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Abstract A Density Functional Theory study was carried out to obtain quantitative relationships between the
electronic structure of a group of (S)-enantiomers of 11-(1,6-dimethyl-1,2,3,6-tetrahydropyridin-4-yl)-5H-
dibenzo[b,e][1,4]diazepines and their dopamine receptor affinity (D; and D, receptors). For both receptors
statistically significant equations were found. From these equations the corresponding partial 2D pharmacophores
were built. Some possible atom-site interactions are proposed as well as some possible substitutions to modify
receptor affinity.
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Introduction

Schizophrenia is a very complex disorder in both its causes and its symptoms. This illness, affecting nearly 1% of
the population worldwide, has been studied for about 140 years [1]. Schizophrenia is a serious mental illness
involving changes in thought, patterns, emotions, behaviors, and ways of observing the outside world. Schizophrenia
is probably not one disorder, but a range of related disorders that vary in symptoms, severity, and outcome [1].
Following the National Institute of Mental Health the symptoms of schizophrenia generally fall into the following
three categories: psychotic symptoms (hallucinations, delusions, thought disorder), negative symptoms (reduced
speaking, reduced expression of emotions via facial expression or voice tone, diminished feelings of pleasure in
everyday life, reduced motivation and difficulty planning, beginning, and sustaining activities) and cognitive
symptoms (difficulty processing information to make decisions, problems using information immediately after
learning it, trouble focusing or paying attention) (taken from https://www.nimh.nih.gov/health/topics/schizophrenia).
The causes of schizophrenia are not entirely understood. For this reason, some of the current treatments make
emphasis on managing symptoms. Antipsychotic drugs are the backbone of therapeutic intervention. Nevertheless,
about 30% of patients are categorized as treatment-resistant schizophrenia (TRS). TRS is defined as the persistence
of positive symptoms despite 2 or more trials of satisfactory dose and duration of antipsychotic medication with
documented adherence [2-7]. For these patients, doctors prescribe the atypical antipsychotic clozapine as medication
[8-13]. Clozapine binds to serotonin, dopamine and GABAg receptors but its exact mechanism of actions is not
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known [4, 6, 11, 14-18]. Several derivatives of clozapine have been synthesized and tested [19-29]. Recently,
Watanabe et al. analyzed a group of  11-(1,6-dimethyl-1,2,3,6-tetrahydropyridin-4-yl)-5H-
dibenzo[b,e][1,4]diazepines. They reported experimental data of dopamine D, and D, receptors affinities [30]. Here
we report the results of a quantum-chemical study searching for quantitative relationships between the electronic
structure of the abovementioned molecules and their dopamine receptor affinities.

Methods, Models and Calculations [31]
The Method
Our technique to find physically-based structure-activity relationships is based on the ensuing ideas [31]. A model to
analyze the affinity constant is proposed starting from the statistical-mechanical definition. Next, scientifically-
based approximations are employed to transform the model into mathematical equations. This approach was
successfully applied to several kinds of receptors and molecules. The next stage was to enlarge the original equation
with about fifteen more members. Finally, this method was generalized to any biological activity (BA). The final
result is the following system of n linear equations (for n molecules) [32-44]:
E
E N
log(BA), =a+bM,, +clog| ,, ((ABC)™ |+ ;[EJQJ”JSJ +s8) ]
E (HOMO)* E (LUMO+2)*
Sy [h J(M)F,(m)+x,(m)S; (m)]+z > [.rj(m')Fj(m')+tj(m')s;jN (m')]

=1 m=(HOMO-2)* j=1 m=(LUMO)*

E
+Zl:[91“j+kjnj+°j®j+zjgj+WiQTax]
J:

(i=1,...,n) 1)

where BA is the biological activity, M is the drug’s mass, ¢ its symmetry number, ABC the product of the drug’s
E N

moments of inertia about the three principal axes of rotation, Q; is the net charge of atom ',Si and Si are,

respectively, the total atomic electrophilic and nucleophilic superdelocalizabilities of Fukui et al., F; ., is the electron

