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ABSTRACT

A formal quantum-chemical analysis of the relatlops between molecular-electronic structure andittgbition,
by 1H-1,2,3-triazole-4-carboxamide derivativescgfophatic effects produced by the influenza AASKALINL)
and A/HK/8/68 (H3N2) strains in MDCK cells was dad out. The results suggest that the moleculed tuirthe
nucleoprotein of both viral strains through the samechanism. The mechanism has a very high odutgtol as
expected in highly complex recognition and bindingcesses. A short discussion about the existeho®lecular
orbitals is also presented.

INTRODUCTION

To date 18 HA subtypes (H1-H18) and 11 NA (N1-N&dptypes of influenza A virus are known that infeoth
avian and mammalian species (see Ref. [1] for dujoéiphy). These viruses have high mutation abiline
mechanism is through antigenic drift, the naturatation over time of known strains of influenza.id'ban lead to
a loss of antibody protection that may have dewedogfter infection or vaccination with an olderagir Another
mutation process is by antigenic shift. In thiseckgo or more different strains of a virus, or istseof two or more
different viruses, combine to form a new subtypeiigaa combination of the surface antigens of the br more
original strains. Antigenic shift occurs only inflienza A virus because it infects more than jughans [2]. As
affected species include birds and other mammale than, this gives influenza A the opportunity &omajor
reorganization of surface antigens. Antigenic shife specific case of reassortment or viral sthifit confers a
phenotypic change. Reassortment is to blame foresofthe most important genetic shifts in the higtof the
influenza virus [3, 4]. The 1957 and 1968 pandefhicstrains were produced by reassortment betweeavian
virus and a human virus. The H1N1 virus respondinie¢he 2009 swine flu outbreak has an unusual hiswine,
avian and human influenza genetic sequences [H. spiecial receptiveness of pigs to infection witraa and
mammalian influenza viruses, the close proximityigfs and poultry farms, and the human practicewisfng and
trading of farm animals and farm animal productgroopportunities for genetic exchange and intecggs
transmission of influenza A viruses. Even thouglydtil and H3 influenza subtypes have broadly cated and
caused disease in pig populations worldwide [&, IH® subtype is being constantly detected in pigasia, plus
sporadic infections with highly pathogenic H5 aviafluenza viruses. Swine viruses are continuoisiated from
poultry species, especially turkeys. Today for mgpes of HN, (x=1, 18, y=1, 11) viruses there is a plethora of
strains infecting mammals and avian species [7-41].

One of the areas of research to combat influenza the design and testing of novel synthetic mdieswvith
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enhanced antiviral activity. Today we have drudshiting neuraminidase (zanamivir and oseltmavir)l #2 ion
channel blockers (amantidine and rimanitidine). ewrtarget is the virus nucleoprotein (NP), encobledhe fifth
genome segment expressed in abundance during tirsecof the infection [42-44]. NP is highly consedyv
Recently a group ofH-1,2,3-triazole-4-carboxamide derivatives was sgsited and tested for the inhibition of
cytopathic effects (CPE) produced by influenza ANYE (H1N1) and A/HK/8/68 (H3N2) strains in MDCK It
The target of these molecules seems to be theN#aln order to design new molecules with a broagectrum of
action we need experimental data comparing thevieadtiactivity against different viral strains [45Recently, we
obtained promising results for a group of angelaémnivatives acting as inhibitors of the cytopatsifects produced
by the influenza A/WSN/33 (H1N1) strain [46]. Inrpd of this series we presented formal quantigastructure-
activity relationships for the inhibition of the topathic effects produced by the influenza A/Guamgp
Luohu/219/2006 (H1N1) strain [1]. Here we presdrg tesults of a formal quantum-chemical analysighef
inhibition, by 1H-1,2 3-triazole-4-carboxamide derivatives, of thgopathic effects (CPE) produced by the
influenza A/AWSN/33 (H1N1) and A/HK/8/68 (H3N2) stta in MDCK cells.

MATERIALS AND METHODS

The method.

