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Introduction

For several decades, this Unit has explored the relationship between electronic structure and receptor affinity [1-12].
Initially, research focused on serotonin receptors but later it was extended to other receptors [13-34]. In recent years,
international pharmacological research has focused on molecules that can interact with more than one receptor at the
same time. They are known as multi-target drugs. Their paramount importance is shown with the following
example.

Schizophrenia (SP) is a complex disease affecting around 1% of people. The efficacy of the new multitarget drugs in
alleviating the symptoms of schizophrenia results not only from their affinity for dopamine D receptor but also for
serotonin receptors. The dopamine D receptor is still the main target for the new compounds but also other
dopamine receptors, mainly Ds, and serotonin 5-HT1a and 5-HT2a receptors are of great interest. The activation of
the 5-HTia receptor in the frontal cortex will increase the functions of the mesocortical dopamine pathway,
improving the negative symptoms and cognitive deficits in patients with SP. An inverse agonist of the 5-HTza
receptor could counteract an excessive D, receptor blockade, easing extrapyramidal effects and increasing the
efficacy against negative symptoms. In summary, combining D2/Ds antagonism, 5-HT1a receptor agonism, and 5-
HT,a receptor antagonism showed to be favorable in the management of SP. It is worth to mention that the
simultaneous D, receptor and 5-HT1a activation might be advantageous in Parkinson disease therapy because the 5-
HT1a receptor stimulation might decrease the dyskinetic side effects induced by D, receptor activation.

Recently we began to carry out studies on multitarget molecules interacting with dopamine and serotonin receptors
[35, 36]. In this paper, we present the results of a study of the relationships between the electronic structure and the
5-HT2a, 5-HT2c and D, receptor affinities in a group of 2-aryl tryptamines. We expect to provide some useful results
that can be of interests to experimentalists.
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Methods, Models and Calculations

The method [37]

To carry out this study we employed the so-called Klopman-Peradejordi-Gomez (KPG) formal method [38-47]. It
relates a biological activity (BA) with the electronic structure of the molecule through a linear relationship. The

actual version includes twenty local atomic reactivity indices per atom. Then, for some biological activity, we have:
subs Y4
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where a, b, e;, fi, s; hi(m), ji(m), ri(m”), t(m’), gi, ki, 0i, Zi and w; are constants to be determined, Mp is the mass of the

drug and po is the orientational effect of the o-th substituent. QJ- is the net charge of the atom j. Sannd SJN are,
respectively, the total atomic electrophilic and the total atomic nucleophilic superdelocalizabilities of atom j. Fj(m)

and Fj (m") are, respectively, the electron populations (or Fukui indices) of the occupied (m) and vacant (m') Local

Molecular Orbitals (OMs) localized on atom j. SjE(m) is the electrophilic superdelocalizability of the local

occupied OM m localized on atom j.
The last terms of Eq. 1, derived within the Hartree-Fock scheme by one of the authors (J.S. G.-J.), are: ; the local

atomic electronic chemical potential of atom j, m; the local atomic hardness of the atom j, ®; the local atomic
max
i
charge that atom j can accept) [45]. They are not the local indices derived in Density Functional Theory because in
our case they have the same units that the global equivalents (eV and not eVVxe). The molecular orbitals carrying an
asterisk are the Local Molecular Orbitals (LMO) of each atom. For atom p, the LMOs of p are all the molecular
MOs having an electron population greater than 0.01e on p. Here, we have included the three highest occupied local
MOs and the three lowest empty local MOs of each atom. More local MOs may be included in Eq. 1 if necessary. A
mandatory condition that the linear system of equations 1 must satisfy to be solved is that each equation must have
the same number of terms. This condition is satisfied only by selecting a set of atoms common to all the molecules.
This is called the common skeleton. The number of atoms of this common skeleton defines the index Z of Eq. 1. The
second mandatory condition is that we must have at least the same number of equations than the total number of
indices of the common skeleton and the other terms of Eq. 1. As no paper publishes data fulfilling this condition, we
use linear multiple regression analysis (LMRA) to detect those indices associated with the variation of the values of
the biological activity. This method has produced excellent results for many biological activities and receptors.

electrophilicity of atom j, ¢; the local atomic softness of the atom j and Q (the maximum amount of electronic

Selection of molecules and activities
The selected biological activities were the binding affinities for serotonin (5-HT2a and 5-HTa) and dopamine (Dy)
receptors of sixteen molecules from a paper of Stevenson et al. [48]. All data is shown in Table 1 and Fig. 1.