St (m)

population of atom i in occupied (empty) MO (molecular orbital) m (m’). is the electrophilic

S (m)

superdelocalizability of atom i in occupied MO m, is the nucleophilic superdelocalizability of atom i in

max

empty MO m’. Hi M 95 S gng Qi are, respectively, the local atomic electronic chemical potential of atom j,
the local atomic hardness of atom j, the local atomic electrophilicity of atom j, the local atomic softness of atom j
and the maximal amount of electronic charge that atom j may accept. These local atomic reactivity indices (LARIs)
are expressed in eV like the global ones and not in eV-e as are the projected local reactivity indices coming from
Density Functional Theory [40]. The summation on atoms runs from one to E. E corresponds to the so called
common skeleton (CS, see below).The summation on the occupied molecular orbitals goes from (HOMO-2)* to
(HOMO)* and that the summation on empty MOs runs from (LUMO)* to (LUMO+2)* (with an asterisk). They are
called the local molecular orbitals of a given atom. Let be A the set of all occupied MOs of a molecule. The set of
local molecular orbitals of atom f is defined as the subset of A comprising all MOs having an electron population on
f equal or greater than 0.1 e [40]. We are working with only the three highest occupied local MOs and the three
lowest empty local MOs for the atoms considered in E. This method is called the Klopman-Peradejordi-Gomez
approach (KPG).

Selection of molecules and biological activities

The molecules are a group of (S)-enantiomers of diazepine derivatives selected from a recent study [30]. Their
general formula and dopamine D; and D, receptor affinity are displayed, respectively, in Fig. 1 and Table 1. The
dopamine D, receptor affinity was evaluated in CHO cells expressing human D; receptor, with *H-SCH23390 as
radioligand and SCH23390 as displacer. The dopamine D, receptor affinity was evaluated in CHO cells expressing
human D, receptor with *H-Spiperone as radioligand and spiperone as displacer. The reported K; values were
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calculated with the equation K; =ICxo/(1 + S/Ky), where S is the radioligand concentration used in the assay and K is
the dissociation constant.

R,
N

/

H
Figure 1: General formula of the (S)-enantiomers of diazepine derivatives
Table 1: (S)-enantiomers of diazepine derivatives and dopamine D; and D, receptor affinities

Molecule R; R, log(Ky) log(Ky)
D, D,
1 Cl H 1.71 2.68
2 Cl Me 0.36 1.8
3 Cl Et 0.15 1.45
4 Cl OMe 0.3 1.84
5 Cl OEt 0.57 1.67
6 Cl OCF3 0.3 2.04
7 Cl F -0.7 2.1
8 Cl Cl -0.046  2.02
9 Cl CN 0.041 2.13
10 Me OCF3  0.38 3.09
11 Me F 0.74 2.66
12 Me Cl -0.32 1.99
13 H Me 0.9 291
14 H Et 0.6 2.22
15 H Cl 0.2 2.09

Figures 2 and 3show graphical representations of the D; experimental data employed here. Figure 2 shows a
histogram of frequencies with the percentage of observations in the upper part of each rectangle (percentages add up
to more than 100% due to the use of integer numbers).
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Figure 2: Histogram of the frequencies of the D; receptor affinity data
We can see that more than 50% of the data is between log(K;) values of -0.4 and 1.0. The gap between groups of
data at the right side of the plot is originated only because no molecules presented values of D, receptor affinity data
within this range. Figure 3 shows the Box-Whiskers plot of the D; data values with median and quartile values.
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Figure 3: Median/Quart./Range Box-Whiskers plot of the D, receptor affinity data
We can see that perhaps an outlier exists. Because we have no reasons to question experimental results, we include
this outlier in the data matrix. Moreover, it seems that this outlier appears due only to the absence of log(K;) data
between 0.9 and 1.71 (see Table 1). Figures 4 and 5 show graphical representations of the D, receptor affinity

experimental data employed here.
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Figure 4: Histogram of the frequencies of the D, receptor affinity data
We can see that the distribution of data is almost continuous and that about one third of the date is between values of

log(K;) of 2.0 and 2.2.
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Figure 5: Median/Quart./Range Box-Whiskers plot of the D, receptor affinity data

We can see that no outliers or extreme data exist.

