Journal of Computational Methods in Molecular Desig, 2014, 4 (1):33-47

Scholars Research Scholars Research Library

(http://scholarsresearchlibrary.com/archive.html)

" Library

ISSN : 2231- 3176
CODEN (USA): JCMMDA

Quantum-chemical study of the relationships betweeglectronic structure
and anti- influenza activity. 1. The inhibition of cytopathic effects produced by
the influenza A/Guangdong Luohu/219/2006 (H1N1) skin in MDCK cells by

substituted acylamidobenzamides

Diego Mufioz-Gacitta and Juan S. GoOmez-Jeria*

Quantum Pharmacology Unit, Department of Chemigtagulty of Sciences, University of
Chile. Las Palmeras 3425, Santiago 7800003, Chile

ABSTRACT

A quantum-chemical study of the relationships betwalectronic structure and the inhibition of cytagic effects
produced by the influenza A/Guangdong Luohu/21%2@1N1) strain in MDCK cells by substituted
acylamidobenzamides was carried out. The electratiagcture of all the molecules was calculated imitthe
Density Functional Theory at the B3LYP/6-31g(dgyel with full geometry optimization. The cytotoaativity of
these molecules on this cell line was also analyfebpite the almost total lack of information redjag the
mechanisms of antiviral action and cytotoxicity, wbtained statistically significant relationshipsetiveen
electronic structure and antiviral and cytotoxictiatties. The variation of the antiviral activityg imainly orbital-
controlled. The variation of cytotoxicity is chargend orbital-controlled. The common skeleton ufechis study
seems to be correct. A short analysis of the MOiMe&raction is done. We suggest that the local aatensity of
states, occupied and vacant, can be used as aroaippate measure of the MO-MO penetration for thalysis of
nt-it stacking interactions.

Keywords: Influenza A, quantum pharmacology, quantitativeuctre-activity relationships, antiviral activity,
H1N1 virus, substituted acylamidobenzamides, A/@dang Luohu/219/2006 (H1N1) strain.

INTRODUCTION

The influenza viruses are members of @rghomyxoviridagamily and are classified into three types, A, iél&C,
based on the antigenic differences in the nucldeprand matrix protein. Influenza A viruses canaaglitionally
classified according to the serological reactigitief their antigenic surface proteins, hemagglntifHA) and
neuraminidase (NA). There are 18 HA subtypes (H8)Hind 11 NA (N1-N11) subtypes of influenza A vithat
infect both avian and mammalian species [1-13Juénfza A viruses are present in the avian reseftdil6]. In
the twentieth century, three influenza viruses appe in humans and caused major pandemics: the38d&@ish flu
virus (HIN1, which infected 500 million of humansidacaused the death of about 50-100 million people
worldwide), the 1957 Asian flu virus (H2N2, whiclawsed 1 million deaths) [17], and the 1968 Hong &én
virus (H3N2, with one million deaths in the 1969709period). In April 2009, a new influenza A (H1Nwyus
emerged among humans in California and Mexico, kiyispreading worldwide through human-to-human
transmission, and generating the first influenzadeanic of the 21st century (18,000 deaths) [18F Vinus was
found to be genetically related to viruses knownitoulate in pigs. Interspecies transmission @tianza A viruses
between humans and pigs is not infrequent andlected in the similarities of the subtypes HINH &8N2 which
have circulated in both species [19], and in thleaithat pigs may act as an intermediate host imppearance of
novel human subtypes [6, 20, 21]. A new H7N9 infizee A virus first detected in March 2013 has causeck than
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130 human infections in China, resulting in 40 HedR2, 23]. It has been hypothesized that this mius is a
reassortant virus containing gene segments defrfin@d four separate avian influenza viruses, incigdiwo
different wild-bird viruses contributing the H7 hegglutinin and N9 neuraminidase gene segments, tand
different domestic poultry—derived HON2 viruses tritnuting the other six internal genes [24, 25]ughthe search
for novel synthetic and natural inhibitors that @crcumvent these mutations remains essential26341]. It is of
importance then to produce the most reliable infdiom possible coming from other fields of reseawdout the
physical mechanism(s) underlying viral inhibitiomdaany other important biological activities. Tael#here are no
formal quantitative structure-activity relationsi SAR) studies of families of antiviral molecul@er different
approaches see [42, 43]. Here we present the sesiul quantum-chemical analysis of the inhibitacyivity of
substituted acylamidobenzamides against the cyapatffects produced by the influenza A/Guangdong
Luohu/219/2006 (H1N1) strain in MDCK cells. The aiyixic activity of these molecules on this cellelirs also
analyzed.

