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ABSTRACT

This paper presents and discusses the relationbbigieen electronic structure and the inhibition aeipy of

vesicular stomatitis virus (VSV) replication in MREells of a group of 4-quinolinecarboxylic acidadogues. The
electronic structure of all molecules was calcuthtéthin Density Functional Theory at the B3LYP&3@R1,p) level
after full geometry optimization. No statisticaflignificant equation was obtained for the whole §&aiessing that
some molecules could interact with an extra sieegenerate two subsets. For both of them we ollatatistically

significant equations relating the variation of ti&V replication inhibitory capacity with the vatiian of a definite
set of local atomic reactivity indices. The processharge-controlled. The common skeleton hypattssems to
work well enough.

INTRODUCTION

The vesicular stomatitis virus (VSV) is a membethafVesiculovirusgenus, of th&khabdoviridaefamily. This is a
bullet-shaped, enveloped virus, about 170 nm igtlermand 70 nm in diameter, possessing a singledgd and
negative-sense RNA genome [1-23BV is the causative agent of vesicular stomat#islisease of cattle, horses,
mules, deer, grasshoppers, rodents, pigs, andionedg humans [24-33]. Indications of exposure énéeen found
in many species such as antelopes, bats, birds, degvids and nonhuman primates. However, VSVlde a
promising agent for oncolytic virus therapy, ani-&aincer approach employing viruses to preferdgtiafect and
kill cancer cells, while keeping healthy cells ©tt§84-39]. It is thought that the antiviral resges induced by type
| interferon pathways are impaired in a good nundfexancer cells. Consequently, cancer cells anemasceptible
to VSV than normal ones. Other factors making VSpr@amising oncolytic virus candidate for clinicaeuare the
lack of pre-existing immunity in humans, an easilgdifiable genome, a relative independence froreptr type
or cell cycle, and cytoplasmic replication withale peril of host-cell transformation. There are possible ways
of neutralizing this virus. The first is employisgnthetic ligands that bind to key structures @f ¥irus preventing
its replication. On the other hand, many viruseplegnthe host cell machinery to replicate and toidvhe host’s
immune response. This is the basis for the secppbach, which consists in locating and blockirkeg structure
inside the host that is necessary for viral refilica In the case of VSV, the inhibition of humaimyiroorotate
dehydrogenase (DHODH), a fundamental enzyme inl¢heovobiosynthesis pathway of pyrimidines, has proved to
be an excellent tool for impairing VSV replicatidBrequinar and a series of other compounds areupteaf this
approach. Recently, de Brabander et al. synthesizgbup of 4-quinolinecarboxylic acid analogueat timhibit
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DHODH. They also tested the ability of these commuisuto inhibitin vitro VSV replication in MDCK (Madin-
Darby canine kidney) epithelial cells [40]. To débere are no formal quantitative structure-agtivitlationships
studies dealing with the inhibition of VSV replicat. Here we present the results of a quantum-atedrainalysis
of the relationships between the electronic stmgctand thein vitro anti-VSV replication activity of the
abovementioned molecules.

MODELS, METHODS AND CALCULATIONS

The method

Considering that the model-based method [41] engulolyere has been described and discussed in grtk d
elsewhere [42-47], we present only a short standandmary. The inhibitory replicatioexpressed as Eg,; is a
linear function of several local atomic reactiviiligices (LARIs) and has the form:

log(EC,,)=a+bM, +clog g, /(ABC}?]+>’[ e Q+ f 8+ ;s/5|+

j

+X XM EM+ X SCH+X X[ € i o ¢ e

|9 +km 9y + 76 + W]+ O
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where ABC the product of the drug’s moment of ir@egbout the three principal axes of rotation, Mhis drug’s
mass ands its symmetry number. The nomenclature used befothé following. HOM@ refers to the highest
occupied molecular orbital localized on atom j &ttMO;* to the lowest empty MO localized on atom j. Thane
the local atomic frontier MOs. The molecule’s MGs bt carry an asterisk. Table 1 presents, in taedsrd form
used in other publications, the physical intergreteand units of the LARIs, together with referesacorresponding
to their first historical use [47-49].