Calculations
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The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the
B3LYP/6-31G(d,p) level with full geometry optimization. The Gaussian suite of programs was used [45]. All the
information needed to calculate numerical values for the local atomic reactivity indices was obtained from the
Gaussian results with the D-Cent-QSAR software [46]. 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 corrected
as usual [47]. Since the resolution of the system of linear equations is not possible because we have not enough
molecules, we made use of Linear Multiple Regression Analysis (LMRA) techniques to find the best solution. For
each case, a matrix containing the dependent variable (log(K;) 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
[48].

Because the right side of Eqg. 1 needs the same number of terms for all molecules, we have introduced the common
skeleton hypothesis coming directly from the concept of atom-atom interactions [49]. To build the common skeleton
we select E atoms of any of the molecules. These E atoms must have similar counterparts in all the remaining
molecules of the set but they do not need to be of the same nature (i.e., a carbon atom in one molecule could be a
nitrogen atom or an oxygen atom in another) Therefore the common skeleton of all molecules can be superimposed,
implying that these structures must be oriented in the same way in all molecules when exerting their biological
activity. It is hypothesized that different parts of this common skeleton account for all or almost all the atom-atom
interactions leading to the expression of the biological activity. The action of the remaining atoms is to modify the
electronic structure of the common skeleton (they can also bind receptors or other macromolecules) and to influence
the right alignment of the drug (throughout the orientational parameters). The common skeleton is shown in Fig. 6.
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Figure 6: Common skeleton numbering

Results

Concerning the interpretation of the QSAR equations, an important point to stress is the following. When a local
atomic reactivity index of an inner occupied local MO ((HOMO-1)* and/or (HOMO-2)*) or of a higher vacant local
MO ((LUMO+1)* and/or (LUMO+2)*) appears in any equation, this means that the remaining of the upper
occupied local MOs (for example, if (HOMO-2)* appears, upper means (HOMO-1)* and (HOMO)*) or the
remaining of the empty local MOs (for example, if (LUMO+1)* appears, lower means the (LUMO)*) contribute to
the interaction. Their nonappearance 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. Also, it is considered that the absent local
MOs behave in the same way that the local MOs appearing into the equations. A second point is the presence of
outliers in various equations during the LMRA procedure. Single outliers can significantly change the slope of the
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regression line and therefore the value of the correlation. Also, outliers artificially increase the value of a correlation
coefficient and also decrease the value of a correlation.

Results for the dopamine D, receptor affinity

The best equation obtained was:

log(K, )=25.49+0.02S,,"-1.42S,,"-3.825,.¥ (HOMO)*-17.63F,, (HOMO-2)* ®

with n=15, R=0.98, R?*=0.96, adj-R’=0.94, F(4,10)=58.876 (p<0.00001) and SD=0.13. No outliers were detected and
no residuals fall outside the +20 limits. Here, S1;" is the total atomic nucleophilic superdelocalizability of atom 11,
Sie" is the total atomic nucleophilic superdelocalizability of atom 19, S;5(HOMO)* is the electrophilic
superdelocalizability of the highest occupied local MO of atom 16 and F;5(HOMO-2)* is the Fukui index of the
third 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 squared correlation coefficients for the variables of Eq. 2. There are no
significant internal correlations between independent variables (Table 3). Figure 5 displays the plot of observed vs.
calculated values.
Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 2

Variable Beta t(10) p-level
S 1.06 15.15 0.000000
Sig" -0.53 -7.45 0.00002
SiF(HOMO)*  -0.23 -3.42 0.007
Fis(HOMO-2)* -0.19 -2.92 0.02