&= Chemistry Research Journal

5
LE))
v]

=

15



Gomez-Jeria JS et al Chemistry Research Journal, 2022, 7(4):14-35

Figure 1: 2-aryl tryptamines
Table 1: 2-aryl tryptamines and their receptor binding affinities

Mol. Orig. NR: Rz Rs  Rs Rs log(Ki) log(Ki) log(Ki)
5-HT2a 5-HT2c D2

1 3 H H H H
)
0.41 2.43 2.95
2 14 Q H H H H
—N
0.95 2.41 -
3 15 H H H H
#N<>
164 -

4 16 %, H H H H
~{)
-0.74 156 132
5 17 H H H H
—N
060 236 246
6 18 ocHs H H H H

——N
O -0.59 1.46 1.96

7 21 /’_’ H H H H
—N
AN 0.45 2.20
8 22 / H H H H
—N
N 085 104 103
9 25 / H H Cl H
—N
¥ 0.54 1.56 2.40
10 26 H H CN H
_/
¥ 0.41 2.20 0.38
\@ H
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The next figures show the histogram of frequencies and the Box-Whiskers plot of values with median and quartile
values for the three sets of data.
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Figure 2: h5-HT2a receptor data. Left. Histogram of frequencies. Right. Box-Whiskers plot
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Figure 3: h5-HT.c receptor data. Left. Histogram of frequencies. Right. Box-Whiskers plo

Chemistry Research Journal

17



Gomez-Jeria JS et al Chemistry Research Journal, 2022, 7(4):14-35

35

3.0

25

: T 20

15

log(K;)

1.0

No of obs

0.5

1 0.0
o Median = 1.93
[ 25%-75%
05 ° = (1.32, 2.27)
0 e T Non-Outlier Range

10 05 00 05 10 15 20 25 30 35 o oL23 2.95)
log(K)) -1.0 *

Figure 4: D, receptor data. Left. Histogram of frequencies. Right. Box-Whiskers plot

Electronic structure calculations

The electronic structure of all molecules was calculated with the Density Functional Theory (DFT) at the B3LYP/6-
31g(d,p) level after full geometry optimization. The Gaussian 16 collection of programs was employed [49]. All the
information to calculate the numerical values for the local atomic reactivity indices was obtained with the D-Cent-
QSAR software [50]. All electron populations smaller than or equal to 0.01le were considered as being zero.
Negative electron populations or populations greater than 2.0 coming from Mulliken Population Analysis were
corrected [51]. The Statistica software was used for LMRA [52]. The common skeleton used here is shown in Fig.
5.

Figure 5: Common skeleton numbering

Results
Results for the h5-HT2a receptor affinity
The best equation obtained is:

log(K,)=-29.71+273.20s,,+0.37S), (LUMO+1)*-13.36Q,,, +

+3.80SE (HOMO)*+7.08SE (HOMO-1)*

with n=16, R=0.97, R?=0.95, adj-R?=0.92, F(5,10)=36.161 (p<0.00000) and SD=0.23. No outliers were detected and
no residuals fall outside the +2c limits. Here, sy is the local atomic softness of atom 20, SN(LUMO+1)* is the
nucleophilic superdelocalizability of the second lowest empty local MO of atom 24, Qg is the net charge of atom
20, S,E(HOMO)* is the electrophilic superdelocalizability of the highest occupied local MO of atom 4 and
S1s5(HOMO-1)* is the electrophilic superdelocalizability of the second highest occupied local MO of atom 15.
Tables 2 and 3 show the beta coefficients, the results of the t-test for significance of coefficients and the matrix of
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squared correlation coefficients for the variables of Eqg. 2. There are no significant internal correlations between
independent variables. Figure 6 displays the plot of observed vs. calculated log(K;).
Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 2