Table 1. LARIs and their physical meaning

LARI Name Physical interpretation Units
Q Net atomic charge of atom i Electrostatic inteimac{48] e
SE Total atomic _elec_tr_ophlllc ) Total atomic electron-donating capacity of atorklQd-MO interaction) [49] eleV
superdelocalizability of atom i
N Total atomic nucleophilic . . . ) )
S superdelocalizability of atom i Total atomic electron-accepting capacity of atai©-MO interaction) [49] eleV
E Orbital atomic electrophilic
S ( rT) superdelocalizability of atom i and occupiedElectron-donating capacity of atom i at occupied M@MO-MO interaction) [49] eleV
MO m
N Orbital atomic nucleophilic
S ( rn') superdelocalizability of atom i and empty M Electron-accepting capacity of atom i at vacant MGMO-MO interaction) [49] eleV
m
F Fukui index of atom i Total electron populationatdém | (MO-MO interaction) [49] e
Fini Fukui index of atom i and occupied MO m. Electpmpulation of occupied m MO at atom | (MO-MO intetian) [49] e
Fowi Fukui index of atom i and empty MO m’ Electron pdgiion of vacant MO m’ at atom i (MO-MO interaatip[49] e
Local atomic electronic chemical potential of Propensity of atom i to gain or lose electrons. eV
tui atom i HOMO*-LUMO * midpoint [47]
Local atomic hardness of atom i Resistance of atom i to exchange electrons witlettwronment [47] eV
,7i HOMO*-LUMO * gap
C. Local atomic softness of atom i . ,7i 1/eV
| The inverse of "' [47]
) o . Tendency of atom i to receive extra electronic ghdogether with its
CL{ Local atomic electrophilicity of atom i resistance to exchange charge with the medium ev
Qmax Local atomic charge capacity Maximal amount of &@dc charge atom i may receive [47]
o Orientational Parameter of the substituent Ln;lrttjﬁgrc[e;lséltrl&]fractlon of molecules attaining tioerect orientation to interact with a uma. R

The application of this method has proved succéésfua large number of systems [44, 50-77]. ltngortant to
mention that this method works effectively if andlyoif all the molecules of the set studied exénit final
biological activity through the same mechanism echanisms. If this condition is not fulfilled, warmot expect to
obtain the best results for the whole set and mwssider other possibilities.
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Selection of the experimental data

An essential condition to utilize a set of expernitat values in QSAR studies is that they must biobd under
more or less identical experimental conditions prmtedures. The biological activity selected fas ttudy is the
inhibition of VSV replication (EG), in MBDK cells [40]. It is worth mentioning thdlhe exactin vitro inhibitory

mechanism of these molecules is uncertain. The acateds chosen for this study are shown in Figs. d Znand
Tables 2 and 3, together with the correspondingexpental biological activities (see Results, bélow

COOH
Ry AN
B
/
N

Figure 1. General formula for group A of 4-quinolinecarboxylic acid analogues

Ry

Table 2. Group A of molecules and their biologicahctivity

log(EGso)
Molecule R;
ve] R : (uM)
1 CI | O(CH).CH, | 0.67
2 Ci OCH, 0.85
3 CI | OCHCH, 0.76
2 Cl | O(CH)CH, | 0.81
5 Ci 0Ch 03
6 cl F 0.26
7 ci Br 0.34
8 Cl ChH 0.9
9 CI' | ChCH 0.76
10 Cl ch 155
] = OCH 0.81
7 F | OCHCH, 0.22
13 F | O(CH):.CH, 13
14 F | O(CH)CHs | 0.32
15 F | Ch(CHy 0.83
16 F CE 0
'd N\
R;
Re
R
Rio
\\ J

Figure 2. General formula for group B of 4-quinolinecarboxylic acid analogue’s
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Table 3. Group B of molecules and their biologicactivity