Table 3: Matrix of squared correlation coefficients for the variables in Eq. 2
SV S S (HOMO)*  Fi5(HOMO-2)*
Sy 1
S 0.08 1
S (HOMO)* 0.03 0.07 1
Fis(HOMO-2)* 0.02 0.02 0.0004 1
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Figure 7: 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 four local atomic reactivity indices of atoms constituting the common
skeleton explains about 94% of the variation of log(K;). Figure 7, spanning about 2.4 orders of magnitude, shows
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that there is a good correlation of observed versus calculated values. Figures 8, 9 and 10 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 8: Plot of predicted values vs. residuals scores
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Figure 10: Normal probability plot of residuals
We can see that that there is a general absence of fitting and that the data does not appear to form a determined
pattern around the line then the variable does not need be transformed and that our use of a linear model is
appropriate. The points should cluster around a straight line for a normally distributed variable. The distribution of
points in the three plots shows that the assumption of linearity is a good first approach. Therefore, equation 2 is
suitable to be employed for an analysis of the structure-affinity relationships.

Results for the dopamine D, receptor affinity
During the LRMA analysis only one data appeared as being an outlier and was removed from the set. The best
equation was:

log(K, )=1.04+7.00F,; (LUMO)*+42.12F,, (LUMO+1)*+

+0.002S,," (LUMO+2)*-2.24F,, (HOMO)* -

with n=14, R=0.96, R?*=0.93, adj-R?=0.89, F(4,9)=27.250 (p<0.00005) and SD=0.14. No outliers were detected and
no residuals fall outside the +2c6 limits. Here, Fos(LUMO)* is the Fukui index of the lowest empty local MO of atom
25, Fo(LUMO+1)* is the Fukui index of the second lowest empty local MO of atom 22, S;o (LUMO+2)* is the
nucleophilic superdelocalizability of the third lowest empty local MO of atom 10 and F,(HOMO)* is the Fukui
index of the highest occupied local MO of atom 12.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 11 displays the plot of observed
vs. calculated values.
Table 4: Beta coefficients and t-test for significance of coefficients in Eq. 3

Variable Beta t(9) p-level

Fo5(LUMO)* 0.60 5.77 0.0003

Fo(LUMO+1)* 0.73 6.73 0.00009

SiM(LUMO+2)* 0.44 3.69 0.005

F1,(HOMO)* -0.23 -2.41 0.04

Table 5: Matrix of squared correlation coefficients for the variables in Eqg. 3
Fos(LUMO)*  Fpp(LUMO+1)* S, "(LUMO+2)*  Fi,(HOMO)*
Fas(LUMO)* 1

Fu(LUMO+1)*  0.02 1
SN (LUMO+2)*  0.17 0.26 1
F,(HOMO)* 0.04 0.01 0.0001 1

N
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Figure 11: Plot of predicted vs. observed log(K;) values (Eqg. 3). Dashed lines denote the 95% confidence interval
The associated statistical parameters of Eq. 3 indicate that this equation is statistically significant and that the
variation of the numerical values of a group of four local atomic reactivity indices of atoms constituting the common
skeleton explains about 89% of the variation of log(K;). Figure 11, spanning about 1.5 orders of magnitude, shows
that there is a relatively good correlation of observed versus calculated 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 (Eqg. 3).
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Figure 13: Normal probability plot of residuals

We can see that the points cluster around a straight line. The distribution of points in these three plots shows that the
assumption of linearity is a good first approach. Therefore, equation 3 is also appropriate to deal with the structure-
affinity relationships.
Local Molecular Orbitals
Tables 6 and 7 show the local MO structure of atoms 10, 11, 12, 16, 19, 22 and 25 (see Fig. 6). Nomenclature:
Molecule (HOMO) / (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*,

