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Abstract We present the results of a quantum-chemical analysis of the relationships between electronic structure
and 5-HT and 5-HT,a receptor binding affinity for a series of 8-acetyl-7-hydroxy-4-methylcoumarin derivatives.
The KPG model coupled with DFT calculations at the 6-31G(d,p) level were employed. Two statistically significant
results were obtained. The results are synthesized in the corresponding partial pharmacophores. The most important
result suggests that an unsaturated ring is an almost sure target for the development of new compounds with affinity
for both receptors.
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Introduction

Due to importance of the serotonergic group of receptors [1-4], our Unit has been searching for a longtime for
relationships between the molecular structure and receptor affinity of several different molecules interacting with
them [5-20]. These studies are the results of the fact that many serotonin receptor types and subtypes were
discovered through time and that many molecules interact with one or more of them. Recently, we have focused our
interest in the work of Ostrowska et al. who measured the 5-HT;5 and 5-HT,4 receptor affinities of a series of 8-
acetyl-7-hydroxy-4-methylcoumarin derivatives [21]. The molecules studied showed a higher affinity for the 5-HT 15
receptor. They present an interesting feature that has never been analyzed in our Unit, which is the different length
of the chain linking two groups of rings. This poses a serious problem to define a common structure for all them.

In this paper we present the results of a Density Functional Theory study of the relationships between the electronic
structure of the abovementioned molecules and their 5-HT;, and 5-HT 4 receptor affinities.

Methods, models and calculations

Selection of molecules and biological activities

The selected molecules are a group of 8-acetyl-7-hydroxy-4-methylcoumarin derivatives that were selected from the
aforementioned study®’. Their general formula and receptor affinity are displayed, respectively, in Fig. 1 and Table
2.
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Figure 1: General formula of 8-acetyl-7-hydroxy-4-methylcoumarin derivatives
Table 1: 8-acetyl-7-hydroxy-4-methylcoumarin derivatives and biological activity

Mol. n R; R, Rs log(Kj) log(Kj)

5-HTia 5-HT)a
1 3 Cl H H 0.30 1.34
2 3 H CH; CH; -0.05 1.10
3 3 CH; H CH; 1.15 2.01
4 3 Br H H -0.30 0.85
5 3 H Br H 0.54 0.78
6 3 H F H 3.13 2.61
7 3 CR H H 0.94 1.30
8 3 OCH; H H -0.22 0.90
9 4 <l H H -0.05 1.30
10 4 H CH; CH; 0.57 1.76
11 4 CH; H CH; 0.73 1.67
12 4 Br H H 0.18 1.00
13 4 H Br H 0.40 0.81
14 4 H F H 1.70 2.60
15 4 Ck H H 1.04 1.69
16 4 OCH; H H 0.00 1.75

Note that molecules 9-16 have a longer chain (n=4) linking rings B and C than molecules 1-8 (n=3).

Methods and Calculations

The method used to generate structure-affinity relationships is called the Klopman-Peradejordi-Gémez method
(KPG). It was created by Peradejordi starting from the work of Klopman [22]. The model was expanded by Gémez-
Jeria, who added about 14 local atomic reactivity indices derived from the Hartree-Fock scheme [23-26]. Initially,
this method was employed only to analyze equilibrium (affinity) constants measured in different ways [5, 15, 17-19,
27-42]. A considerable progress was achieved when it was shown that the KPG method could be applied, with some
strong restrictions, to any biological activity [40, 43-60].