Beta t(10) p-level
S20 1.02 11.19 0.000001
S24N(LUMO+1)* 0.61 8.03 0.00001
Q2 -0.64 -6.44 0.00007
S;E(HOMO)* 0.43 472  0.0008
S1sF(HOMO-1)* 025 2.76 0.02

Table 3: Matrix of squared correlation coefficients for the variables in Eq. 2

s20  SaN(LUMO+1)* Q2 SEE(HOMO)*  Sis5(HOMO-1)*
S20 1
Sz4N(LUMO+1)* 004 1
Q20 0.06 0.00 1
S4E(HOMO)* 0.02 0.00 031 1
SlsE(HOMO—l)* 0.20 0.00 0.04 0.00 1
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Figure 6: 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 constituting the common
skeleton explains about 95% of the variation of log(K;). Figure 6, spanning about 2.5 orders of magnitude, shows
that there is a good correlation of observed versus calculated log(Ki) values.

Eqg. 1 has a linear form but that there are remaining terms containing non-linear expressions that were not
considered. For this reason, we need to show, for each case, evidence supporting the hypothesis that a linear model
is correct. A good regression analysis minimizes the residuals and it is expected that they be distributed as in a cloud
showing no definite pattern or slope, centered (more or less) along of the horizontal axis in a plot of predicted values
vs. residuals scores. A random pattern shows that the use of a linear model is correct. The plot of residuals versus
deleted residuals shows the stability of the regression coefficients. No large discrepancies should appear between the
residuals and the deleted residuals. In addition, we can use a normal probability plot of residuals to evaluate the
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normality of the distribution of a variable. If the observed residuals are distributed normally, they should fall on a
straight line. Figures 7, 8 and 9 show, respectively, the plot of predicted values vs. residuals scores, the plot of
residual vs. deleted residuals and the normal probability plot of residuals.
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Figure 7: Plot of predicted values vs. residuals scores
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Figure 8: Plot of residual vs. deleted residuals

. Chemistry Research Journal

20



Gomez-Jeria JS et al Chemistry Research Journal, 2022, 7(4):14-35

Expected Normal Value

-2.0
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4

Residuals

Figure 9: Normal probability plot of residuals
Figures 7 to 9 show that a linear model relating electronic structure with h5-HT,a receptor affinity is a good first
approach.

Results for the h5-HTc receptor affinity
The best equation obtained is:

log(K,)=44.56-32.03F,,(LUMO+2)*+2.4385, +1.94S5, o

with n=15, R=0.97, R?=0.94, adj-R?=0.92, F(3,11)=56.493 (p<0.00000) and SD=0.15. No outliers were detected and
no residuals fall outside the =20 limits. Here, F1g(LUMO+2)* is the Fukui index (electron population) of the third
lowest empty local MO of atom 19, S»;F is the total atomic electrophilic superdelocalizability of atom 21 and Sz, is
the total atomic electrophilic superdelocalizability of atom 22. 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.
3. There are no significant internal correlations between independent variables (Table 5). Figure 10 displays the plot
of observed vs. calculated log(Kj) values.
Table 4: Beta coefficients and t-test for significance of coefficients in Eq. 3

Var. Beta t(11) p-level
Fio(LUMO+2)* -0.70 -9.29 0.000002

Sazf 0.39 485 0.0005

SaoF 034 421 0.001

Table 5: Matrix of squared correlation coefficients for the variables in Eq. 3.
Fio(LUMO+2)* Sp;E  Spof
Fio(LUMO+2)* 1
Saif 0.00 1
SxF 0.02 013 1
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Figure 10. Plot of predicted vs. observed log(K;) values (Eg. 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 three local atomic reactivity indices of atoms constituting the
common skeleton explains about 92% of the variation of log(K;). Figure 10, spanning about 1.5 orders of magnitude,
shows that there is a good correlation of observed versus calculated log(K;) values. Figures 11, 12 and 13 show,
respectively, the plot of predicted values vs. residuals scores, the plot of residual vs. deleted residuals and the normal