MATERIALS AND METHODS

The method.

Given that the model-based method [44] relatingyerceptor equilibrium constants with moleculaustore has
been described in great detail elsewhere [45-54]pvesent here only the final results in a standiamnchulation
used before. The drug-receptor affinity constiagf(K;) (orlog(ICSO) ), is a linear function of several local atomic

reactivity indices (LARIs) and has the followingrgeal form:

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

i
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where M is the drug molecule’s massits symmetry number and ABC the product of theeuole’s moment of
inertia about the three principal axes of rotatiQnis the net charge of atornSf,fE andSN are, respectively, the total
atomic electrophilic and nucleophilic superdelazadilities of Fukui et al.Fn (Fjw) is the Fukui index of the
occupied (empty) MO m (m’) located on atonSF.(m) is the atomic electrophilic superdelocalizabitifyMO m on
atom j, etc. [55]. The total atomic electrophiligpgerdelocalizability of atom j is the sum over qued MOs of the
SE(m)’s and the total atomic nucleophilic superdelodility of atom j is the sum over empty MOs of ﬂi\'%(m)’s.
The last bracket of the right side of Eq. 1 corgairw local atomic reactivity indices obtained clilefrom LCAO-
MO Theory by an approximate reorganization of pdrthe remaining terms of the series expansion usetie

model [50]. % is the local atomic electronic chemical potentightom j (the HOM@-LUMO j* midpoint), 1, is

the local atomic hardness of atom j (the HORMOJUMO j* gap), w, is the local atomic electrophilicity of atom j
(includes the predisposition of the electrophiliora j to receive extra electronic charge togethigh Vis resistance
to exchange charge with the mediuzn),is the local atomic softness of atom j (the ineanéﬂj ) and Q;“ax is the

maximal amount of electronic charge that atom j eanept from another site. HOMOrefers to the highest
occupied molecular orbital localized on atom j &tdMO;* to the lowest empty MO localized on atom j. Ttag
called the local atomic frontier MOs. The molecsl®Os do not carry an asterisk.

The moment of inertia term can be expressed as:

log| (ABC)™? | =ZZ m, K =Z Q

)

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 substituem;; being its distance to the atom to which the stip=tit is bonded. We proposed
that the appearance of a@yin a QSAR equation is related to its influencetomn fraction of molecules attaining the
correct orientation to interact with the receptive called theO/s Orientational Parameters [56, 57]. The
application of this method to the drug-receptoeiattion has been very successful [47, 53, 5458&6], and we
have even been able to predict iheivo activity of a hallucinogen [67-69] and to prop@seannabinoid derivative
with enhanced receptor affinity [65].
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Making use of additional hypothesis, we have prepahatlog(K;) can be replaced bpg(BA), whereBA is any
biological activity measureih vivo or in vitro [70]. This extension was successfully appliedht® tiptake of some
polychlorinated pollutant compounds by zucchinispézies [71], the inhibition of virus-induced cyatinic effects
by HIV and A-H1N1 virus [48], HIV-1 replication irbition [70], antiproliferative activity against nmal human
fibroblasts and four human cancer cell lines [7@hibitory strength toward hepatitis C virus (HCWS5B
polymerase and inhibition of HCV replicons [51, 72]

Selection of the experimental data.

The selected molecules are a group of substitutglmidobenzamides with antiviral activity agaitis® influenza
A/Guangdong Luohu/219/2006 (H1N1) strain [35]. Tamtiviral activity was evaluated as the inhibitiaf

cytopathic effects (CPE) using MDCK (Madin-Darbyntee kidney) cells with results reported as;lCThe

cytotoxicity of these compounds was evaluated in@#Dcells by the CPE method, with results reportedte

median toxic concentrations, ¥ The selected molecules are shown in Figure 1Talde 1. It is important to
notice that the antiviral action mechanism is utaer Ref. 34 states that viral hemagglutinin, a@inidase and
M2 protein can be ruled out as targets.