The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the
B3LYP/6-31g(d,p) level after full geometry optimization [61] with the Gaussian suite of programs [62]. All the data
used to calculate numerical values for the local atomic reactivity indices was obtained from the Gaussian results
with the D-Cent-QSAR software [63]. All the electron populations smaller than or equal to 0.01 e were considered
as zero. Negative electron populations coming from Mulliken Population Analysis were adjusted as habitual [64].
As the resolution of the system of linear equations is not possible because we have not sufficient molecules, we
made use of Linear Multiple Regression Analysis (LMRA) techniques to find the most statistically significant
solution. For each case, a matrix containing the dependent variable (the receptor affinity of each case) and the local
atomic reactivity indices of all atoms of the common skeleton as independent variables was built. The Statistica
software was used for LMRA [65].
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We worked with the common skeleton hypothesis affirming that there is a certain collection of atoms, common to all
molecules analyzed, that accounts for nearly all the biological activity [66]. The action of the substituents consists in
modifying the electronic structure of the common skeleton (CS) and influencing the right alignment of the drug
throughout the orientational parameters. It is hypothesized that different parts or this common skeleton accounts for
almost all the interactions leading to the expression of a given biological activity. In Table 1 and Fig. 1 we can see
that the chain linking rings B and C has two different lengths. We shall use the simplest hypothesis to build de
common skeleton. Considering that the CS requires the same number of atoms, we employed as the ‘common chain’
the O-C-C fragment (attached to ring B, Fig. 1) and the carbon atom bonded to ring C. This approach is equivalent
to state that if we overlap, for example, rings A-B of all molecules, then the chain linking rings C-D of molecules
with n=4 in Table 1 must have a different conformation in such a way that rings C-D also coincide in all molecules.
The resulting common skeleton for this case is shown in Fig. 2.

29

Figure 2: Common skeleton numbering
The molecular electrostatic potentials (MEP) were calculated with GaussView and Molekel [67, 68].

Results
Results for 5-HT 4 receptor affinity
The best equation obtained was:

log K, = —9.07 +55.98F,, (LUMO +1)*+1.8077,, — 2.37S,," (LUMO +1)*+

+0.66S,," (HOMO —2)*~0.91,,

with n=16, adj-R?=0.96, F(5,10)=72.81 (p<0.000001) and SD=0.17. No outliers were detected and no residuals fall
outside the +2¢ limits. Here,F,3(LUMO+1)* is the electron population of the second lowest empty MO localized on
atom 23, 1,3 is the local atomic hardness of atom 23, S, (LUMO+1)* is the nucleophilic superdelocalizability of
the second lowest MO localized on atom 21, S,s5(HOMO-2)* is the electrophilic superdelocalizability of the third
highest occupied MO localized on atom 28 and wy, is the local atomic electrophilicity of atom 22.Tables 2 and 3
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. 1. There are no significant internal correlations between independent
variables (Table 3). Figure 3 displays the plot of observed vs. calculated log(K;) values.
Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 1

1)

Variable Beta t(10) p-level
Fx(LUMO+1)*  1.01 14.23 0.000000
N23 031 3.82 0.003

S,V (LUMO+1)* -0.55 -7.73  0.00002
S;S(HOMO-2)* 028 4.16 0.002
w22 -0.29 -3.61 0.005
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Table 3: Matrix of squared correlation coefficients for the variables in Eq. 1
Fos(LUMO+1)* 1m5 Sy (LUMO+1)*  Sy"(HOMO-2)*

S, (LUMO+1)* 0.06 017 1.00
S,F(HOMO-2)*  0.06 0.15 0.02 1.00
oy 0.05 0.25 0.26 0.08
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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 five local atomic reactivity indices of atoms of the common skeleton
explains about 96% of the variation of log(K;). Figure 3, spanning about 3.2 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 5-HT,4 receptor affinity
The best equation obtained was:

log K, =1.70 - 27.97F,, (LUMO)*+2.21F,, (HOMO)*-8.20F, (LUMO + 2)*—

—10.93F,, (LUMO +2)*+0.58S,," (LUMO + 2)*-0.39S,,* (HOMO - 2)*

with n=16, adj-R?=0.96, F(6,9)=63.07 (p<0.000001) and SD=0.12. No outliers were detected and no residuals fall
outside the £2¢ limits. Here,F,3(LUMO)* is the electron population of the lowest empty MO localized on atom 23,
F,3(HOMO)* is the electron population of the highest occupied MOI localized on atom 23, F,5(LUMO+2)* is the
electron population of the third lowest empty MO localized on atom 25, F,o(LUMO+2)* is the electron population if
the third lowest empty MO localized on atom 29, Sy (LUMO+2)* is the nucleophilic superdelocalizability of the
third lowest empty MO localized on atom 20 and S;,5(HOMO-2)* is the electrophilic superdelocalizability of the
third highest occupied MO localized on atom 11.Tables 5 and 5 show the beta coefficients, the results of the t-test
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for significance of coefficients and the matrix of squared correlation coefficients for the variables of Eq. 2.Figure 4
displays the plot of observed vs. calculated log(K;) values.
Table 4: Beta coefficients and t-test for significance of coefficients in Eq. 2

