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ABSTRACT

The present paper presents and discusses the aeddip between molecular-electronic structure ancB#
receptor binding affinity of a family of 4-oxo-1gdkydroquinoline-3-carboxamide derivatives withoarmfial method
recently enlarged by the author. The electronicucires of all molecules were calculated within Bign
Functional Theory at the B3LYP/6-311g(d,p) levek Wbtained a statistically significant equationatéhg the
variation of hCB2 receptor binding affinities withe variation of a definite set of local atomic césity indices.
For the case analyzed here, the interaction ofrtfecules with the hCB2 receptor is mainly chargetmlled.
More studies of different series are needed to edpaur knowledge of the hCB2 interaction pharmacophThe
common skeleton hypothesis seems to work well artodze applied in this kind of studies.

INTRODUCTION

Before the 1980s, it was frequently speculated ¢hahabinoids produced their physiological and bieinal effects
by means of nonspecific interactions with cell meanes, instead of interacting with specific membraound
receptors. The discovery of the first cannabinadeptors in the 1980s helped to decide this displitese
receptors are common in animals, and have beerdfoumammals, reptiles, birds and fishes. Theecarleast
two kinds of cannabinoid receptors called CB1 aB® €1,2]. Ligands activating these G protein-codpleceptors
comprise the phytocannabinoif®-tetrahydrocannabinol, a variety of synthetic compis, and endogenous
compounds (endocannabinoids). The CB2 receptoxpsessed mainly in the cells and tissues of the umn
system including thymus, tonsils, B and T cellscrophages, monocytes and NK cells and, to a faefesmount,
in brain. In both central nervous system and periphtissues, the CB2 receptor is up-regulated theabeginning
of inflammatory events [3,4]. Several kinds of lgis bind to the CB2 receptor [5]. They have beassified as
classical cannabinoids, non-classical cannabincgsnabimimetic indoles, pyrazoles and 2-oxoquiresli

The exact knowledge of the mode of binding of thdéferent ligands to cannabinoid receptors is afgmount
importance for designing new ligands with enhancedeptor affinity. The apparently very distinct ofieal
structure of the ligands binding to these receptoekes it necessary to carry out extensive studfeseveral
different families of molecules in order to det#otir common features. In general terms, this olagiem is still
valid today, not only for cannabinoids but for @blecules presenting any kind of biological activithese studies
must be carried out with model-based methods [& &b deal with the fact that the molecular projsrthat are
directly responsible for the molecular interactideading to the pharmacological effect are encadeithe entire
molecular structure [7]. Usually experimentalistsbiish papers containing one or more Tables witheernental
results (receptor affinities, anti-proliferativetiaity, toxicity, etc.) of a group of molecules. the main body of the
paper they transform these Tables into a list gliirements for enhanced or diminished activity. Sehédists of
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requirements are included within the broadest nmgaof “structure-activity relationships” (SAR) bugchnically,
they are no more than a verbal translation of dwilts reported in these Tables. At most, these die vaguely
supported by general statements taken from orgdm@mistry or related areas.

To date, only three quantum-chemical studies catirej the full description of the entire molecuksshibiting a
biological activity have been published in the carinoid field. By description we mean the accoimiguantum-
chemical terms, of the reactivity of all atoms fammthe molecule and the geometric effects of thesstuents. It is
important to stress that a necessary conditiohasthis description must appear in a formal mamvithin a model
linking biological activity and electronic structur[6]. The first paper analyzed the CB1- and CB2liated
inhibition of adenylyl cyclase by a group of clasdicannabinoid derivatives [8]. In the second wmepresented
structure-receptor affinity relationships for the vitro interaction of a group of classical, indole-dedvand
aminoalkylindole-derived cannabinoids [9]. On ttasis of these results a new molecule was proptsedshould
help to distinguish between both receptor sitebe flesults of these two studies are very encougagiking into
account that the numerical values for the locatitadescriptors were obtained with a semiempinmoathod. In the
most recent study a search was carried out torBfationships between hCB1 and hCB2 receptor bgndififinity
and molecular structure for a group of 1-aryl-5Hgyrrol-1-yl)-1H-pyrazole-3-carboxamides [10]. The present
paper shows and discusses the relationships betmedecular-electronic structure and hCB2 recepiodibg
affinity of a family of 4-oxo-1,4-dihydroquinolind-carboxamide derivatives [11]. As the methods eygd here
are the same used in the previous paper [10], @ndecy goal is to analyze the feasibility of a camgon between
the results of both. For a short review of eariexoretical studies see Ref. [10]. For historicglexts of cannabis
see Refs. [12-18]. For the use of cannabis and icladsrobtained from it for antidiabetic activitycameight loss in
obese patients see Refs. [19, 20].