The biological activitylog(4), is a linear function of several local atomic iteaty indices (LARIs) and has the
following general form [47-52]:

logA, =a+bM, + clog[aDi /(ABQ1’2}+Z[ eQ+ f5+ J.sj“S}+

]

D[ M M+ x(m SCo++3 3] € ik G ¢ e e

w2 [0, ki Qe + 76 + W I ]
i 1)

where M is the drug molecule’s massits symmetry number and ABC the product of theenole’'s moment of
inertia about the three principal axes of rotatiQnis the net charge of atomSj,E 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’) localized on atonﬁf(m) is the atomic electrophilic superdelocalizabitifyMO m
on atom j, etc. The total atomic electrophilic sujgdocalizability of atom j corresponds to the sawer occupied
MOs of theSE(m)’s and the total atomic nucleophilic superdeloediity of atom j is the sum over empty MOs of

theSN(m)’s. % is the local atomic electronic chemical potentightom j (the HOM@-LUMO j* midpoint), 1 is
the local atomic hardness of atormj)j is the local atomic electrophilicity of atorm]j, is the local atomic softness

of atom j (the inverse o[]j ) and QJmax is the maximal amount of electronic charge thahaj may accept from

another site. HOM refers to the highest occupied molecular orbitedalized on atom j and LUM®to the
lowest vacant MO localized on atom j. They areechthe local atomic frontier MOs.

The moment of inertia term can be expressed aH[9,

log (ABO)™[=2 X m B =2 O

)

where the summation over t is over the various tiulests 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 stdestit is bonded. Th&,'s are
the Orientational Parameters of the substituemt Psat 1 of this series for more details).

We would like to add some words about the naturthisf model. As far as we know, it is the only membf the
class of model-based methods [53]. First, one shéadmulate one or more hypotheses about the natiitbe
process one intends to study. Next one must trengfi@se hypotheses into mathematical statemegisit{ens).
Finally, one solves these mathematical statementapares them with the available experimental médion and
analyzes the results to produce new knowledge. un aase we have started from the statistical-medchhn
expression of the equilibrium constant. Next weehapplied physically-based approximations to obsasystem of
linear equations expressing the equilibrium cortstana function of a set of, generally speakinggtigity indices.
Nothing has been added to these equations. Ifafie Followed to build the model is right and thgudibrium
constants have been correctly measured, then wece#te solution of the system of linear equatimnprovide a
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correct understanding of the physical process.mbéel has been successfully applied to the studywafriety ofin
vitro drug-receptor systems [49, 54-69] and has showdigtive capabilities [56-58]. Note the fact thia solution
of the linear equations provides an equation desyithe variation of the set of values of the &tium constants
in terms of the variation of the numerical valuéshe terms appearing in the equation. This in@isahat we are
obtaining only a partial knowledge of the whole gireceptor interaction mechanism. As the systenfinefar
equations cannot be solved because we do not mesgle cases (i.e., equilibrium constants) we usissts only
as a tool to obtain the best possible equationSAR. Johnson has pointed oudtdtistics must serve science as a
tool; statistics cannot replace scientific ratioitg)] experimental designs, and personal observatj@f]. Statistics
must be a servant and not a queen. QSAR liter&gyskagued with papers where scientific understagdias been
circumvented in favor of blind validation tests viow resulting information content [70]. Also tleeis a pandemic
of papers using the general formula “biologicali\ait = anything | can put here to use in a statatanalysis”.
“Anything | can put here to use in a statisticahlgsis” refers to any molecular descriptor takamfrthe realms of
classical chemistry, quantum chemistry or mathersatir a mixture of them. In these caseskiihewvledgeobtained
about the phenomenon is close to zero. On the dihed, papers reporting the synthesis and expetainen
biological activity of a series of compounds argodbedeviled with loose statements about the ogiships between
structure and activity. “If we exchange substitugnfior substituent Y, activity Z decreases” is thgeéneral form.
Such statements are merely the verbal translafie@xperimental results usually presented in a Talolé explain
nothing. The situation becomes worse when thedenséats are accompanied by others of the kind viagt?
decreases because substituent Y has a strongetiieaffect than substituent X” (from Mid-20th Gery Organic
Chemistry). The lack of an understanding that, émegal, biological activity is encoded in the emtimolecular
structure and that the mere substitution of a hyelnoatom by a methyl group can affect the wholetedaic
structure of the molecule (by adding several signodecular orbitals and also modifying the eigeneadpectrum)
and not only the area neighboring the point of sulion, leads to these simplistic analyses. Foclear
understanding of molecular phenomena the use aftgmachemistry is mandatory. If we observe Eq. Ishall see
that there is a large number of atomic reactivitfi¢es. Future developments may well add one omtere indices
but the actual set contains almost all the inforomaabout what an atom can do when facing a givesirenment.
Now, we have suggested that Eq. 1 can also be gethlm describany biological activity. What is the rationale
behind this statement? If a molecule must face rtftae one interaction in more than one site totdkeobserved
biological activity, the description of these irgtetions (within the framework of atom interactions)st be made in
guantum chemical terms, and this is also done thithabove reactivity indices. A theoretical repreggon of the
passage through membranes by passive diffusioimilas complex phenomena was described a long &g in
terms of some reactivity indices appearing in Eg.Satisfactory results have been obtained for aetyarof
molecular series and biological activities [1, 48,-75]. What if no satisfactory results are obtdmheéNhen
consideringn vitro equilibrium constants this happened to us on only occasion [60]. Thene were able to show
that the experimental values were not true equilibrconstants. In another case the common skelgtpathesis
was modified because in the set analyzed there twayesubsets interacting in different ways [69].id1Bgical
activity is much more complex tham vitro behavior, however. If unsatisfactory SAR resutts @btained one must
consider at least a reformulation of the constitutof the common skeleton (see below) or the poigithat a
subset of molecules exert their biological actithyough different mechanisms. We found the latteloe true in a
study of inhibitors of the bovine viral diarrheaus (unpublished results). The last criticism i®died to those who
still attempt to obtain meaningful QSARs from retoebinding affinities and /or biological activifieof racemic
mixtures. We have enough knowledge about the diffees of receptor binding affinity and biologicatiaties
between optical isomers to state that results isf kind are often of little scientific use (obvidyghey serve to
publish something, justify research project fundd/ar get a Patent).