probability plot of residuals.
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Figure 12: Plot of residual vs. deleted residuals
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Figure 13: Normal probability plot of residuals
Figures 11 to 13 show that a linear model relating electronic structure with h5-HTc receptor affinity is a good first
approach.
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Results for the D2 receptor affinity
The best equation obtained is:

log(K,)=10.81-12.880,, +0.33S}, (HOMO-2)*-0.74n,, +1.74F, (HOMO-2)*

with n=13, R=0.99, R?=0.98, adj-R?=0.97, F(4,8)=114.14 (p<0.00000) and SD=0.13. No outliers were detected and
no residuals fall outside the £2c limits. Here, , m2; is the local atomic electrophilicity of atom 21, S1,5(HOMO-2)* is
the electrophilic superdelocalizability of the third highest occupied local MO of atom 14, nis if the local atomic
hardness of atom 16 and Fs(HOMO-2)* is the Fukui index of the third highest occupied local MO of atom 5. 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. 4. There are no significant internal correlations between independent
variables (Table 7). Figure 14 displays the plot of observed vs. calculated log(Ki).
Table 6: Beta coefficients and t-test for significance of coefficients in Eq. 4

Var. Beta  t(8) p-level
®21 -0.77 -16.24 0.000000
SiE(HOMO-2)* 0.18 3.84 0.005
N6 -0.53 -11.30 0.000003
Fs(HOMO-2)* 0.22 454 0.002

Table 7: Matrix of squared correlation coefficients for the variables in Eq. 4
SiE(HOMO-2)* n1is  F5(HOMO-2)*

21 1
S1E(HOMO-2)*

N6
Fs(HOMO-2)*

0.00 1
0.00 0.03 1
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Figure 14: Plot of predicted vs. observed log(K;) values (Eg. 4). Dashed lines denote the 95% confidence interval
The associated statistical parameters of Eqg. 4 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 constituting the common
skeleton explains about 97% of the variation of log(K;). Figure 14, spanning about 3.3 orders of magnitude, shows
that there is a good correlation of observed versus calculated log(Ki) values. Figures 15, 16 and 17 show,
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respectively, the plot of predicted values vs. residuals scores, the plot of residual vs. deleted residuals and the normal
probability plot of residuals.
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Figure 17: Normal probability plot of residuals
Figures 15 to 17 show that a linear model relating electronic structure with D, receptor affinity is a good first
approach.

Local Molecular Orbitals

If a local atomic reactivity index of an inner occupied MO (i.e., (HOMO-1)* and/or (HOMO-2)*) or of a higher
vacant MO ((LUMO+1)* and/or (LUMO+2)*) appears in an equation, this means that the remaining of the upper
occupied MOs (for example, if (HOMO-2)* appears, upper means (HOMO-1)* and (HOMOQ)*) or the remaining of
the empty MOs (for example, if (LUMO+1)* appears, lower means the (LUMO)*) also contribute to the interaction.
Their absence in the equation only means that the variation of their numerical values does not account for the
variation of the numerical value of the biological property. We work with the hypothesis that any algebraic
condition imposed on the numerical values of a reactivity index belonging to an inner occupied local MO or to an
upper empty MO of a given atom, also holds for the corresponding local MOs having a lower energy. Tables 8 to 11
show the local molecular orbitals of atoms appearing in Eq. 2-4.

Table 8: Local Molecular Orbitals of atoms 4, 5 and 14

Mol. Atom4 Atom 5 Atom 14
1(82)  78n80n82n- 77n80n827- 77n78n797-
831851867 85n86n87n 831841857
2(78)  75n76m78n- 73n76m78n- 73n747757-
79181n82xn 81n82783n 79780n81n
3(74)  12a73n74m- 72n73n74m- 69n70n71n-
75n77n78n T7Tn78n79n 75n76n77n
4(86) 82n84nB6m- 84n85n86m- 81n82n83n-
87n89190n 89190n91n 871887891
5(86) 82n84n867- 84n85n86m- 81182n83n-
87789190n 89790n91n 877881891
6 (94)  92n93n94x- 92193194 7- 89190791 7-
95797198n 97198199 951967971
7(79)  75a77n79n- 7778 797- 74n757767-
80n82783n 80n82783n 80n81n82n
8(75)  71a73n75n- 73n74n757- 70n71n72n-
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A g:i
Al