MATERIALS AND METHODS

METHODS, MODELS AND CALCULATIONS
The method

Given that the model-based method relating drugpte equilibrium constants with molecular struethias been
described in great detail elsewhere, we preserg baly the final results [9,21-30]. The drug-recepaffinity

constantlogKi , is a linear function of several local atomic taaty indices (LARIs) and has the following genkra
form:

logk; =a+bM, + cIog[o*Di /(ABQ1’2]+Z[ eQ+ fS+ J.sj""S]+

DM M+ x(m SCo++> 3] € ik G ¢ e e

w2 L0k +kn +qa + 76 + W] ’
j 1

where M is the drug’s mass,its symmetry number and ABC the product of thegtrtmoments of inertia about the

E N

three principal axes of rotation.; @ the net charge of atom |S and S are, respectively, the total atomic
electrophilic and nucleophilic superdelocalizalght of Fukuiet al, K, (F) is the Fukui index of the occupied
(empty) MO m (m’) located on atom i;8n) is the atomic electrophilic superdelocalizapibf MO m on atom i,
etc. The total atomic electrophilic superdelocddility of atom i corresponds to the sum over ocedpMOs of the
S5(m)'s and the total atomic nucleophilic superdelizehility of atom i is the sum over empty MOs dfet
SN(m)’s. The last bracket of the right side of Eqcdntains new local atomic reactivity indices obeairdirectly
from Molecular Orbital Theory by an approximate ngamization of part of the remaining terms of theies
expansion used in the model [31,32].

The moment of inertia term can be expressed as:
log (ABC)™*]=3"> m B=> 0
tot t 2)

where the summation over t is over the various t#ulests of the molecule, iis the mass of the i-th atom
belonging to the t-th substituent,;Reing its distance to the atom to which the stdmstit is bonded. A molecular

property was thus transformed into a sum of sulestit properties. We proposed that the appearaneeydD, in a
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QSAR equation is related to its influence on thection of molecules attaining the correct orientatio interact
with the receptor. We called tH8, 's Orientational Parameters [24,25]. In summary,rfanolecules we have a set

of n simultaneous equations 1. This system of ganeous equations holds for the atoms of the mtdetivectly
perturbed by their interaction with the receptoontbined with the standard multiple-regression tegplnes, these
equations can be usefully applied to estimate etaive variation of log Kin terms of the variation of the values of
a definite set of LARIS. Here statistical analyisisused only to find the best structure-activitiatienships. This
method has been successfully applied to many diftdkinds of receptors and ligands [9,10,21,242260,33-43].

Selection of the experimental data

The experimental data employed in this study aregh® receptor binding affinities measured in CHQOlsce
transfected with the cDNA sequences encoding theamuCB2 cannabinoid receptor (hCB2). Molecules were
selected from a set reported in Ref. [11]. The wukes are shown in Fig. 1 and Table 1. Figure 2nvshthe
numbering of atoms used in the linear multiple esgion analysis (LMRA).

Figure 1. 4-oxo-1,4-dihydroquinoline-3-carboxamidelerivatives.