Selection of the experimental data.

The set analyzed is a group oH-1,2,3-triazole-4-carboxamide derivatives with hitory activities against
replication of the influenza A/HK/8/68 (H3N2) and/\MS/33 (H1N1) strains. The anti-influenza activityas
evaluated using MDCK cell-based cytopathic CPE yassBhe selected molecules are shown in FigurediTatle
1.

50
Available online at www.scholarsresearchlibrary.com



Diego Mufioz-Gacitia and Juan S. Gémez-Jeria

J. Comput. Methods Mal. Des., 2014, 4 (1):48-63

~
Re Rs
Ry R1
O / \
N N R,
7 / ae
b
N d
X Rs
N
_ J
Figure 1. 1H-1,2,3-triazole-4-carboxamide derivatives.
Table 1. H-1,2,3-triazole-4-carboxamide derivatives and theianti-influenza activities.
|0g(|C50) |0g(|C50)

Molecule Ry R, R, Ry Rs Re R; HIN1 H3N2
js1* 1 Cl| NO | CH; H H H H -0.49 0.03
js2a* 2 Cl NQ CHs H H H H 0.68 0.78
js2b* 3 Cl| NQ | CH; H H H O GHs -0.15 0.42
js4a* 4 Cl| NO2| CH3 H H H H 0.53 0.94
js4b* 5 Cl NG CHs H H H Cl -0.14 0.46
js3a 6 Cl| NQ | CHs H H H H 0.50 0.71
js3b 7 Cl NQ CHs OCH; H H H -0.17 0.29
js3c 8 Cl| NQ | CH; H O GHs H H 0.73 1.14
js3d 9 Cl NQ CHy H H O GHs H 0.75 1.17
js3e 10| CI| NO2| CH3 Cl H H H 0.08 0.75
js3f 11| CI| NQ | CH; H Cl H H 0.69 0.97
js3g 12| CI NQ CHs H H Cl H 0.69 --
js3h 13| CI| NQ | CH; OH H H H 0.20 0.89
js3i 14| CI NQ CHy C;Hs H H H 0.38 0.69
js3j 15| ClI| NQ | CH; O GHs H H H 0.51 0.95
js3k 16| CI| NQ | CH; | OCH(CH), H H H 0.93 1.21
js3l 17| ClI NQ CHs COGHs H H H 1.14 1.17
js3m 18| ClI| NQ | CH; O GHs H H O GHs 0.13 0.38
js3n 19| CI NQ H O GHs H H H 0.92 --
js3p 20| CI H GHs O GHs H H H 1.68
js3qg 21 H NQ CHs O GHs H H H 1.23

In molecule 1 a=C, c=0, a-b and b-c are double sohdmolecules 2a and 2b a=C, b=0, a-e and c-diauble
bonds. In molecules 5a and 5b, a=c and a-b andrd-double bonds.

Calculations.