( )

Figure 1. Substituted acylamidobenzamides.

Table 1. Acylamidobenzamides and their antiviral ad cytotoxic activities.

Mol. log(ICso)
z Rz Y Ry R4 R5 R6 Rm Rp log(E§ | HIN1

1 NH | GHs CO | NH OCH | H H H CH 2.21 1.37
2 NH | GHs CO | NH OCH | H H H Br 1.96 -

3 NH | GHs CO | NH OCH | H H Cl H 2.78

4 NH | GHs CO | NH OCH | H H SCH | H 2.37 -

5 NH | CH(CH)CH, | CO | NH OCH | H H H H 2.30 124
6 NH | CH CO | NH OCH | H H H H - 2.05
7 NH | GHs CO | NH OCH | H H H H 2.28 1.10
8 NH | GHs CO | O OCH | H H H H 2.67 2.35
9 NH | GHs CO | NH Cl H H H H 2.72 2.18
10 0o CGHs CO | NH OCH | H H H H 271 2.24
11 NH | CH(F)ICH | CO | NH OCH | H H H H - 2.32
12 NH | CH(F)ICH | CO | NH H OCH | H H H 2.69 2.32
13 NH | CH(F)ICH | CO | NH H H OCH | H H 2.43 -
14 NH | CH(F)ICH | CO | NH H H H H H 2.76 2.16
15 NH | GHs CO | NH OCH | H H H NG, 249 142
16 NH | GHs CO | NH OCH | H H H H - 2.35
17 NH | GHs CO | N(CH) | OCH, | H H H H 2.65 2.00
18 NH | CH(CH). CO | N(CH) | OCH | H H H H 2.69 2.07
19 NH | GHs SO | NH OCH | H H H H - 1.68
20 NH | C2H5 CO| NH OCH3 H H H H - 1.6
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Calculations.

The electronic structures of all the molecules weatculated within Density Functional Theory (DFa) the
B3LYP/6-31g(d,p) level with full geometry optimizah. The Gaussian suite was used [73]. All the rimfation
needed to calculate numerical values for the latahic reactivity indices was obtained from the &#an results
with software written in our Unit. All electron pojations smaller than or equal to 0.01 e were damed as zero.
Negative electron populations coming from Mullikeopulation Analysis were corrected as usual [743ledular
orbitals and molecular electrostatic potentials @Evere depicted using GaussView. Orientationahipaters
were calculated as usual [57]. Since the resolutiotihe system of linear equations is not posdigeause we did
not have enough molecules, we made use of LinedlipluRegression Analysis (LMRA) techniques todfithe
best solution. For each case, a matrix was buiitaining the dependent variable (the biologicalvitgt of each
case) and the local atomic reactivity indices bams of the common skeleton as independentblaggsee Refs.
[49, 54] for more details about the building ofalatatrices). The Statistica software was used FORA [75]. We
worked within thecommon skeleton hypothesisting that there is a definite collection ofratp common to all
molecules analyzed, that accounts for almost @llltiological activity. The action of the substitteegonsists in
modifying the electronic structure of the commormlston and affecting the alignment of the drug tigio the
orientational parameters. It is hypothesized tlhii¢rnt parts or this entire common skeleton aatdar all the
interactions leading to the expression of a givietogical activity. The common skeleton for acyla@obenzamides
is shown in Fig. 2.