Table 1. 4-oxo-1,4-dihydroquinoline-3-carboxamide érivatives and their hCB2 receptor binding affinity*.

Mol. Ri| R | Rs R4 Rs Rs |Og Ki (nM)

1 |H | H| H| 4-fluorobenzyl H | 1-(3,5-dimethyl)adamanthny 1.92

2 | H | H| H| 2-phenylethyl H | 1-(3,5-dimethyl)adamantanyl 2.52

3 |H | H| H| 3-phenylpropyl H | 1-(3,5-dimethyl)adamantany 2.20

4 |H | H| H| 2-(morpholin-4-yl)ethyl H | 1-(3,5-dimethyJamantanyl 2.34
5 |[H|H|H n-GHy;, H | (+)-1-(1,2,3,4-tetrahydronaphthyl 1.62
6 |H|H|H n-GHy; H | (-)-1-(1,2,3,4-tetrahydronaphthyl) 3.00
7 | H | H| H]| 2-(morpholin-4-yl)ethyl H | 1l-adamantanyl 2.1
8 |[H|H|H n-GHi; H | 1-(adamantanyl)methyl 1.70
9 |H|H|H n-GHy; H | (-)-1-(adamantanyl)ethyl 1.15
10 |H| H| H n-GHi; H | (+)-1-(adamantanyl)ethyl 2.31
11 |H| H| H n-GH1; Me | 1-(3,5-dimethyl)adamantanyl 2.30
12 |H| H| H n-GHi; CsHs | 1-(3,5-dimethyl)adamantanyl 2.08
13 |H| H| H n-GH1; Me | (-)-1-(phenylethyl) 1.43
14 |H| H| H n-GH1x Me | 1-adamantanyl 2.53
15 |H| H| H n-GH1; H | 1-(3,5-dimethyl)adamantanyl 1.26
16 |ClI| H| H n-GH1; H | 1-(3,5-dimethyl)adamantanyl 1.74
17 |H | CI| H n-CsHiq H | 1-(3,5-dimethyl)adamantanyl 2.02
18 |H| H| CI n-GH11 H | 1-(3,5-dimethyl)adamantanyl 1.44
19 |CI| H| H n-GHy1x H | (+)-1-(1,2,3,4-tetrahydronaphthyl 2.08
20 |CI| H| H n-GHi; H | (-)-1-(adamantanyl)ethyl 2.37
21 |CI| H| H n-GH1; H | (+)-1-(adamantanyl)ethyl 2.16
22 |H|CI| H n-GHi; H | (-)-1-(adamantanyl)ethyl 1.42
23 |H|CI| H n-GH1; H | (+)-1-(adamantanyl)ethyl 2.42
24 |H| H| H n-GHy1x H | 1-(3,5-dimethyl)adamantanyl 241
25 |- | H| H n-GH1; H | 1-(3,5-dimethyl)adamantanyl 1.49
26 |H | H| - n-GH1; H | 1-(3,5-dimethyl)adamantanyl 1.37
27 |H| H| H n-GHi; H | 1-(3,5-dimethyl)adamantanyl 1.97

* In mol. 24 atom marked a is nitrogen, in mol.&6m marked b is nitrogen and in molecule 26 atarked c is nitrogen. In molecule 15 atom
marked d is sulphur.

97
Scholar Research Library



Juan S. Gomez-Jeria Der Pharmacia Lettre, 2014, 6 (1):95-104

Figure 2. Numbering of atoms used in the LMRA

Calculations

The electronic structures of all molecules werecdaked within Density Functional Theory at the B3./6-
311g(d,p) level. The Gaussian suite of programsuwsasl [44]. After full geometry optimization allehnformation
necessary to obtain numerical values for all tieetebnic local atomic reactivity indices of Eq. Aswextracted from
the Gaussian results with software written in oumitUNegative electron populations arising from kkan
Population Analysis were corrected as usual [45)lddular orbitals (MO) and Molecular Electrosta@iotentials
(MEP) were depicted using GaussView. Orientatignaabmeters were calculated as usual. We made uddRA
techniques to find the best solution. For each ,casmatrix was built containing the dependent \deathe
biological activity) and the local atomic reactiindices of all atoms of the common skeleton akefpendent
variables [29]. The Statistica software was usedhie LMRA [46].