The electronic structure of all the molecules wakwdated within the Density Functional Theory (DFat the
B3LYP/6-31g(d,p) level of the theory with full geetny optimization using the Gaussian suite [76]gateve
electron populations coming from Mulliken Populati&nalysis were corrected as usual [77]. Molecualditals
and molecular electrostatic potentials (MEP) weepicted using GaussView and Molekel [78, 79]. Ciaéonal
parameters were calculated as usual [50]. Linealtipiel Regression Analysis (LMRA) techniques wesed to
find the best solution of the linear system of emues 1. A matrix was built containing the depertdeariable (the
inhibitory activity of each case), the orientatibmarameter of the substituents and the local atomactivity
indices of all atoms of the common skeleton aspedeent variables. The Statistica software was tmedMRA
[80]. We worked with theommon skeleton hypothestating that there is a definite collection ofratp common to
all molecules analyzed, that accounts for neatlyhal biological activity. The effect of the sultsénts consists in
modifying the electronic structure of the commoelston and influencing the right alignment of thregithrough
the orientational parameters. It is hypothesizeat thifferent parts or this common skeleton accdontall the
interactions leading to the expression of the iitbilg activity. The common skeleton foH11,2,3-triazole-4-
carboxamide derivatives is depicted in Fig. 2.
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Figure 2. Numbering of atoms for the common skeletoof substituted 1H-1,2,3-triazole-4-carboxamide derivatives used irhe LMRA.
RESULTS

Results for the inhibitory activity against influenza A/WS/33 (H1N1) strain replication.
The most statistically significant equation obtairis

log(IC,,) = 0.26- 1.4E, (UMO+ 2)* 0.0&) [(UMO+ 2)* 11.08, KOMO- 1)#(5)
+3.84F, LUMO+ 2)*-0.2655, (HOMO- 1)* 0.0053, (LUMG- 1)*

with n=21, R=0.96, R0.92, adj R=0.89, F(6,14)=54.17 (p<0.000001), outliers=2 and SD=0.18.
SQN( LUMO+ 2)* is the local electrophilic superdelocalizabilitiytbe third highest local empty MO of atom 9.

S5 (HOMO-1)* and S),( LUMO+1)* have similar meanings, but for the first localltégt occupied MO of
atom 22 and the second local lowest empty MO ofa26. F,,(HOMO-1)* is the Fukui index of the second

highest local MO of atom 15, (LUMO +2)* and F,,(LUMO + 2)* have similar meanings but for the third

local empty MOs of atoms 5 and 15 respectively. bée coefficients andtest for the significance of coefficients
of Eq. 5 are shown in Table 7. Concerning indepehdariables, Table 8 shows that there are nofsgnit internal
correlations. The associated statistical parameftes). 5 show that this equation is statisticailynificant and that
the variation of a group of local atomic reactiviiiglices belonging to the common skeleton explaimsut 89% of
the variation of the inhibitory activity againsflurenza A/WS/33 (H1N1) strain replication. Figureffows the plot
of observed valuess. calculated ones.

Table 2. Beta coefficients and t-test for signifiaace of coefficients in Eq. 5.

Variable Beta B t(14) p-level

F (LU MO + 2) % | -0.36| -1.4125 | -4.42| <0.0006

5
33N (LUMO+2)* -0.92| -0.0412 | -11.44 <0.000001
= (HOMO—l)* -0.24 | -11.0337| -2.84 <0.013

15
= (LU MO + 2)* 0.35 | 3.8442 4.26 <0.0008

15
SZEZ( HOMO- 1) % | -0.27] -0.2592 | -3.20| <0.006
%’\é( LUMO+ 1) % | 0.43 | 0.0045 4.91 <0.0002
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Table 3. Squared correlation coefficients for the ariables appearing in Eq. 5.

S'(LUMO+2)* | SY(LUMO+2)* | F,(HOMO-1)* | F(LUMO+2)* | SE(HOMO-1)*
SgN ( LUMO+ 2)* 0.006 1.00
F,.(HOMO-1)* 0.04 0.07 1.00
F15(LU|V|O + 2)* 0.002 0.003 0.003 1.00
SzEz( HOMO—l)* 0.006 0.01 0.005 0.12 1.00
Sh(LUMO+1)* 0.12 0.05 0.14 0.005 0.01

1.8

1.6
14
12
1.0
0.8
0.6
0.4

Observed log(IC50)

0.2
0.0
-0.2
-0.4

0.6k ’
08 06 04 -02 00 02 04 06 08 10 12 14 16

Predicted log(IC50)

Figure 3. Plot of predictedvs. observed log(IGo) values from Eg. 5. Dashed lines denote the 95%rdidence interval.