=2

9(83)
10 (81)
11 (79)
12 (79)
13 (79)
14 (86)
15 (91)

16 (107)

76m78n79n

80n81n83n-
847867891
78n79n81n-
82n184n85n
76n77n79m-
80n82183n
76m77n79m-
80n81n82n
75n77n79m-
80n81n82n
84n85n867-
88n189190n
88n189n91n-
921931947

10571067107 7-
108n110n111n

76m78n79n

81n182n83n-
84n86n87n
76n79n81m-
82n184n85n
TTn78n79m-
80m82183n
77m78n79m-
80m82183n
147 7n79m-
80n82183n
84n85n867-
88190n91n
88n189n91n-
921941951

10571067107 7-
108n110n111n

76n77n78n

781797807
847851867
76n77n78m-
82n83n84n
75n76779m-
80n81n82n
75n76n77m-
80n81n82n
74751 76m-
80n81n82n
81n182n83n-
871881891
86n87n88n-
9271931941
102710371047-
108710971107

Table 9: Local Molecular Orbitals of atoms 15, 16 and 17

Mol. Atom 15 Atom 16 Atom 17
1(82) 791807827- 556576660- 7808168206-
831847851 846860870 876946956
2 (78) 751767 78n- 516556620- 736776780-
79180n81n 800826830 836906946
3(74) 70n73n74m- 516526576~ 706726746~
7517677 766786790 796876900
4 (86) 82184n867- 516576596~ 8206850860G-
871881891 880906910 9169306966
5 (86) 841851867 586596720- 816856860-
877887891 880900916 9169269606
6 (94) 92193194 n- 630640650- 8869369%40-
957961971 96698599¢ 99610061026
7(79) 76777797 556566580- 756786790-
80n81n82n 810836840 8406876920
8 (75) 72n73n757- 5265465606- 71c7467506-
76n77n78n 776796800 800826846
9 (83) 80n81n83n- 586600620- 780820830-
847851867 856880890 896946960
10 (81) 78n79n81m- 5465565806- 78680081c-
82n83n84n 830850870 870900936
11 (79) 76n7 7 79m- 5465665806- 746786790-
80n81n82n 816830840 846860880
12 (79) 76n77n79m- 556566600- 75678679c-
80n81n82n 816830840 846860890
13 (79) 76n77n79m- 556576590- 756786790~
80n81782n 816830840 846860880
14 (86) 83n184n86m- 59660062c- 830850860-
871881891 896916920 926946976
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15 (91) 88189191n- 62663c640- 88590691c-
927931941 936956966 96510001030
16 (107)  104n10571077- 756760800- 7567606806-
10871097110 109611161120 109611161120
Table 10: Local Molecular Orbitals of atoms 19, 20 and 21
Mol. Atom 19 Atom 20 Atom 21
1(82) 76080081c- 75676081c- 75676081c-
916930946 9169269306 930946960
2(78)  76677c678c- 716726770 706716720-
87588589¢ 865885890 856880900
3(74) 720673c746- 670680720- 6706806720-
8265846856 796816846 796816846
4 (86) 840850860- 7906800856- 796800856-
9465986996 956966976 956966599¢
5(86) 840850860- 800816850- 796800850-
9469961000 9469606976 9469961006
6 (94) 870930%c- 8769369%4c- 8769369%40-
10561075109¢ 106610751080 103610461056
7(79) 7767806790c- 726736780- 726730780-
84659269306 875890916 8809269506
8 (75) 7307467506- 68069c746- 670669c746-
805875880 845856876 8468606870
9 (83) 810820830- 750676068206- 756760826~
896956976 926936956 9469751000
10 (81) 790680081lc- 736756800- 7367506800-
9569606970 9169309606 886920946
11(79) 770678679c- 726736780- 72673678c-
84691692¢ 880890916 885900920
12(79) 770678679c- 726736780- 72673678c-
846926946 896906926 88069269506
13(79) 7706786790 726736780- 726736786—
846916926 885896916 906926956
14 (86) 830850860- 7667708506— 766770856—
9269961010 97610001010 96698651010
15(91) 88690091c- 846856900 8468565900-
960610461050 99610161020 1000105610606
16 (107) 104610601076- 10461060107c- 104610661070c-
112612161220 112612161220 112612161220
Table 11: Local Molecular Orbitals of atoms 22 and 24
Mol. Atom 22 Atom 24
1(82) 7506760816- 926946960 56668069c- 886895900
2 (78) 71c67206770- 876886890 620646656- 846856860
3(74) 676686726- 796816820 62063c646- 806816820
4 (86) 796800856- 946966970 726736746- 926936950
5 (86) 816856866- 966976980 726736756- 916926930
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6 (94) 876936946-1016105610606 766786816- 99610061016
7(79) 7267306780- 856906916 576656680- 846856860
8 (75) 670690746- 866875886 626630646- 806816826
9 (83) 7467606826- 936956976 6665675680- 8768865906
10 (81) 726756800- 926946956 646656746- 866886900
11 (79) 716730780- 906916920 630685696- 846855860
12 (79) 726730780- 876906920 6206606676- 846856870
13 (79) 716736786- 856900910 721747 76n- 811821841
14 (86) 760770856- 966986990 781795800- 871887891
15 (91) 846850900- 97610261046 78079087n- 921931967

