site. At the center of the
figure we can see five half-closed conformers that will be stable in a hydrophobic environment. Atom 8 was
discussed in case 1A and the conclusions are the same. Atom 3 is a carbon in the phenyl ring where the 5-substituent
is attached (Fig. 4). Table 12 shows that all local frontier MOs have a 7 nature and that the local HOMO; coincides
with the molecular HOMO in all cases. A high binding affinity is associated with low values for F3(HOMO)* which
means a MO with a low electron population. On this basis we suggest that atom 3 is interacting with an electron-rich
center. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 17.
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Figure 17: Partial 2D pharmacophore for Eq. 2

Discussion of Case 2

The beta values (Table 6) show that the most significant variables in Eq. 3 are pg and S;5"(LUMO)*. Eq. 3 shows
that a high binding affinity is associated with small (negative) values of pg and small (positive) values for
SN (LUMO)*. Atom 9 is the nitrogen atom of the side chain of phenylalkylamines (Fig. 6). Table 13 shows that all
local MOs have a ¢ nature, that local LUMOg* is close to the molecule’s LUMO or coincides with it, that in
phenylalkylamines the local HOMOg* corresponds to an inner occupied molecular MO and that in N-2-
methoxybenzyl-substituted analogs HOMO, corresponds to molecular MOs close to the HOMO. g is a negative
number and small negative values for this index can be obtained directly from the definition of this index. In the
case in which the local HOMOg* coincides with the molecule’s HOMO we may increase the energy of the LUMOg*
making it less reactive. This method can be applied to N-2-methoxybenzyl-substituted analogs. If HOMOg*
corresponds to an inner occupied molecular MO we may use substitution(s) to localize the molecular HOMO on
atom 9. This is the case of phenylalkylamines. In this case we are increasing the reactivity of HOMOg*. On the basis
of this reasoning we suggest that atom 9 is interacting with sigma empty MOs. A different possibility is that the N
atom participates as an electron donor in a hydrogen bond of the N-H->X kind. Atom 13 is the first atom of the
substituent attached to position 3 (see Fig. 6 and Table 1). Small (positive) values of S;3N(LUMO)* are associated
with high affinity. Table 14 shows that LUMO;3* has & or ¢ nature following the molecule. The formal definition of
the orbital superdelocalizability allows two ways of obtaining the desired values. The first one consists in
diminishing the electron population of this MO on atom 13 (i.e., diminishing the value of the corresponding Fukui
index). The second one is simply by using substitutions to change the actual LUMO5* by a higher empty molecular
MO (i.e., by removing the localization of the actual LUMO3* on atom 9). Both ways lead to empty MOs with
diminished reactivity. Therefore, it is suggested that atom 13 is interacting with the site through its occupied MOs,
especially HOMO;5 . Now, considering that this MO has 7 or o nature following the molecule, it is possible to think
in an electrostatic interaction with one site or in a MO-MO interaction with two sites, one with = empty MOs and the
other with 6 empty MOs. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 18.

TWO SITES: ONEWITH
EMPTY Pl MOs AND ANOTHER
WITH SIGMA MOs.

X
/ N
HYDROGEN BOND
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Figure 18: Partial 2D pharmacophore for Eg. 3
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Discussion of Case 3

The beta values (Table 8) show that the most significant variable in Eq. 4 is Sis". Eq. 4 specifies that a high binding
affinity is associated with small (positive) values for S;5". Atom 15 is a sp® carbon in the chain connecting rings A
and B, bonded to ring B (Fig. 8). All MOs have a ¢ nature. Table 14 shows that the local LUMO, (LUMO);s
coincides with the molecule’s LUMO in all cases. A small positive value for S;5" is obtained by shifting upwards the
energy of (LUMO);s and upper empty MOs, making these MOs less reactive. Therefore we suggest that atom 15 is
interacting with a site with empty MOs through its occupied MOs. All the suggestions are displayed in the partial
2D pharmacophore of Fig. 19.

'd N\

® 15

N

\

H
SITE WITH EMPTY
MOs, PROBABLY OF
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Figure 19: Partial 2D pharmacophore for Eq. 4
Discussion of Case 4
The beta values (Table 10) show that the most significant variables in Eq. 5 are Syo°, ¢rs and S-.
Eq. 5 shows that a high binding affinity is associated with high (negative) values of S;o%, large positive values for
ors and small (negative) values for S;&. ggs is the orientational parameter of the substituent attached to atom 3 (Fig.
10). Large values for @gs indicate that larger and fully extended substituents should be appropriate: OEt instead of
OMie, Et instead of Me, etc. Nevertheless when varying the substituents, their chemical nature should be similar: for
example, you cannot change a bromine atom by fluorine one or a Me group by a COOH one. Atom 10 is a
hydrogen atom attached to N9 (Fig. 10). A high affinity is associated with large values for S35 This reactivity index
is indicative of the electron-donating capacity. On the other hand, (HOMO)," corresponds to a molecule’s inner
occupied MO (Table XX). These facts are contracdictory and the only way to conciliate them is by suggesting that
this atom is serving as a bridge for a N-H..X hydrogen bond. Atom 3 is a carbon atom in ring A (Fig. 10). High
affinity is associated with low (negative) numerical values of S3E. Remember that (HOMO)3* is the dominant term
in the definition of the atomic electrophilic superdelocalizability. These values can be obtained by making more
negative the (HOMO)s;* energy, by making smaller the population of (HOMO)s;* or by both procedures. This
lowers the electron-donor capacity of atom 3. Therefore, this atom seems to interact with an electron-rich center. All
the suggestions are displayed in the partial 2D pharmacophore of Fig. 20.
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Figure 20: Partial 2D pharmacophore for Eq. 5
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Integration of the Results
The integration of the results is carried out by building a larger partial 2D pharmacophore including all the
pharmacophores suggested for each case. It is shown in Fig. 21.
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Figure 21: Final 2D partial pharmacophore for the molecule-5-HT,, serotonin receptor interactions

In summary, we have obtained a detailed partial pharmacophore for the interaction of 24 molecules with the with the
5-HT, serotonin receptors. This construct, together with the ones obtained in previous studies should help to have a
better idea of the molecule-receptor interaction and to design new molecular structures with enhanced activity.
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