Table 6: Local molecular orbitals of atoms 10, 11, 12 and 15

Mol. Atom 10 Atom 11 Atom 12 Atom 15
1(89) 868 7n89m- 87688689c- 85686m87m- 86m87n89m-
906917920 926936946 901910927 901916927
2(93) 90791193 71- 916921936- 8969091 7t- 9091193 n-
941951960 966976980 94195696m 94195696m
3(97) 94195197 1t- 956960697c- 936941957 94195197 1-
9819911000 10010101020 9819951007 9819951007
4(97) 94195197 1t- 94695097c- 936941957 94195197 1-
981991007 100010161020 9819951006 9819961000
5(101) 981991101 7- 98069961016- 98199101 7- 981991101 7-
102710371047 1046105610606 102710361040 102710361040
6(109) 107710861097- 10761086109c- 1056106m1077- 107x10851097-
110x111%1120 112611361140 110x1116112% 110x111c112%
7(93) 90791193 71- 916926936- 89690n9 1 1t- 9091193 n-
941951960 9769861056 941956967 941951967
8(97) 9519669 7n- 95696697c- 93694n95n- 94195197 1t-
9819911006 1000610161026 9819951007 9819951007
9(95) 92193694n- 936946956- 91192193 1- 92193194 -
9619706986 97699651006 96m197098n 961971980
10(105) 102710371057- 103610461050- 10171027103 7- 102710371057-
106m107x1080 10861096110 106710761087 106m1076108=
11(89) 868 7n89m- 86687689c- 85686m87m- 85687189n-
901911920 926936946 901916927 9019106927
12(93) 90791193 7- 916926936- 89690n9 1 7t- 90791193 -
941951960 966976980 941956967 94195696m
13(85)  82n83n85m- 780830856~ 81082783 n- 82n83n85m-
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86m87188c 886896906 86187588~ 86m87688m
14(89) 8687897 826876896- 856868 71- 86m{7m8&97-
90n917920 926936946 901916921 9019106921
15(89) 8687897 876886890- 856868 7m- 868 71897-
901917920 926936946 901916921 9019106921
Table 7: Local molecular orbitals of atoms 16, 19, 22 and 25
Mol. Atom 16 Atom 19 Atom 22 Atom 25
87688689¢G- 85688689c- 666756786-956
1(89)  86087n89m-900916920 0 10261036 94610061036 96697
9169269306- 89692693 6- 800826860-
2(93)  89m91n93m-940950960 | 1) 0661070 98610401050 99610061016
956966976- 93696697c- 726816900c-
3@7)  93m95nITm-98699m1000 10 11061126 102610961100 103610401060
8869569606- 886936960- 8008368406-
407)  94m95m97m-9809951000 ) 1o 1151126 109611261166 103610461050
5(101) 981991101 7- 9269961000- 92697061000- 850870880-
102610371040 113611561160 113611401170 107610851090
610y 05TI0771097- 107610851090~ 107610851090- 816936950-
110611171127 120612261236 114612061230 1156116061170
9169269306- 916926936- 7968268606-
7093)  BImYInI3m-94095mITm 1 10661070 98610461070 9769951000
956966976- 95696697c- 72682683c-
87 93m9SmITm-98699mI00T 10 1 1161126 102610961120 103610451060
9369469506- 926936956- 70678679c-
9(%)  93mI4nI50-96097098 e 11061110 100610851116 101610361040
Jots) 10271031057 103610461050~ 102610461050~ 876886980-
10661071108 116611761180 11061166119 111611261130
81087688c- 8106850880- 756780820~
11(89)  85n87n89m-90091m92m 110 10161026 100610261036 956966976
916926936- 8969269306- 7768168606-
12(93)  89n91n93n-94095m96m 1) 10561060 1056108511106 99610161020
4 -
13(85)  S1n83785m-86087n88T  770830840-960980996  770810840-960976996 020 10780
916926946
81687688c- 8168568806- 676766820-
14(89)  85n87n8Im-90091m2T 10 10261036 10061026103 956966976
876886890- 8506886890- 7367706820-
15(89)  85m87n8Im-90091m2m 10 10161026 94610161036 956966976
Discussion