RESULTS

A LMRA including the whole set (n=27, Table 1) didt produce any statistically significant equatitvie then
built a new set comprising only those moleculesifn@\R;=n-pentyl (n=22). Consecutive LMRAs showed that
molecules 23 and 24 appear as outliers and theg therefore removed from the final set (n=20). Blst equation
obtained was:

logK, =11.78- 0.005) + 23.9§,+ 8.58 LUMO ¥
+2.37Q, - 0.0008) .,

®3)

with n=20, R=0.95, adj R0.94, F(5,14)=57.915 (p< 0.000001), outliers>@ and SD=0.14Q, and Q,, are,
respectively, the net charges of atoms 8 and JelK&g 2 for atom numberingﬁzN is the total atomic nucleophilic

superdelocalizability of atom 2D, is the orientational parameter of thg Ribstituent and=,(LUMO)* is the

Fukui index {.e., the electron population) of the highest molecuwiddital located on atom 3. The beta coefficients
and t-test for significance of coefficients of Bgare shown in Table 2. Concerning independentkbas, Table 3
shows that there are no significant internal catiehs. Figure 3 shows the plot of observedcalculated values.
The associated statistical parameters of Eq. 5 shatithis equation is statistically significantdahat the variation
of a group of local atomic reactivity indices bedomy to the common skeleton explains about 94%efvariation

of the CB2 receptor affinity.

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

Variable Beta B t(14) p-level
S -0.53 | -0.005| -8.7§ <0.00000f
Q. 0.64 | 2396 | 9.94 <0.00000
F,(LUMO)* | 066 | 854 | 953 <0.000001
Q 032 | 237 | 496 <0.0002
Oge -0.20 | -0.0003| -3.39  <0.0044

98
Scholar Research Library



Juan S. Gomez-Jeria

Der Pharmacia Lettre, 2014, 6 (1):95-104

Table 3. Squared correlation coefficients for the ariables appearing in Eq. 3
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Figure 3. Plot of predictedvs. observed log(K) values from Eq. 3. Dashed lines denote the 95%madence interval

Molecular Electrostatic Potential

Figure 4 shows the MEP of molecule 19.

DISCUSSION

We can appreciate that the MEP presents a widemegji positive values around the n-pentyl substitu€he rest
of the molecule is surrounded by a region of negatfMEP. This MEP structure is representative ofthé
molecules studied here and could serve as a lasiefparison with more complex systems displawifiiity for

the CB2 receptor. For example, Fig. 5 shows the MER 1-aryl-5-(H-pyrrol-1-yl)-1H-pyrazole-3-carboxamide

derivative studied earlier [10].
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Figure 4. Molecular electrostatic potential of moleule 19
The orange isovalue surface corresponds to negMizP values (-0.0004) and the yellow isovalue sigfe positive MEP values (0.0004)

Figure 5. Molecular electrostatic potential of a laryl-5-(1H-pyrrol-1-yl)-1 H-pyrazole-3-carboxamide derivative
The orange isovalue surface corresponds to negMizP values (-0.0004) and the yellow isovalue sigfe positive MEP values (0.0004).

The comparison of Figs. 4 and 5 shows that, de#ipitalifference in their molecular structures, befhtems have
clearly similar positive and negative MEP regiohkerefore, this similar MEP structure might corasp to that
participating in the earlier stages of the drugepor recognition process [23,47].
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Molecular Orbital localization

Figure 6. Localization of the highest occupied motilar orbital (HOMO) of molecule 19 (isovalue = 0.Q)

We can see in Fig. 6 that the HOMO is mainlytafature and is localized mainly on the phenyl riagd carbonyl
oxygen atoms. Note that the HOMO is not localizedsome atoms of the common skeleton rings (for @k@mn
atom 2).