( N
‘O 12
) 11
10 N
4
9 14
5 7 N—__
15
6
80 18 16
_ J

Figure 2. Numbering of atoms for the common skeletoof acylamidobenzamides used in this LMRA.
RESULTS

Results for the antiviral activity against the influenza A/Guangdong Luohu/219/2006 (H1N1) strain.
The statistically most significant equation obtairis

log(IC,,) =4.11- 0.56,- 3.58 HOMO- 2)* 2.8F (UMG 2)* -
0.62F,, LUMO+ 2)*+0.87, (HOMO- 1)*

with n=16, R=0.97, R=0.95, adj R=0.92, F(5,10)=37.59 (p<0.000001), outliers=R and SD=0.12., is the

local atomic softness of atom 17 (see Fig. 35.( HOMO-2)* and S;( HOMO-1)* are, respectively, the
local atomic superdelocalizability of the third &chighest occupied MO of atom 7 and the local @&om
superdelocalizability of the second local highestcupied MO of atom 11.F,(LUMO+2)* and

Fs(LUMO+2)* are, respectively, the Fukui indices (electronipations) of the third local lowest empty MOs

of atoms 4 and 16. The beta coefficients &tabt for the significance of coefficients of Egai® shown in Table 2.
Concerning independent variables, Table 3 showisthieae are no significant internal correlationkeTassociated
statistical parameters of Eq. 3 show that this gomas statistically significant and that the \aion of a group of
local atomic reactivity indices belonging to therraon skeleton explains about 92% of the variatibiine antiviral
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activity against the influenza A/Guangdong Luoh@220D06 (H1N1) strain. Figure 3 shows the plot ofafed
valuesvs. calculated ones.

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

Variable Beta B t(10) p-level
% -0.89 | -0.56| -11.39 <0.0000001
7

375( HOMO-2)* -0.65| -356| -7.16| <0.00003
F,(LUMO +2)* 045 | 2.80 | 526 | <0.0004
FlG(LUMO + 2)* 0.27 | 0.62 | 3.59 <0.005
SlE( HOMO-1)* 024 | 0.87 | 285 | <0.02

1

Table 3. Squared correlation coefficients for thevariables appearing in Eq. 3.

S, | SS(HOMO-2)* | F,(LUMO+2)* | F,(LUMO+2)*
F4(|_U MO + 2) * 0.001 0.24 1.00
F16(LU MO + 2) * 0.07 0.07 0.04 1.00
%E( HOMO- 1)* 0.05 0.21 0.14 0.04
1
2.4 p
& & °
2.2 >
2.0 o /." ’
S
3 18
16 e
8 f” . |
1.4 ””1 . ”.I
1.2 b L
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Predicted log(ICsp)
Figure 3. Plot of predictedvs. observed log(IGo) values from Eg. 3. Dashed lines denote the 95%rdidence interval.

Results for the cytotoxicity in MDCK cells.
The statistically most significant equation obtairis

log(TC,,) = 4.81- 0.08' + 0.74, (UMO )% 3.2Q,~ 0.5& KHOMO- 1(4)

with n=15, R=0.98, R=0.96, adj R=0.94, F(4,10)=54.17 (p<0.000001), outliers=2 and SD=0.06Q),, is the net
charge of atom 10 (see Fig. 2) arfag'\' is the total atomic nucleophilic superdelocalifigbiof atom 9.

F,(HOMO-1)* is the Fukui index of the first highest local opiad MO of atom 2 and~,(LUMO)* is the

Fukui index of the lowest local empty MO of atom. The beta coefficients angtest for the significance of
coefficients of Eq. 4 are shown in Table 4. Conteyrindependent variables, Table 5 shows that theeeno
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significant internal correlations. The associatedistical parameters of Eq. 4 show that this @quas statistically
significant and that the variation of a group ofdbatomic reactivity indices belonging to the coomskeleton
explains about 94% of the variation of the cytotityi Figure 4 shows the plot of observed valusscalculated
ones.

Table 4. Beta coefficients and t-test for the sigficance of coefficients in Eq. 4.

Variable Beta B t(10) p-level
SgN -0.64 | -0.019201 -9.60 <0.0000Q2

* 0.69 | 0.741220| 9.74| <0.000002
F,(LUMO)

Q 0.40 | 3.273954| 5.46] <0.0003
10

F (HOMo_l)* -0.20 | -0.541653 -2.84 <0.018
2

Table 5. Squared correlation coefficients for the ariables appearing in Eq. 4.