Discussion of D, receptor affinity results

Table 2 shows that the importance of variables in Eq. 2 isS3,">> Sio"> S1s5(HOMO)*> F15(HOMO-2)*.A variable-
by-variable analysis of Eq. 2 shows that a high D; receptor affinity is associated with low numerical values for S;;"
(positive) and Sis"(HOMO)* (negative); and with high positive numerical values for Sio" andF5(HOMO-2)*. Atom
11 is a nitrogen atom in ring B (Fig. 6). A high D, receptor affinity is associated with small positive numerical
values for S3,". Knowing that all the terms composing this reactivity index have the form of (number of electrons in
MO 2z)/(energy of MO z), it is clear that the ones corresponding to the lowest empty molecular orbitals are the
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principal ones. Therefore, if we want to obtain a smaller value for this index we must shift upwards the energies of
these MOs. Of course another way of getting the same results is by eliminating the localization of these MOs on
atom 11 by appropriate chemical changes. The result is that atom 11 will behave as a bad electron acceptor and also
will not interact strongly with electron-rich centers. The results of the full geometry optimization show that in all the
molecules atom 11 is not conjugated with rings A and C. This fact is reflected in the fact that all the local OMs of
this atom have a sigma character (Table 6).Table 6 also shows that (HOMO)1;" coincides with the molecular HOMO
in all cases. A reasonable explanation of this last fact in combination with a low electron-accepting capacity
suggests that atom 11 could be involved in a classical hydrogen bond of the N-H...O kind. Another possibility is
that atom 11 could form a hydrogen bond using its lone pair. To test this possibility the hydrogen atom bonded to
N11 could be replaced by a methyl group. Atom 16 is a carbon atom in ring D (Fig. 6). C16 has a double bond with
another carbon atom, but the pi electrons are not conjugated with ring B because both rings are not coplanar. A high
D1 receptor affinity is associated with a small negative numerical value for S;s5(HOMO)*. This value is obtained by
shifting the (HOMO),s~ energy toward more negative values, making this MO less prone to give electrons or to
interact with electron-deficient centers. In the limit situation, we can substitute the common skeleton to avoid the
HOMO localization on this atom (i.e., the local HOMO™* will coincide with an inner occupied MO). Table 6 shows
that (LUMO),¢ coincides with the molecular LUMO in all cases and has a sigma nature. These facts suggest that
atom 16 is facing an electron-rich center. The nature of the interaction is unclear (c-n or c-¢?). Atom 19 is a
nitrogen atom in ring D (Fig. 6). Table 7 shows that all local MOs have a sigma nature, that (HOMO)4, coincides
with the molecular HOMO in all but two cases and that (LUMO)," is energetically far from the molecular LUMO.
Large positive numerical values for Sy are associated with high receptor affinity. As mentioned in the case of atom
11, there first terms are the main ones. In this case, large values are obtained by shifting the energy of (LUMO)ys
toward zero, making it more reactive. We suggest then that this atom is interacting with an electron-rich center. We
can test this suggestion by substituting this atom with an electron-withdrawing group. Atom 15 is a carbon atom in
ring C (Fig. 6). Table 6 shows that local frontier orbitals have a pi nature in all cases. All empty local molecular
orbitals coincide with the molecular LUMO and almost all occupied local MOs coincide with the molecular HOMO
(with one exception). A large value of F;s(HOMO-2)* value is associated with high D, receptor affinity. (HOMO-
2);5 has a pi nature in all cases (Table 6). Knowing that the maximal number of electrons in a molecular orbital is 2,
the best situation is when this MO is localized only on atom 15. Therefore it is suggested that atom 15 is interacting
with an electron-deficient counterpart. All the suggestions are displayed in the partial 2D pharmacophore of Fig. 14.