16 (107) 100010161060-113611761186 92069461037-10871097110%

Discussion

Discussion of the h5-HT2a receptor affinity results

Table 2 shows that the importance of variables in Eq. 2 is $20>>Qz ~ SzN(LUMO+1)*>> S,E(HOMO)*>
S1s5(HOMO-1)*. The local atomic softness always has positive numerical values, net charges may have negative,
zero or positive numerical values, electrophilic superdelocalizabilities always have negative numerical values and
nucleophilic superdelocalizabilities may have positive or negative numerical values. With these considerations and
with the algebraic analysis of Eq. 2 we can see that a high h5-HT»a receptor affinity is associated with small
numerical values for sz, with a positive net charge of atom 20, with large negative values for S,5(HOMO)* and
S155(HOMO-1)*, and with small positive numerical values for SzN(LUMO+1)*,

Atom 20 is a sp® carbon atom (see Fig. 5). All local MOs have a o character (Table 10). Local (HOMO)z" coincides
with the molecular HOMO or (HOMO-1). The local (LUMO)2" is energetically far from the molecular LUMO (i.e.,
it coincides with upper empty molecular MOs). A high h5-HT-a receptor affinity is associated with small numerical
values for sy. The local atomic softness, Sz, is defined as:

* 1
Sgo =— (5)
M2o

Therefore, enlarging the (HOMO)2"-(LUMO)2" energy gap will produce the required values. The best way is by
modifying for example the localization of the molecule’s HOMO, (HOMO-1) and (HOMO-2) so that they are not
localized on atom 20. This will make atom 20 a bad electron donor and probably create a positive net charge on this
atom. In this case, we propose that the o empty MOs of atom 20 are engaged in an alkyl interaction with occupied
MOs of the site. Note that the just mentioned requirement of a positive net charge for atom 20 coincides with the
requirement of Eq. 2.