Results for the inhibitory activity against influenza A/HK/8/68 (H3N2) strain replication.
The most statistically significant equation obtairie

log(IC,,) = 0.79- 0.9%, HOMO- 2)% 0.00&,~ 0.00@},—
—5.97F,, HOMO- 2)*+0.205 (HOMO- 1)*

with n=17, R=0.97, R=0.95, adj R=0.93, F(5,11)=44.41 (p<0.000001), outliers=2 and SD:O.OQ.SZ'\'1 is the
total atomic nucleophilic superdelocalizability atbm 21.0©, is the orientational parameter of the Sibstituent.
SS(HOMO-1)* is the electrophilic superdelocalizability of treecond highest local MO of atom 8.

F,(HOMO-2)* and F,(HOMO-2)* are, respectively, the Fukui indices of the tHiighest occupied

local MO of atoms 4 and 12 respectively. The begfficients and-test for the significance of coefficients of Eq. 6
are shown in Table 9. Concerning independent vimsablable 10 shows that there are no significatgrnal
correlations. The associated statistical parameftes). 6 show that this equation is statisticailynificant and that
the variation of a group of local atomic reactiviiiglices belonging to the common skeleton explaimsut 89% of
the variation of the inhibitory activity againstflienza A/HK/8/68 (H3N2) strain replication. FiguBeshows the
plot of observed valuess.calculated ones.
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Table 4. Beta coefficients and t-test for signifiaace of coefficients in Eq. 6.

Variable Beta B t(11) p-level
_ * 0.80 0.94942 10.77 <0.0000Q1
F,(HOMO-2)
SZN 0.70 0.00390 9.70 <0.000001
1
©) -0.59 | -0.00368] -8.40/ <0.000004
2

F (HOMO—Z)* -0.37 | -5.97024| -5.10 <0.0003
12

%E( HOMo_l)* 0.24 0.19981 3.28 <0.007

Table 5. Squared correlation coefficients for the ariables appearing in Eq. 6.

N — * E
©, | S | F,(HOMO-2) S (HOMO-1)*
SZN 0.01 1.00
1
FlZ(HOMo_ 2) * 0.07 0.05 1.00
0.01 | 0.006 0.02 1.00
SE(HOMO-1)*
F4(HOMO_ 2) * 0.01 0.08 0.0009 0.14
1.4
12+ o
f." f.—‘
10}
~ ozl
3 LA
o 08¢ ® o. -
> e
o
- 067 s
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Figure 4. Plot of predictedvs. observed log(IGo) values from Eq. 6. Dashed lines denote the 95%mfidence interval.
DISCUSSION

Molecular electrostatic potential of the H-1,2,3-triazole-4-carboxamide derivatives.

Figure 5 shows that MEP of molecule 1 which is ¢ine with the best antiviral activity against botifiienza A
strains. Figure 6 shows that MEP of molecule 20ctvhdisplays the lowest antiviral activity againstNH strain
and no activity against H3N2 strain.
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Figure 5. MEP of molecule 1. 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 20. The orange isovalueigace corresponds to negative MEP values (-0.0004dhd the yellow isovalue surface
to positive MEP values (0.0004).

The structures of the MEP in the left side of Figsnd 6 look similar. Ont the right hand side MEP structure is
more different, the negative MEP areas above atahbiie phenyl ring being very different. The qimstof what
conformation these molecules may adopt for theigicange recognition by the partner cannot be areiver the
moment. The simple superimposition of the molecgiwmetries of the set is not adequate. A goodaagprmight
be the study of the conformational space of ab¢hmolecules up to 7 kcal/mol to find a set of comiations with
similar MEP structures, but the possibility of fing more than one set cannot be discarded. Thisresya large
computational effort that does not guarantee thate are in the presence of a multistep actionlmeésm, we will
be able to correlate a particular MEP structurdnaitcertain process. Figures 7 and 8 show, respéctthe MEP
of molecules 1 and 18 at a distance of 4.5 A froenrtuclei.
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Figure 7. MEP of molecule 1 at 4.5 A from the nucle

Electrostatic Potenfial

0.0145

0.00719

|-0.000145

-0.00748

Figure 8. MEP of molecule 18 at 4.5 A from the nuei.

We may notice that the values of the MEP at thisaglice are smaller in molecule 8, but that the géséucture of
the MEPs is similar. At approximately this distatiee recognition and orientation processes begattuor.

Frontier molecular orbitals of the 1H-1,2,3-triazole-4-carboxamide derivatives.

Figures 9 and 10 show, respectively, the HOMOs aierules 1 and 20.