ELECTRON-RICH
CENTER

ELECTRON
RICH CENTER

POSSIBLE H- ELECTRON
BOND NH...O DEFICIENT

CENTER

Figure 14: Partial 2D pharmacophore for D, receptor affinity

Discussion of D, receptor affinity results
Table 4 shows that the importance of variables in Eq. 3 is Fu(LUMO+1)*> Fps(LUMO)*> Sy oN(LUMO+2)*>
F1,(HOMO)*.A variable-by-variable analysis of Eq. 3 shows that a high D, receptor affinity is associated with small
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numerical values for Fps(LUMO)*, Fp(LUMO+1)* and S;o“(LUMO+2)*; and with large numerical values for
F1,(HOMO)*.Atom 25 is the hydrogen atom bonded to N11 (Fig. 6). Table 7 shows that all local MOs have a sigma
nature. The local (HOMO),s and local (LUMO),s are energetically far from the corresponding molecular frontier
MOs. The requirement for a high affinity is a small numerical value for F,5(LUMO)*. These values are obtained by
shifting upwards the MO energy making it less reactive, i.e. making a bad electron acceptor. The suggests that atom
25 can participate in an electrostatic interaction with a negatively charged center or in a classical hydrogen bond, N-
H....X. The substitution of H25 by a methyl group can help to clarify more the role of this atom. Atom 22 is the
saturated carbon atom bonded to C20 (Fig. 6). Table 7 shows that all local MOs have a sigma nature. A high D,
receptor affinity is associated with small numerical values for F,,(LUMO+1)*. If we agree that the same behavior is
valid for F,,(LUMO)*, then this atom will behave like a bad electron acceptor. Table 7 shows that (LUMO),,  is
actually very distant from the molecular LUMO. On the other hand, (HOMO),, coincides with the molecular
HOMO in the majority of cases and with the molecular (HOMO-1) in the remaining ones. Therefore, atom 22 seems
to be involved in an alkyl, -7 or alkyl-m interactions. Atom 22 is a good target to replace the methyl group by ethyl,
n-propyl, or isopropyl substituents. Atom 10 is a sp® carbon atom belonging to rings B and C (Fig. 6). Table 6 shows
that (HOMO),," has a pi character and coincides with the molecular HOMO in all cases. (LUMO);, has also a pi
character and in all but one case it coincides with the molecular LUMO (the other case coincides with the molecular
(LUMO+1)). A high D, receptor affinity is associated with small numerical values for Si"(LUMO+2)*. Small
values, as was explained before, are obtained by shifting the MO energy to higher values, making this MO less
reactive. If this condition is applied also to (LUMO+1);,” and (LUMO),", then it is logical to suggest that atom 10
is interacting with an electron-deficient center. The interactions could be n-n or m-cation. Atom 12 is a sp? carbon
atom of ring C (Fig. 6). Table 6 shows that all local frontier MOs have a pi nature. (LUMO);," coincides with the
molecular LUMO in all cases. In only one case (HOMO);, coincides with the molecular HOMO. A high receptor
affinity is associated with large numerical values for F1o,(HOMO)*. This suggests that the ideal situation is when the
molecular HOMO is fully localized on atom 12. Therefore we suggest that this atom is interacting with an electron-
deficient center. The interactions can be n-cation or 7. It is interesting to note that atoms 10 and 12, belonging to
the same ring, interact in the same way with an unknown counterpart. If this is correct, then it is possible that they
interact with a unique aromatic moiety through a z-m interaction. All the suggestions are displayed in the partial 2D
pharmacophore of Fig. 15.

Alkyl, sigma-pi or
alkyl-pi interactions

Replace Me by Et or
C3H7. Study
R-enantiomers with
C4Hg or CsHy;.

Electron-deficient
center. Pi-pi or pi-
cation interactions.

L H/ 25
H-bond NH...O or
interaction with a
negatively charged
moiety.

Electron-deficient
center. Pi-pi or pi-
cation interactions.

Figure 15: Partial 2D pharmacophore for D, receptor affinity
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In summary, we have found statistically significant relationships relating the electronic structure of the (S)-
enantiomers of a group of 11-(1,6-dimethyl-1,2,3,6-tetrahydropyridin-4-yl)-5H-dibenzo[b,e][1,4]diazepines to their
dopamine D, and D, receptors affinities. In the case of the D, receptor four atoms were detected as being involved in
the drug-receptor interaction. Three of them can be directly substituted to modify affinity. In the case of the D,
receptor, four atoms were detected as participating in the interactions with the receptor. Three of them can be
substituted to modify activity. In both receptors, the nitrogen atom N11 seems to be involved in hydrogen-bond
interactions.
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