Variable Beta t(9) p-level
F(LUMO)* -1.01 -15.57 0.000000
F,3(HOMO)* 0.58 857 0.00001
Fs(LUMO+2)*  -0.31 -5.69  0.0003
Fo(LUMO+2)*  -0.27 -4.79  0.001
SN (LUMO+2)* 0.18  3.42 0.008
SuF(HOMO-2)*  -0.14 -2.47 0.04

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

F(LUMO)*  F;3(HOMO)*  Fps(LUMO+2)*  Fog(LUMO+2)* SZON(LUMO+2)*
F,3(HOMO)* 0.36 1.00
Fs(LUMO+2)*  0.07 0.03 1.00
Foo(LUMO+2)*  0.00 0.00 0.01
SZON(LUMO+2)* 0.03 0.12 0.00 0.01 1.00
SllE(HOMO—Z)* 0.01 0.04 0.02 0.14 0.00
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Figure 4: 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 six local atomic reactivity indices of atoms of the common skeleton
explains about 96% of the variation of log(K;). Figure 4, spanning about 2 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.

Note that when 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 any equation, this means that the remaining of the upper
occupied MOs (for example, if HOMO-2 appears, upper means HOMO-1 and HOMO) or the remaining of the
empty MOs (for example, if LUMO+1 appears, lower means the LUMO) contribute to the interaction. Their absence
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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.

Table 6: Local molecular orbitals of atoms 11, 20, 21 and 22

Mol. Atom 11 (C) Atom 20 (N) Atom 21 (C) Atom 22 (C)
1(120) 115x116x118n- 1171p11961200- 114611961200- 114611961200-
12171227123 1320613361350 125613361370 132013301340
2(120) 115ml16m117n- 111c114Ip119c- 114611961200~ 111011461196-
1217122=123c  1351p140lpl41c 131613361370 1310133613606
3(120) 114xnll16ml117n- 110611161190c- 111611961200~ 111011561196-
12171227123 140Ip142c1440 13261386139¢ 131013261330
4(129) 124n125w127xn- 1261p12861290- 123612861290- 1236128061290-
130n131n132n  141014201441p 1346142614606 1416142061436
5(129) 124xn1257127n- 11706118061280- 12361286129c- 119612361280-
130n131%132n 14161491p1500 1416142061460 1416143061460
6 (116) 111xl12n114n- 10706110c1150- 110611561160- 1076110c1150-
117x118=1197  130Ip131Ip137Ip 128612961320 1260128061296
7(128) 124w125n126m- 119612761280- 119612761280~ 12361276128c-
129%130%132n 143Ip148Ip151lp 1380614001440 1360138061400
8 (120) 115znl16m117n- 114lp118Ip1190- 114611961200~ 111011461196-
121n12271237c  135Ip136Ip140Ip 133613961400 1330134061400
9(124) 121m122%123n- 1150611761220- 122612361240- 117612206124c-
1257126w128n  132Ip138Ip139Ip 134613761390 128013261376
10 (123) 120m122xn123n- 1140611561230- 118612261230- 11861236124c-
1257126w127n 13161361p138Ip 134613761380 131013461370
11 (124) 120m122xn123n- 1140611561230- 121612261230- 11561236124c-
1257126w127n 13161351p1371p 134613861440 1316136061386
12 (133) 130n131m132n- 1220131613206~ 131613261330~ 1310613261336-
13471357138 14161471p148c 143614661486 1370141614606
13 (133) 1297131n132n- 122013161320~ 122613161320~ 1310613261336-
13471357137 141c1461p1471lp 145614761530 1410614761496
14 (120) 116m118n119%- 111611861190- 11361186119c- 118611961200-
121712271231 12761311p134c 129613361340 127612961336
15(132) 130m131m132- 123613161320- 130613161320- 127613161320-
1337134n137n  139c1451pl460 146615361540 139614161456
16 (124) 119x120xm122%n- 1140611561230- 121612261230- 11861236124c-
1257126n127n 13161351p1370 138613901440 131613301380
Table 7: Local molecular orbitals of atoms 23, 25, 28 and 29
Mol. Atom 23 (C) Atom 25 (C) Atom 28 (C) Atom 29 (C)
1(120) 114611961200- 114611961200- 117x11971207- 111x1147117x-
1360613761396 125613561360 124w12571276 124w12571276
2(120) 114611961200- 114611961200- 114611871207- 114 7 11871207
126012801336 1350137061400 12571261357 1257126713 7w
3(120) 115611961200- 115611961200- 115611871207- 11161157118x-
126612801350 139614001410 124n126m131n 124n126m1340
4(129) 123612801290- 123612861290- 126m128n1297- 1226123n126m-
%PTRS Chemistry Research Journal