Figure 9. Localization of the highest occupied motilar orbital (HOMO) of molecule 1 (isovalue = 0.02
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Figure 10. Localization of the highest occupied metular orbital (HOMO) of molecule 20 (isovalue = @2).

In the case of molecule 1 the HOMO is localizedriogs C ¢ nature) and D nature), and on the chlorine atom.
The same happens in the case of molecule 20. Thieese molecules are to donate charge they wilafyom one
or more atoms of ring D.

Figures 11 and 12 show, respectively, the LUMO ofenules 1 and 20.

Figure 12. Localization of the lowest vacant moledar orbital (LUMO) of molecule 20 (isovalue = 0.02)
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In molecule 1 the LUMO is localized mainly on rilgwhile in molecule 20 is localized on rings A aBdBoth
MOs are ofr nature. This is a good example of how a singlesstuition can produce dramatic effects on the
electronic structure of the whole system and jusidrt of the criticism made above. Then, if molecliacts as an
electron acceptor, electrons will be transferreditig D. If ring D of molecule 20 should act alse @n electron
acceptor it will do so though the first vacant M&gdlized on it. On the hand, if a biological adtivs linked to an
electron transfer to ring A, molecule 20 can emptsyLUMO while molecule 1 must employ the firstcaat MO
localized on it. Only the resolution of the systeiflinear equations 1 can give an insight into whaght be
happening.

ELECTRON
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AREA APOLAR
PI-PI AREA
STACKING
o \
/15 \
N N
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__— A ELECTRON
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ELECTRON CENTER
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Figure 13. 2D pharmacophore for inhibition by H-1,2,3-triazole-4-carboxamide derivatives of the ¢gpathic effects produced by the
influenza A/WSN/33 (H1N1) strain in MDCK cells.

Analysis of the relationship between molecular streture of the 1H-1,2,3-triazole-4-carboxamide derivatives
and the inhibitory activity against influenza A/WS/33 (H1N1) strain replication (Eg. 5).
The variation of the inhibitory activity is relatdd the variation of six local atomic reactivitydines. The beta

values (Table 2) indicate that the importance @séhvariables isS)' (LUMO+2)* > SJ(LUMO+1)* >

F(LUMO+2)*= F,(LUMO+2)*> S5 (HOMO-1)* =F,(HOMO-1)*, these results being in
agreement with the results of thiest. Almost all points in Fig. 3 are within thB% confidence interval suggesting
that the common skeleton employed for the analigsigeliable. A basic variable-by-variable analysfsEq. 5
suggests that a strong antiviral effect is mairdgogiated with high values fdr,(LUMO +2)* and with low

values forS)' (LUMO+ 2)*, F,.(LUMO + 2)* andS);( LUMO+1)* . Considering the low beta values for
S5 (HOMO-1)* andF,,(HOMO=-1)*, we shall abstain from doing a deeper analysthese indices.

The whole process seems to be orbital-controlléd88]. As an example we shall employ molecule Wimich the
HOMO is the MO 111 and the LUMO the MO 112. Theunatof the three highest occupied and three highest
vacant local MOs is the following: atom 5 (&0809r,110r,1137,115¢,118t), atom 9
(1087,109¢,110r,1137,115t,1167), atom 15 (108,10%,1115,1215,1245,1255) and atom 25
(101x,1067,111%,114r,1177,11%). The fact that MOs 108, 109 and 111 appear t® e some cases andin

others means that it hasnature on ring D and nature on ring C. Then, a high value fbf(LUMO +2)*
suggests that atom 5 may be directly interactintdp \&ih electron donor center or participating in-a stacking
interaction with an aromatic moiety of the nuclempm. A low value forSQN( LUMO+2)* can be obtained by

diminishing the localization of MO 116 on atom 9,taising the associated eigenvalue or by bottcesferhis can
be done by placing the appropriate substituent(the correct place(s) (whichare not necessariyna or ring A).
With all these considerations and considering #u that (LUMO+23* and (LUMO+1),s* are ofz nature, we may
tentatively speculate that a low localization odO+1)* on atom 25 and of (LUMO+2) on atom 9 magifiate
the interaction of their corresponding lower vacsi@s with electron-donor moieties or that they pagticipating
in an-n stacking interaction. In the case of atom 25o¢sl hardness (the HOM@-LUMO ,s* gap) is high (0.3 H,

compare with 0.21 H, 0.21 H and 0.19 H for atom® &nd 15). The low value foF,;(LUMO+2)* could
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indicate that atom 15 (and part or all of the pzére moiety) is facing a non-polar area mainly posed by atoms
having high local atomic hardnesses (i.e., a regiith ¢ local frontier MOs, such as amino acid alkyl sa&ins

for example). All these suggestions are depictatiertwo-dimensional partial inhibition pharmacophdepicted in
Fig. 13.