S | R/(LUMO)* | Q,
Fl7(LUMO)* 0.003| 1.00

Q 0.003| 0.12 1.00
10
FZ(HOMO_]_)* 0.01 0.0009 0.09
29 —
r, 1
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Figure 4. Plot of predictedvs. observed log(TGg) values from Eq. 4. Dashed lines denote the 95%mfadence interval.
DISCUSSION

Molecular electrostatic potential of the substitutel acylamidobenzamides.

Figures 5-8 show, respectively, the MEP of molesile 3, 7 and 8. Molecule 2 has the highest cytoityxand
molecule 3 the lowest. Molecules 7 and 8 have,aetsgely, the lowest and highest anti-influenzaiétgt (see
Table 1).
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Figure 5. MEP of molecule 2. The orange isovalue gace corresponds to negative MEP values (-0.0004hd the yellow isovalue surface
to positive MEP values (0.0004).

Figure 6. MEP of molecule 3. The orange isovalue gace corresponds to negative MEP values (-0.000dyd the yellow isovalue surface
to positive MEP values (0.0004).

The comparison of Figs. 9 and 10 shows that a comemnea of negative MEP exists in the region of Bn(gee Fig.
3). In the upper left side of both figures we can that the three-dimensional structure of thaatieg MEP area is
controlled by the relative position of the NH-C=@adment of ring A. Considering that on one hand axe
presenting the results for the lowest energy conésrand that on the other the NH-C=0O fragment hemigh
conformational flexibility, we may conjecture théuring all the process leading to the manifestatibaytotoxicity
all molecules presenting this biological activityaynadapt their MEP for any long-range recognitioocpss [46].
We do not know if this process is a multi-step oneot. As the molecule’s properties (i.e., theadetl electronic
structure) that are responsible for the molecuitaractions leading to the pharmacological effeetemcoded in the
whole molecular structure, even a molecule notldigpg any biological activity could have a similMEP
structure.
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Figure 7. MEP of molecule 7. The orange isovalue gace corresponds to negative MEP values (-0.0004hd the yellow isovalue surface
to positive MEP values (0.0004).

Figure 8. MEP of molecule 8. The orange isovalue gace corresponds to negative MEP values (-0.0004hd the yellow isovalue surface
to positive MEP values (0.0004).

In molecule 8 the fragment C(O)-NH-Ring-B (see Fi§.was changed to C(O)-O-Ring-B (Fig. 8). We can
appreciate that the three-dimensional (3D) strectirthe region around ring B has not changed Sogmitly. In the
region of the upper left hand side of Figs. 7 aldeB3D structure of the MEP depends on the oriiemt@f the NH-
C=0 fragment as in the previous case. As a gereratlusion we may note that, due to the high con&tional
flexibility of these systems, we are not in a positto decide what the exact 3D MEP structure eséhmolecules is
during their microscopic action. For small molecules,tsas hallucinogenic amphetamines (acting as cations
kynurenic acid derivatives (acting as zwitteriothg$ can be done with confidence [61, 76].
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Frontier molecular orbitals of the substituted amidobenzamides.

Figures 9 and 10 show, respectively, the HOMO adtD of molecule 2.

Figure 10. Localization of the lowest empty molecat orbital (LUMO) of molecule 2 (isovalue = 0.02).

In Fig. 9 we can see that the HOMO is localizedings A and B, on the fragment joining them andlmbromine
atom. This MO is oft nature. Note that the HOMO is not localized oma®of the common skeleton (see Fig. 2).
Then, if atom 2 donates charge it will do so, namnf the molecular HOMO, but from the highest ocedpi
molecular orbital localized on this atom (its loe®DMO?). In fact, the local HOMO* of atom 2 correspds to the
second highest MO of the molecule (alsatafature, not shown here). The LUMO is localizedatiratoms of rings
A and B, the fragment joining them and the carbagpyups, being oft nature (Fig. 10). Figure 11 shows the

LUMO of molecule 20.

41
Available online at www.scholarsresearchlibrary.com



Diego Mufioz-Gacitia and Juan S. Gémez-Jeria J. Comput. Methods Mal. Des., 2014, 4 (1):33-47

Figure 11. Localization of the LUMO of molecule 2@isovalue = 0.02).