90



GoOmez-Jeria JS & Gatica-Diaz N

Chemistry Research Journal, 2019, 4(1):85-100

5 (129)
6 (116)
7 (128)
8 (120)
9 (124)
10 (124)
11 (124)
12 (133)
13 (133)
14 (120)
15 (132)

16 (124)

146614861496
12361286129c-
134613861426
110611561160-
120612261246
123612761286~
131613261410
114611961200-
125613061350
117612261240-
136613761380
115611861230-
137614061426
115611861230~
136013801446
131613261330~
145014661476
126013161326-
145014761480
11301186119c-
129613361356
123613161320~
141014461456
115611861230~
138014201446

134614461456
12361286129c-
143614561476
110c11561160-
131613561366
123612761286~
143614461476
114611961200-
130013661376
122612361240-
1280131061326
1156118c1246-
129613161346
118c12161240-
129613161366
1310132613306~
1376139c1416
126613061330-
138014161456
113611761206~
124012561276
130013161320~
1360613961416
118c12161240-
128013161336

13361346136m
123wn12671297-
133n1347n1360
11011371 167-
120122712606
1237127% 128x -
131713271386
114%11871207-
125n126m128n
1176120%1247-
127wx1287n131n
1186121%124x-
128n1297137n
118c121n124m-
128712971386
12601297133 n-
1367 1377139
126m13071337-
136113811480
1137117%1207-
1247125712906
127n13101320-
135n136m14106
118712171247-
1287129713306

133n134n1360
1216126w1297-
133n134n136m
11011371 167-
120%12271266
12271237127 1t-
13171327133x%
114711871207-
124w 12571267
120%1227 1247-
1277128n131xw
118n1217m124m-
128712971380
11871217124 7-
12871291134
1317 1327 1337-
136113771396
1266130%133n-
136m138n139 nt
113711771207-
124712571296
127713171327-
135n136m1416
11871217124 7-
128712971336

Discussion

Molecular electrostatic potential (MEP)

Figure 5 shows the MEP map of molecules 1 and 9 calculated at 4.5 A from the nuclei. Figure 6 shows the MEP

map of molecules 5 and 13 calculated at 4.5 A from the nuclei.
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We can see that the oxygen atoms of rings A and B produce the stronger negative MEP volume. 4.5 A is the zone of
weak/medium drug-receptor interactions?®®. Here, the orientation and guiding processes begins. There are slight
variations in the value of the MEP in the vicinity of rings C and D. For this reason, we tentatively suggest that these
molecules approach their receptors with the negative MEP area of the oxygen atoms pointing toward them. Figure 7
shows the MEP map of molecules 1 and 9 (yellow isosurface = +0.0004, orange isosurface = -0.0004)%". Figure 8
shows the MEP map of molecules 5 and 13 (yellow isosurface = +0.0004, orange isosurface = -0.0004).

Figure 8: MEP map of molecules 5 (left) and 13 (right)
First of all, we must keep in mind that the MEP is calculated for the in vacuo optimized geometry. Figures 7 (left)
and 8 (left) show that a continuous surface of negative MEP (orange color) exists in all the upper part of these
molecules. The continuity is due to the particular conformation of the chain joining rings A-B with rings C-D (Fig.
2). This continuity is broken in the case of molecules 9 (Fig. 7, right) and 13 (Fig. 8, right) only because of the
different conformation of the linker. Figure 9 shows molecules 1 and 9 with the A-B rings superimposed.

Figure 9: Molecules 1 and 9 in their lowest energy conformation with their A-B rings superimposed
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Considering that the insertion of substituents was in ring D, the MEP map around rings A-B remained more or less
similar in all molecules. This, again, can be taken as additional support for the suggestion that these molecules could
approach their receptor with the rings A-B pointing toward them. Figures 10 and 11 show, respectively, the
superimposition of the ten lowest energy conformers of molecules 1 and 9 (with MarvinView and Dreiding force
field [69]).