Atom 24 is the first atom of the substituent bonded to C12 in ring C (see Fig. 5). These atoms are H, F, N (from
NO,) and C (from CFs3). Table 11 shows that (HOMO)24" is energetically far from the molecular HOMO (i.e.,
(HOMO),4" coincides with inner occupied MOs with large eigenvalues). In the case of (LUMO)24" it coincides with
higher empty MOs (such as (LUMO+4) or (LUMO+5)) when the local MO has a ¢ nature. In the case when
(LUMO)2," has a m nature it coincides with the molecular LUMO (molecules 13-16). A high h5-HT,a receptor
affinity is associated with small positive numerical values for SzsN(LUMO+1)*. Let us remember that:

*
Sg'4(|_U MO+1)*= F24(|—U|\/|O;|-]_) o

LUMO+1
where F4(LUMO+1)* is the electron population of (LUMO+1)24" and E umo-+1" is the corresponding eigenvalue.
Therefore, the only way to get small positive numerical values is by shifting the (LUMO+1)24" energy upwards,
making this atom a bad electron acceptor. This suggests that atom 24 could be interacting with an electron-deficient
center. Considering that we have some atoms with a 1 (LUMO+1)24" and others with a ¢ (HOMO)24" we have two
possibilities. One is to find a common kind of interaction for both kind of MOs and the other is to suggest the
existence of more than one site. Alkyl and/or n-alkyl interactions are good candidates for these interactions.
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Atom 4 is a sp? carbon atom in ring A (see Fig. 5). A high h5-HTa receptor affinity is associated with large
negative values for S,5(HOMO)*. Table 8 shows that (HOMO)," has a © character in all molecules and that it
coincides with the molecular HOMO. Large negative values are obtained by shifting upwards the (HOMO)," energy
making this atom a better electron donor. This immediately suggests that atom 4 is engaged in n-w interactions with
empty 1 MOs of the site.

Atom 15 is a sp? carbon atom in ring C (see Fig. 5). A high h5-HT,a receptor affinity is associated with large
negative values for S;s5(HOMO-1)*. Based on a similar analysis carried out for atom 4, it is suggested that atom 15
is also engaged in n-m interactions with empty m MOs of the site. All the suggestions are displayed in the partial 2D
pharmacophore of Fig. 18.

Sigma empty MOs engaged in alkyl
interaction with occupied sigma MOs.

Alkyl and/or pi-alkyl
interactions.

Pi-pi interactions Pi-pi interactions
with empty pi MOs with empty pi MOs
of the site. of the site.

Figure 18: Partial 2D pharmacophore for h5-HTza receptor affinity

Discussion of the h5-HTzc receptor affinity results

Table 4 shows that the importance of variables in Eq. 3 is Fio(LUMO+2)* >> S,,F ~ Sy,F,

The algebraic analysis of Eq. 3 shows that a high h5-HTc receptor affinity is associated with large numerical values
for F1o(LUMO+2)* and large negative numerical values for S,;F and Sy.F.

Atom 19 is the nitrogen atom in the side chain (see Fig. 5). All local MOs have a ¢ nature (Table 10). (HOMO)19
coincides with the molecular HOMO and (LUMO);s" with empty molecular MOs close to the LUMO. A high h5-
HT,c receptor affinity is associated with large numerical values for F1o(LUMO+2)*. This suggests that this atom is
facing an electron-rich center and it is interacting through its empty sigma MOs. A second possibility is that N19
participates in an hydrogen bond of the N19....H-O kind. Actually, we have not enough information to select one of
these options.

Atom 21 is a sp® carbon atom (see Fig. 5). All local MOs have a ¢ nature (Table 10). A high h5-HT,c receptor
affinity is associated with large negative numerical values for SxF. Large negative values are obtained by shifting
upwards the (HOMO),;" and other higher occupied MOs eigenvalues, making this atom a better electron donor. We
suggest that the ¢ occupied MOs of atom 21 are engaged in an alkyl interaction with empty ¢ MOs of the site.

Atom 22 is a sp® carbon atom bonded to N19 (Fig. 5). All local MOs have a ¢ nature (Table 11). A high h5-HTxc
receptor affinity is associated with large negative numerical values for SyF. With the same reasoning used for atom
22, we suggest that the 6 occupied MOs of atom 22 are engaged in an alkyl interaction with empty ¢ MOs of the
site. Given the vicinity of atoms 21 and 22, the interaction site could be the same. All the suggestions are displayed
in the partial 2D pharmacophore of Fig. 19.