For this case we can see that the LUMO is not ibedlon atoms 15 and 17 of ring B. These differermtween
the LUMOs of molecules 2 and 20 are a good pidtesxample of properties that could account fordiféerences
in biological activities.

Analysis of the relationship between molecular stroture and antiviral activity against the influenza
A/Guangdong Luohu/219/2006 (H1N1) strain CPE of sudtituted amidobenzamides (Eg. 3).

There is a very important point that needs to rarnented on before analyzing our results. In theipus analysis
we have spoken of electron-donor areas, centersoigties (and the same for electron-acceptor ceriteother
papers). In the following discussion we shall matliide hydrogen bond formation by some heteroatosienging
to an aromatic system because there are otherdtmalic reactivity indices describing them. Witlire LCAO-MO
framework a medium- or large-sized molecule pogseaggroup of occupied and vacant (empty) moleaulztals.
From a theoretical point of view the MOs can bessified as being of, o or n (lone pair) nature. In the usual
guantum-chemical calculations we sometimes obtalsMf a mixed nature: the MO has, for exampleature in
one molecular region arwnature in another. Let us consider now what happéren an aromatic moiety interacts
with a similar structure of a partner. This kindinoferaction is calledi-nt stacking [77-79] (the face-centeraeh
interaction between aromatic systems is not favaredl will not be considered here). Regarding theraction of
aromatic systems, Sanders and Hunter pointed @itwhen we consider the interaction between twd suc
systems, an attractive interaction is clearly cerintuitive because the dominant interaction wélthe repulsion of
the two most closely approachineclouds [79]. Also, the higher the loaztharge density on an atom in the highest
MOs localized on it, the larger the size of thelesion shell into which other electrons are nobwad to penetrate.
Working with a very simple model these authors ssfyghato-nt attraction dominates in an offset (off-centre)
stacked geometry [79]. Here, and within our modelosal atomic contributions and for the case ofraatic
systems, we shall understand that the quasi-tigidamework charge of the i-th atom is constitutgdtiie nuclear
charge of the i-th atom minus the Fukui indiceshefc MOs localized on it. We can safely state that #ismic
framework has a positive net charge and #haostall thec MO eigenvalues are located below the eigenvalfies o
thern MOs. On the other hand, let us consider the tagakcharges of the atoms composing the aromatiersydt is
also safe to state in a first approximation thatafgarticular orientation of twm-systems, positively charged atoms
on one moiety tend to be aligned with negatively chdrgatoms on the other, so that there is an atteacti
electrostatic interaction. But this alignment vélso be controlled by the repulsion of théMOs: two atoms will
tend to be aligned in such a way that the occupi®iOs localized on them minimize their repulsiveenactions.
The best ideal situation should be the interaatiba positively charged atom without occupre®Os localized on

it and with vacantt MOs localized on it, with a negatively chargedmatwith occupiedt MOs localized on it. Last
year, and within the LCAO-MO framework, we proposedet of local atomic reactivity indices, sevarfivhich
are employed in this paper [50]. In the light of tbove discussion we think that two of them, thial tocal atomic
density of occupied states and the total local atatansity of vacant (empty) states, may be ugefanalyze the
penetration of the electronic cloud into anotheraoolar system. Therefore, when we interpret allatamic
partial reactivity index belonging to an aromatystem and appearing in a equation (a partial régactndex is one
depending on only one MO), we are most probably geltting a partial picture of what is happeningréh
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The Beta values (Table 3) indicate that the impm#a of the variables s
s,> S (HOMO-2)*>F,(LUMO + 2)* > F,,(LUMO + 2) *= S|, ( HOMO-1)*. Almost all points in