Figure 10: Superimposition of the lowest energy conformers of molecule 1. Rings A-B are at the right side

Figure 11: Superimposition of the lowest energy conformers of molecule 9. Rings A-B are at the right side
We can see that in molecule 1 there are three kinds of conformers: a group of extended conformers and two groups
of conformers in which the linking chain and rings C-D are folded in opposite directions. In the case of molecule 9,
given the longer length of the linker, we can distinguish the same three groups but also one conformer with the ring
D facing rings A-B and other conformer that has rings C-D folded with ring D approaching rings A-B. These
differences suggest that the experimentalist should select the molecules with n=3 to substitute them in rings A-B and
also introduce methyl groups in ring C.

Discussion of 5-HT 14 receptor affinity results

Table 2 shows that the importance of variables in Eq. 1 is Fps(LUMO+1)*>> SyN(LUMO+1)*> 15> 0=
S,s-(HOMO-2)*.The analysis of Eq. 1 indicates that a high receptor affinity activity is associated with small
(positive) values for F,3(LUMO+1)* and n,3, high (positive) values for S,,"(LUMO+1)*, high (negative) values for

-
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S,s5(HOMO-2)* and high (positive) values for ,,”°.Atom 23 is a carbon in ring C (Fig. 2). Table 7 shows that all
local MOs have o nature, that HOMO,3  coincides with the molecular HOMO or (HOMO-1), and that LUMO,;"
corresponds to a molecular orbital energetically far from the molecular LUMO. This indicates that this atom is not
prone to interact with electrons donors. Now, considering that a high receptor affinity activity is associated with
small positive values for F,3(LUMO+1)*, then we can increase the receptor affinity by making F3(LUMO+1)*=0,
i.e., by changing the actual (LUMO+),;" by a higher empty molecular MO. This provokes also a decrease of the
electron-accepting capacity of this atom. This suggests that atom 23 is interacting with an electron-deficient center.
The requirement of small values for 1,3 is contradictory with the just mentioned requirements. As Table 2 shows, the
statistical significance of 13 is considerably lesser than the statistical significance of F,3(LUMO+1)*. Therefore, we
may discard 1,3 for the discussion. Atom 21 is a carbon in ring C (Fig. 2). Table 6 shows that all local MOs have ¢
nature, that HOMO,; coincides with the molecular HOMO or (HOMO-1), and that LUMO,;" corresponds to a
molecular orbital energetically far from the molecular LUMO. In this case, high (positive) values for
S,M(LUMO+1)* are associated with high affinity. This means that this atom is not prone to interact with electrons.
Therefore we suggest that atom 21 is interacting with an electron deficient center. Atom 28 is a carbon in ring D
(Fig. 2). Table 7 shows that all local frontier MOs have a m nature. Table 7 also shows that the local HOMO*
coincides with the molecular HOMO and that the local LUMO* does not. This means that atom 28 is not a good
electron acceptor. High (negative) values for S,s=(HOMO-2)* are associated with great affinity. To get these values
we must move upwards the (HOMO-2),," energy, making this atom more prone to share its electrons. Therefore we
suggest that this atom is interacting with an electron-deficient center. Atom 22 is a carbon in ring C (Fig. 2). Table 6
shows that all MOs have a o nature, that the local HOMO,," coincides with the molecular HOMO or (HOMO-1) and
that the local LUMO,," coincides with molecular MOs that are energetically very far from the molecular LUMO.
High (positive) values for the local atomic electrophilicity of atom 22, w,,, are associated with high affinity. m,; is
defined as:

_ My

2ny,
where i, is the local atomic electronic chemical potential of atom 22 and 1y, its local atomic hardness. Higher
values can be obtained faster if we force (by substitutions) the LUMO,, to coincide with the molecular LUMO.
This is so because the local atomic hardness will diminish and the local atomic electronic chemical potential will
become more negative. Therefore this atom will become more prone to accept electrons suggesting that this atom is
interacting with an electron-rich site.All these suggestions are displayed in the partial 2D pharmacophore of Fig. 12.