*

4

* Chemistry Research Journal

SN

F

30



Gomez-Jeria JS et al Chemistry Research Journal, 2022, 7(4):14-35

Interaction with the site through

empty sigma MOs, and/or Sigma occupied MOs engaged
N19....H-O hydrogen bond C—> in alkyl interaction with empty sigma MOs
of the site
\c\ >SAME SITE?
19 22 -
Sigma occupied MOs engaged
C in alkyl interaction with empty sigma
MOs of the site
A\
N
\
H

Figure 19: Partial 2D pharmacophore for h5-HT,c receptor affinity

Discussion of the D2 receptor affinity results

Table 6 shows that the importance of variables in Eq. 6 is w21>> 116> Fs(HOMO-2)*~ S145(HOMO-2)*.

The algebraic analysis of Eqg. 4 shows that a high D, receptor affinity is associated with large positive numerical
values for w21 and n6, large negative values for S1s5(HOMO-2)* and small numerical values for Fs(HOMO-2)*.
Atom 21 is a sp® carbon atom (see Fig. 5). All local MOs have a ¢ nature (Table 10). A high D, receptor affinity is
associated with large positive numerical values for w21. The local atomic electrophilic index is defined as:

2y
As we can see, the numerical values of w21 are always positive. Therefore, we may produce large numerical values
by diminishing the value of the local atomic hardness. Table 10 indicates that the easiest way to do this is by
localizing the molecular LUMO (or close empty MOs) on atom 21. The other way is by shifting downwards the
local (HOMO):" (i.e. this local HOMO will correspond to an inner occupied molecular MO). For these reasons, we
suggest that atom 21 is involved in an alkyl interaction using the empty sigma MOs.

Atom 16 is a hydrogen atom bonded to N9 in ring B (see Fig. 5). A high D, receptor affinity is associated with large
numerical values for nis. The local atomic hardness has positive values for this kind of molecules (in metals this
local atomic index may have zero or negative values). Table 9 shows that local (LUMO)s" coincides with the
molecular MO close to LUMO and that (HOMO)16" coincides with inner occupied molecular MOs. The fastest way
to obtain large positive numerical values is by changing (LUMO)ss" in such a way that corresponds to a higher
empty molecular MO. We may consider atom 16 a positively charged particle devoided of orbital interactions. This
immediately suggests the atom 16 is involved in a hydrogen bond N9-H16...X (X=N, O).

Atom 5 is a sp? carbon atom shared by rings A and B (see Fig. 5). Table 8 shows that all frontier local MOs have a ©
nature. (HOMO)s" coincides with the molecular HOMO and (LUMO)s" coincides with LUMO, (LUMO+1) or
(LUMO+2). A high D, receptor affinity is associated with small numerical values for Fs(HOMO-2)*. As we made
before, we apply this requirement to Fs(HOMO-1)* and Fs(HOMO)*. Note that N9 is probably attracting electrons
from C5. This suggests that atom 5 is engaged in a n-n interaction with the site using the empty © MOs. We do not
know if other components of ring A are involved.

Atom 14 is a sp? carbon atom in ring C (see Fig. 5). A high D, receptor affinity is associated with large negative
values for S1.5(HOMO-2)*. These values are obtained by shifting upwards the corresponding eigenvalue. This will
shift the (HOMO-1)14" and (HOMO)14", making atom 14 prone to interact with its higher occupied local MOs with
the empty © MOs of an electron-deficient center. The data in Table 8 suggests a n-m interaction.

All the suggestions are displayed in the partial 2D pharmacophore of Fig. 20.
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21 Alkyl interaction using the
c” empty sigma MOs.

Engaged in a pi-pi interaction 16\H —
using the empty pi MOs. + Engaged in pi-pi
interaction(s) using

[NQ-H16...X (X=N, 0)] the higher occupied

hydrogen bond local MOs.

Figure 20: Partial 2D pharmacophore for D, receptor affinity

In summary, for the interaction of several 2-aryl tryptamines with 5-HT2a, 5-HT2c and D; receptors, we found
statistically significant relationships between electronic structure and receptor affinity. This allowed us to suggest
specific atom-site interactions such as alkyl interactions of hydrogen bond formation and to build the corresponding
pharmacophores.
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