Fig. 3 are within the 95% confidence interval siugjog that the common skeleton employed for thiseces
reliable. A variable-by-variable analysis of Eqgin8icates that good antiviral activity is assoaibteth high values

for s7; and S;(HOMO-1)* and with low values for ST(HOMO-2)*, F,(LUMO+2)* and

Fs(LUMO+2)*. A high value for g indicates that the local HOMO*-LUMO* gap should bmall. If we

identify the local atomic softness with the locébraic charge capacity defined as the ability taireelectronic
charge once it has been acquired [50], we sugbaesiatom 17 should act as a strong electron-acceptder and
should be prone to modify its electronic densitjtejeasily. A high value fos;;"(HOMO-1)* indicates that atom
11 acts as an electron-donor center inrastacking interaction. Knowing th&;"(HOMO)* has a non-zero value it
is clear that at least the two highest occupied!lMOs of atom 11 participate in the interactioheThonappearance
of S;,5(HOMO)* in Eq. 3 is due to the fact that the variationthif reactivity index through the series is not

statistically significant (i.e., its value is tomall and/or constant). A low value foiS,E( HOMO-2)* can be

interpreted as follows. As an example, let us arealyne case of molecule 2. For this molecule tieall(HOMO-
2);* is the fourth highest occupied molecular MO. Figu2 shows the structure and localization of terth
highest occupied molecular orbital (HOMO-3) of nmlke 2.

Figure 12. Localization of the fourth highest occujgd molecular orbital (HOMO-3) of molecule 2 (isovéue = 0.02).

This MO is ofrt nature on ring B and af nature in the fragment joining both aromatic ringscomparison witht
MOs, theo electronic density can be considered as beingi-quasdeformable. If atom 7 is acting as an elettro
acceptor center, then the low or zero localizatbfHOMOZ2),* on it will facilitate the interaction by diminishg
the repulsive electron-electron interaction betw#en occupied MOs of both partners (let us rementhat the
larger thecharge density on an atom, the larger the sizéeekclusion volume into which other electrons rawe
allowed to penetrate). It is interesting to notattim the original formulation of Klopman and Huds(Refs. [80-
82]) three terms appeared in their final equatidhs:interaction of net charges belonging to batttmpers and the
attractive interactions of the occupied (empty) M@sne partner with the empty (occupied) MOs @f tither. But,
within this scheme, it is natural to consider tthere are also repulsive interactions between ticemed MOs of
one partner with the occupied MOs of the otherh@otetical treatment of these repulsive interastiaithin the
LCAO-MO framework and the model presented in RB@][has yet to be done. These repulsive interastinay
occur between any combinationrgfo and n MOs. The analysis of each particular caseaisdatory for suggesting
hypothetical action mechanisms. The case&gfLUMO +2)* and F,i(LUMO +2)* can be interpreted as
follows. Let us consider again molecule 2. For athraUMO,* is the molecule’s LUMO, (LUMO+1yis the fourth
highest empty molecular MO and (LUMO+4§ the sixth highest empty molecular MO. In theeaf atom 16,
LUMO¢* is the molecular LUMO, (LUMO+1)* is the third highest empty molecular MO and (LUMB)¢* is
the fourth highest empty molecular MO. All these 8@re ofrt nature. With all these considerations we can
speculate that a low localization of (LUMO+2)* onoms 4 and 16 may facilitate the interaction ofirthe
corresponding (LUMO+1)* and LUMO* MOs inmn stacking interaction with another aromatic moiétiie two-
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dimensional (2D) antiviral pharmacophore, containall the above suggestions, is shown in Fig. 13nust be
stressed that this antiviral pharmacophore onlytains those properties whose variation gives awowtcof the
variation of the antiviral activity in the seriebrolecules. In this sense this pharmacophore eatohbsidered as a
partial construct.

ELECTRON
ACCEPTOR o
CENTER |
1 ELECTRON-
ACCEPTOR
CENTER
: /////
PI-PI
STACKING 7 N—0 ELECTRON
DONOR
CENTER
o PI-PI

STACKING
SAM; CENTER?

ELECTRON-
DONOR
CENTER
Pi-P

STACKING

Figure 13. Partial 2D antiviral pharmacophore for aubstituted amidobenzamides.