Figure 7. Localization of the lowest empty moleculzorbital (LUMO) of molecule 19 (isovalue = 0.02)

The LUMO is localized only on atoms belonging te tommon skeleton rings.

Relationships between electronic structure and reggor binding affinity
The results reported here indicate that the vanatif the hCB2 receptor binding affinity is relat@dthe variation
of a set of local atomic reactivity indices belamgito specific atoms of the common skeleton. Tiselts obtained
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are very good considering the approximations uselutld the model. It is important to point out thas we are
working with the variation of the reactivity indigethe contributions that are constant throughoeitseries will not
appear in the final equation.

The beta values (Table 2) indicate that the impeeaof variables i€, = F,(LUMO)* > SI' > Q, >0,.

Table 3 shows that there is no significant coriefabetween any pair of variables. Figure 3 shdvas only a few
points lay just outside the 95% confidence limhisTis a good hint that the common skeleton hymisheorks well
for this case. The standard error of estimatelid,(a value that is lower than those normally otgdiin theoretical
studies of 1:1n vitro drug-receptor interaction.

Figure 8. Localization of the highest occupied motilar orbital (HOMO) of molecule 22 (isovalue = 0.Q)

A variable-by-variable analysis of Eq. 3 suggestat thigh hCB2 receptor binding affinity is assoethtwith
negative net charges on atoms 8 and 14, a higte ¥afuthe orientational parameter of thgdRbstituent (Fig. 1), a
high value of the local atomic nucleophilic supdodalizability of atom 2 and a low electron popidatof the local
HOMO* of atom 3. Net charges on atoms 8 and 14 ssigthat an electrostatic interaction occurs wigiositively
charged area in the hCB2 receptor (such as a goamid group for example). Note that in one previgaper a
similar area appears involved in electron trangfere Fig. 15 of Ref. [10]). A high value requirear fthe
orientational parameter ofsRuggests that this moiety could serve for slovimgrotational velocity of the whole
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molecule to provide enough time for the recognitiwacess [23]. A similar term also appeared ineantier work
[10]. A high value forSZN indicates that atom 2, alone or as a part of tbmatic system, participates as an electron

acceptor center with a counterpart on the recepltote that if the HOMO is not localized on atorrh2 process for
electron acceptance is facilitated. Figure 6 shihasthis is the case for molecule 19. Figure 8\xshiihe HOMO of
molecule 22. This MO is also not localized on athm

Within this analysis, a low electron populationtbé local HOMO* of atom 3 could be an indirect ication that
the receptor’s electron-donor center interactinthwitom 2 is a bulky one (a group of neighborintboaylate or
carbonyl groups for example) needing a minimal ispe interaction with the electrons of atom 3.uf®y9 shows
the two dimensional (2D) interaction pharmacophore.

( )

POSITIVELY
CHARGED
AREA IN THE

RECEPTOR SUBSTITUENT

U U, OF BIG

O O

NEGATIVE
ELECTRON NET CHARGE
DONOR ON ATOMS
CENTER 8 AND 14
LOW ELECTRON
DENSITY OF THE
MOLECULAR HOMO
ON ATOM 3
_ D,

Figure 9. 2D interaction pharmacophore for 4-oxo-#-dihydroquinoline-3-carboxamide derivatives
CONCLUSION

The main conclusions of this work are as followsWe obtained a statistically significant equatiefating the
variation of hCB2 receptor binding affinities withe variation of a definite set of local atomicatdaty indices. 2.
For this case, the interaction of the molecules wie hCB2 receptor is mainly charge-controlledvi8re studies of
different series are needed to expand our knowlemfgthe CB2 interaction pharmacophore. 4. The commo
skeleton hypothesis seems to work well enough tappdied in this kind of studies.
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