Analysis of the relationship between molecular streture of the 1H-1,2,3-triazole-4-carboxamide derivatives
and inhibitory activity against influenza A/HK/8/68 (H3N2) strain replication (Eq. 6).

Here the variation of the inhibitory activity islaged to the variation of five local atomic reainindices. The beta
values (Table 4) indicate that the importance of eséh variables is

F,(HOMO-2)*>S) >0, >F,(HOMO-2)*>SF (HOMO-1)*. Aimost all points in Fig. 4 are within

the 95% confidence interval suggesting that the mom skeleton employed for the analysis is trustmortA
variable-by-variable analysis of Eq. 4 indicateatth strong inhibitory activity is associated whigh values

for F,(HOMO-2)*,F,(HOMO-2)*, ©,and SF(HOMO-1)*; and with low numerical values for

Sle A low numerical value forSZN1 indicates that atom 21 (on ring C) should have knelgctron acceptor
properties. This can be associated with a low olonalization of the molecular MOs on atom 21, with increased
eigenvalues of the low-lying vacant MOs, or withthoA high numerical value for th®, orientational parameter

deserves some words. Orientational parameters depgalusively on the mass and on the distance ef th
substituents’ atoms to the centers to which theyastiached. In a first and rudimentary approadhydeconsider that
the molecule can be considered as having fixedenugt a given temperature we shall have a distitlouof
translational and rotational velocities. From dealsmechanics we know that any three-dimensiootdtion of a
rigid body can be expressed in terms of rotatidowugits three principal axes. On the other hamd real situation
we have continuous changes of the environment e@fnticleoprotein and constant vibrations and/ortigota of
some of its components. The arriving drug moleagleds a time intervat, to adapt to the environment in order to
adopt an appropriate conformation to be recognimeds partner through long-range forces (the MER: iuseful
tool to study this process). Only those moleculagirtg the right mixture of translational and ratatl velocities
will achieve this process withim. Now, if we relax the frozen nuclei condition ang accept that the set of
molecules can adopt any conformation available ftieenfully optimized geometry up to 4-7 kcal/mdietsituation
becomes really complex. Our first approach to usalstituent with a higher orientational paramstesuld be, for
example, to replace a hydrogen atom by a methgthoyl substituent. But why not use g l,o; substituent that is
really big? This will not be useful because, inienwords, it will take more thanto diminish the translational and
rotational velocities of this molecule (think ofethime needed to stop a 1.5 km long train traveih@0 km/h).
Then, there should be a range of substituentsctirabe used to achieve the goal of a higher otient parameter.
A second problem arises when substituting withdamnd larger substituents. As an example, lebasider what
happens when we change a methyl for an ethyl grblg.orientational parameter will be higher butréheill also
be a change in the electronic structure of the e/sgktem: eight electrons have been added whidkovitribute to
the formation of core and molecular orbitals. A nitro substituent has a biggrientational parameter value than
the methyl group. The methyl group has nine elestrahile the nitro group has 23 electrons. Besities,nitro
group has N-Or bonds. This substituent change will surely affd = MO distribution and localization. Our
practice has shown that some substitutions aretalithange the localization of theHOMO orz LUMO from an
aromatic moiety to another, even if they do nobhglto a common aromatic system (i.e. they areraggzh by
saturated chains or rings). Then it seems thatr&imgrule is to use substituents with similar ¢élenic structures
within a range of orientational parameter valuesh(€&s with standard values are under preparation).

Atom 4 is located on ring B. A high value foy(HOMO-2)*, ar MO, is indicative that this atom interacts as

an electron donor (through an H-bond), or partigpan arn-rn stacking interaction. Given that atom 4 is an @tyg
atom in some cases, the hypothesis of the hydrogend seems more plausible. A high value

for F,(HOMO=-2)*, a C atom forming a C=0 bond, may be interpretgddying that atom 12 is providing

electrons to the bonded O atom and/or to B rinthe1case that one of its atoms forms a hydrogenl.bost us
remember that, in a qualitative description, heatoms participating in an H-bond share (and theeefiiminish)
their electronic density and diminish their atomit charge. This may provide the conditions toaattelectrons
from conjugated regions around them. Anyway thesipi#y of a bond of the C=0....H... X type is more p#able.