@5,

@)

Figure 12: Partial 2D pharmacophore for 5-HT, receptor affinity

Discussion of 5-HT,, receptor affinity results
Table 4 shows that the importance of variables in Eq. 2 is Fp(LUMO)*>> Fyu(HOMO)*> Fys(LUMO+2)*>
Foo(LUMO+2)*> SN (LUMO+2)*> S;;5(HOMO-2)*.The analysis of Eq. 2 indicates that a high receptor affinity
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activity is associated with high (positive) values for F,3(LUMO)*, Fs(LUMO+2)* and Fy(LUMO+2)*, with small
(positive) values for F,3(HOMO)* and Sy (LUMO+2)* and with small (negative) values for S;;5(HOMO-2)*.Atom
23 is a carbon in ring C (Fig. 2). Table 7 shows that all local MOs have ¢ nature, that HOMO,;" coincides with the
molecular HOMO or (HOMO-1), and that LUMO,;  corresponds to a molecular orbital energetically far from the
molecular LUMO. A high affinity is associated with high (positive) values for Fo3(LUMO)* and small (positive)
values for F»3(HOMOQO)*. High positive values for F»(LUMO)* indicate that this atom should behave as a good
electron acceptor or be able to interact with electron-deficient centers. In the case of HOMO,; the limit case to
diminish the value of F,3(HOMO)* is simply by suppressing the localization of this MO on atom 23, replacing it by
an inner occupied molecular MO (i.e., a new HOMO,;). Therefore, we suggest that atom 23 is interacting with an
electron-rich center. Atom 25 is a carbon in ring C (Fig. 2). Table 7 shows that all local MOs have ¢ nature, that
HOMO,s  coincides with the molecular HOMO and that LUMO,s" corresponds to a molecular orbital energetically
far from the molecular LUMO. A high affinity is associated with high (positive) values for Fys(LUMO+2)*.As the
presence of (LUMO+2),5 indicates that (LUMO+1),5 and LUMO,s also participate in the interaction, we suggest
that this atom is facing and interacting with an electron-donor site with a relatively large electron population. Atom
29 is a carbon in ring D (Fig. 2). Table 7 shows that all local frontier MOs have a © nature. In most molecules,
HOMO,," coincides with the molecular HOMO but in other cases with inner occupied molecular MOs. LUMO,,"
corresponds to a molecular orbital energetically far from the molecular LUMO. A high affinity is associated with
high (positive) values for F,o(LUMO+2)*. As in the case of atom 25, we suggest that atom 29 is also interacting
with an electron-donor site. Atom 20 is one of the nitrogen atoms in ring C (Fig. 2). Table6 shows that the local
HOMO, HOMO,,", coincides with one of the three highest occupied MOs of the molecules and that it has a ¢
nature. LUMO,, has a o or lone pair (Ip) nature and it corresponds to a molecular orbital energetically far from the
molecular LUMO in all cases. Small (positive) values for S, (LUMO+2)* are associated with high affinity. These
values are obtained by shifting upwards the MO energy, making this atom less prone to receive electrons. Therefore,
it is suggested that this atom is interacting with an electron-deficient center. Atom 11 is a carbon in ring B (Fig. 2).
Table 6 shows that all local frontier MOs have a © nature. A high affinity is associated with small (negative) values
for S;;5(HOMO-2)*, values that are obtained by shifting downwards the MO energy. This suggests that this atom
should behave as a bad electron donor. Considering that HOMO,;" corresponds to one of the three highest occupied
molecular MOs and that LUMO;" coincides with the molecular LUMO in all but one case, we suggest that this 11
is interacting with an electron-rich center.All the suggestions are displayed in the partial 2D pharmacophore of Fig.
13.

Figure 13: Partial 2D pharmacophore for 5-HT,, receptor affinity
It is interesting to note that in the case of the 5-HT, receptor, there are at least three carbon atoms of ring C that
seem to interact with a site in the receptor. These interactions can be weak 7-c interactions between a C-H group and
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a 7 ring system or weak interactions between occupied and empty sigma MOs. In the case of the 5-HTa receptor the
situation is analogous: there are at least three atoms of ring C interacting with a site of this receptor, and the possible
interactions are analogous to the 5-HT,, case. This suggests the possible existence of a hydrophobic pocket in both
receptors.

What is particularly important here is that ring C is the perfect target to try substitutions because the electronic
effects cannot propagate through this saturated ring. Therefore, substituents like methyl, ethyl or similar ones (with
only o electrons) are suited for this work. Even substituents such as chlorine or bromine can provide very useful
information about the kind of interactions of ring C with the putative site.
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