Analysis of the relationship between molecular streture and cytotoxicity of substituted amidobenzamids in
MDCK cells (Eqg. 4).
The beta values (Table 4) indicate  that  the impaga of the  variables s

F,(LUMO)*=8'>Q,,>F,(HOMO-1)*. Almost all points in Fig. 6 are within the 95% nfidence
interval suggesting that the common skeleton engulofpr cytotoxicity analysis is trustworthy. A vabie-by-
variable analysis of Eqg. 4 indicates that high totmity is associated with high values f059N

andF,(HOMO-1)*, with a negative net charge on atom 10 and witwavalue forF,,(LUMO)* . The sign

of the net charge on atom 10 (nitrogen) will beutated by the nature of the substituents attachatie¢ G;-O;,
fragment and by the substituents on ring A (Fig-Adm 10 might participate in the process leadmgytotoxicity
through an electrostatic interaction with a positregion (helped by the negative net charge gf @ through a

hydrogen bond (with OH, NH or SH groups). A highueafor SgN suggests that atom 9 participates as an electron-
acceptor center. The appearance Fof(HOMO=-1)* indicates that atom 2 participates as an eleimrer

center including its HOM@ in a n-rt stacking interaction. A low value fét,(LUMO)* , which is ofr nature in
all the molecules studied here, can be rational®esluggesting that atom 17 acts as an electroordwmnter in ar-
n stacking interaction. A high value fdr,,(LUMO)* could interfere, through repulsive empty MO-empt®
interactions, with an optimal interaction of atofhwith a partner. All these suggestions are sunmadrin Fig. 14.

Despite the fact that the action mechanisms foh keottiviral and cytotoxic activities are not knovior the

compounds studied here, statistically significagtiagions have been obtained for both of them. Tdeatons
explain the variation of these activities throughadamily of molecules in terms of the variatiohtiee numerical
values of different sets of local atomic reactiviitgices belonging to the proposed common skeldtarhappily,

our lack of knowledge about the microscopic actimechanism does not allow us to assign the termsaajg in

Eqg. 3 and 4 to any particular process. Regardiagatituracy of the common skeleton, whose struetasechosen
before the calculations, the good results obtairsdidate the actual choice. This does not alwaypéa [54]. The
information obtained from this study, and depictecdthe corresponding 2D partial pharmacophoresulshbe

useful for researchers devoted to the synthesigestithg of this kind of compounds.
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Figure 14. Partial 2D cytotoxicity pharmacophore fo substituted amidobenzamides.

The ideal situation for studies like the one présgéirhere, a situation that is very hard to findhe specialized
literature, is to have very long lists of moleculeith multiple substitutions at multiple sites witfie corresponding
biological activities measured in (almost) identieaperimental settings. This will guarantee thHase reported
values are comparable and that they can be udedntoa single set. It is also important to stréesguccess of this
method despite the large number of approximaticesiuThe local atomic reactivity indices here aeegroduct of
several physically-based simplifications. Moreoviéireir numerical values are obtained from ianvacuo full
geometry optimization of the molecule. This facplias at least two hypotheses: that this geomstmery close to
the biologically active conformation and that thesalecules act after losing any solvent moleculatér ions) that
they were interacting with. On the other hand, #otion mechanism(s) of these substituted amidolneiaizs
involves non-covalent interactions. Then, a desioripof the whole system in terms of its isolatemstituent parts
(unperturbed drug and partner(s)) is suitable asgins to be very useful for the identification of lecolar
structural factors affecting biological activityeKping the Orientational Factors and the electiostateraction of
the net charges of both partners aside, the MO-M&actions between them can be classified ineethypes. The
first is the charge transfer between occupied Mk@drug and the vacant MOs of the partner and versa. The
second is the interaction between occupied MOdefdrug and occupied MOs of the partner (causiegtn
exchange and delocalization between molecules)tlamdnteraction of vacant MOs of the drug with trezupied
MOs of the partner. The last one is the classileadtestatic interaction between occupied MOs dhlmartners. It
seems that our local atomic reactivity indices eaplain, if not all, almost all these interactions.

In conclusion, despite the almost total lack of Wlemlge regarding the mechanisms of antiviral actiom
cytotoxicity in these cases, we have obtainedssiedily significant relationships between electcostructure and
antiviral and cytotoxic activities. The variatiorf the antiviral activity is mainly orbital-contratl [82]. The
variation of cytotoxicity is charge- and orbitalrtmolled. The common skeleton used for this stuelgnss to be
correct.
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