A high value forS;E( HOMO-1)* suggests that atom 8 (on ring A) participates irmestacking interaction with

another aromatic moiety. Below we shall preserdraroent of what to do to transform these descrigtioto more
detailed statements. Figure 14 depicts the two-d#omal partial inhibition pharmacophore.
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ELECTRON
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PI-PI
STACKING

Figure 14. 2D pharmacophore for inhibition by H-1,2,3-triazole-4-carboxamide derivatives of the dgpathic effects produced by the
influenza A/HK/8/68 (H3N2) strain in MDCK cells.

Now, if we compare Figures 13 and 14, we do nat &iny contradictions. Rings A and D seem to intevath the
nucleoprotein through-n stacking. Ring B could act through the same mesharor by forming an H-bond.
Oxygen 13 seems to form an H bond. Ring C intenaittsa hydrophobic area. Recently, the X-ray @alstructure
of compound 7 (shown in Fig. 15) bound to NP wasebwith a resolution of 2.7 A [84]. It was foutidat the
structure contains two molecules of NP (NP-A andBYRind two molecules of compound in the asymmaetniit
[84].

HYyDROPHOBIC PI-PI

STACKING
INTERACTION
WITH Y52 WITH Y289

N

i ’ Me
ELECTROSTATIC HBORD WITH
AND HYDROPHOBIC

INTERACTIONS

WITH Y52, E53,

R99, W104 AND
Y 313

Figure 15. Compound 7 with some of the suggestedémnactions (from X-ray results).

From this X-ray structure, a frozen situation tlsahot necessarily the sameiasvitro, the following suggestions
were made:

1. Face-to-facer-stacking interactions are observed between the-aityl moiety (Ring D) of compound 22 and
Y289 of NP-A. This is fully consistent with our réts.

2. The piperazine moiety of compound 22 (ring &hileits a hydrophobic interaction with Y52 of NPa&d an
intramolecular hydrophobic interaction with the xamolylphenyl moiety of compound 22. The suggestdra
hydrophobic interaction is fully consistent withraesults.

3. The amide carbonyl of compound 22 makes a stkbignd with the side chain OH of S376 of NP-B asd
conformationally stabilized by intramolecular etestatic interactions with the oxygen of the methgkoup.

4. The isoxazole moiety (ring B) and its pendest @ng (ring A) fit into a well-defined pocket arehgage in both
electrostatic and hydrophobic interactions witlidess Y52, E53, R99, W104, and Y313 of NP-B [84hye this
is the correct interpretation for the frozen systéut our results indicate that ring A is engaged it-n stacking
interaction and that ring B does the same or ppdies in H-bond formation.
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As a general conclusion we may state that the tepubsented and discussed here are compatiblemwish of the
experimental evidence regarding drug-NP interastion

Now we shall discuss a rather complicated and Semgnatter. The existence and the form (if theisg»of the
molecular orbitals is still a subject of controwef85-88]. For example, in Woodward and Hofmanréper on the
conservation of orbital symmetry [89], examples presented based on small molecules and the HOMD an
LUMO (the lastter is assumed to exist and to h&eeldcalization provided by a calculation). In theystems the
location of the HOMO and the LUMO is easy to préditnk of the benzene molecule). We do not neethtoy out
calculations to know that occupiedMOs are localized on the carbon ring system aatldhiMOs are localized
between C-C and C-H bonded atoms. But in big mdds¢isuch as the ones analyzed here, this is hatial
endeavor. In practice we are working with vacamtgjmpty, or unoccupied) molecular orbitals assunfingnever
stating explicitly that thegxist that theyare thereand thatthey have the nature and shape produced by a given
calculation Curiously, all our work done on QSAR is compaillith these hidden facts. In their excellent paper
Labarca and Lombardi analyze the relationship betwsguantum mechanics and quantum chemistry [85]ciiée
“As Amann claims, the innocent-looking Born—Oppéanter approximation actually amounts to a ‘declanmatthat
molecular chemistry smuggles into quantum mechalfifos nuclei of the involved molecule are declaredéhave
like classical particle’s. Therefore, the link between the chemical and tjuantum description of the molecule is
not a mere reductive relationship, to the extemt ih involves a qualitative discontinuity betwetre related
concepts [85]. We have commented on these issu=sibe, despite the fact that the model used hergikian
excellent results in several systems, one of U8.@3J.) feels that something is still lacking tchiaee a more
detailed explanation of the drug-receptor inteacind complex biological activities.
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