Molecule R Rs Ry Re Ro Ro | ReRs logp(tllf/IQO)
17 H H H H H H 011
18 F H H H H H -1.00
19 Br H H H H H 049
20 OCF3 H H H H H 1.98
21 OCH3 H H H H H 3.42
22 NO2 H H H H H 0.30
23 CF3 H H H H H 122
24 H H H H H H 0.00
25 H H H H H H R=F 0.08
26 H H H H H H R=F 2.20
27 F H H H H H R=F 0.20
28 F H H H cl H 0.30
20 F H H H NQ H 0.69
30 F H H R-Ro(OCH,0) | - H -0.05
31 F H F H H H -0.52
32 F H H F H H -1.00
33 F H H H F H 0.00
34 F H pyridyl H H H 1.36
35 F H H pyridyl H H 0.40
36 F H thiazolyl H H H 1.16
37 F CH H H H H 0.86
38 F H H H H H 0.95
39 F H H H H H -0.63
40 F H H CH H CH3 -0.28
a1 F H R-ReCoHa | - H H -0.25
42 F CH H H C(CH)s | H -1.19
43 F CH H H H H R=CHs -1.64
44 F_ | CH(CH) H H H H | R=CH; | -2.70

a. R=Rs=R,=Rs=H in all cases but those mentioned in the lastiool. b. Atoms marked * and ** are linked by a @foup in Fig. 2. b. This
molecule has an extra methylene group linking thet@n and D ring.

Calculations

The electronic structure of the molecules was aketiwithin the Density Functional Theory at the BBL6-
31g(d,p) level of theory. The Gaussian suite ofgpains was employed [78]. After full geometry optiation and
single point calculations, the values of the LARMsre calculated with D-CENT-QSAR [79]. Electron pégiions
arising from Mulliken Population Analysis were oscted as suggested [80]. Orientational parametene w
calculated as usual [44, 45]. As the resolutiothefsystem of linear equations is not achievabt@abge there are
not enough molecules, we used Linear Multiple Regjom Analysis (LMRA) to find out which atoms arieedtly
involved in the variation of the biological actiyitWe worked within the hypothesis that there ise& of atoms
common to all the molecules studied (called the mom skeleton), encoding the variation of the bialabactivity
through the series. It is the variation of the eslwf some local atomic reactivity indices of thenas belonging to
this skeleton that accounts for the variation ef itthibition of VSV replication throughout the sianalyzed. The
substituents modify the electronic structure of ttmenmon skeleton and control the precise alignnuénthe
common skeleton with its partner through the odganhal parameters. For the LMRA, we built a mat@ataining
the logarithm of the dependent variable {gJ@Gnd the local atomic reactivity indices of theras constituting the
common skeleton as independent variables. Thesttatisoftware was used [81]. Note that in thisdkif model
statistics is employed as a servant and not agengirhe common skeleton numbering is depictedgn3-

-

18 O

O 19
\C/

23
22 24
25
(@]
20 26

Figure 3. Common skeleton humbering

14

67
www.scholarsresearchlibrary.com



Juan S. Gémez-Jeria Der Pharma Chemica, 2014, 6 (3):64-77

RESULTS

We carried out a preliminary LMRA with all the moldes (n=44, Tables 2 and 3) using atoms 1-19easdmmon
skeleton (Fig. 3). No statistically significant uéts were obtained. On the basis of the observatian several
molecules do not have a substituent of the O-phigpyd at R (Fig.1), we formed group A with them (Table 2).eTh
remaining molecules formed group B (molecule 36 eaduded from both groups).

LMRA results for group A of molecules.

For this case, the common skeleton included atoombered 1 to 19 in Fig. 3. A first LMRA showed that
molecules 12 and 13 were outliers and we discattsd. A second LMRA discarded molecule 14 as alieouEor
the remaining set we obtained the following staiidly significant equation:

log(EC,,) =-1.16+ 6.9F, (UMO+ 2)= 1.2F, (UMO+ 1) @)

with n=13, R=0.97, R=0.95, adj B=0.94, F(2,10)=91.020€0.0000) and SD=0.12. No outliers were detected and
no residuals fall outside the ¢2imits. Here, F;(LUMO + 2)* is the Fukui index (the electron population) of th

third lowest vacant MO localized on atom 3 ahg (LUMO +1)* is the Fukui index of the second lowest vacant

MO localized on atom 16. The Beta coefficients #telst for significance of coefficients of Eq. 22ashown in
Table 4. There is no significant internal correlatbetween the two independent variables (10%urEig shows
the plot of observed valuess. predicted ones. The associated statistical pasametf Eq. 2 indicate that this
equation is statistically significant, explaininigoait 94% of the variation of the VSV inhibitory ty.

Table 4: Beta coefficients and-test for significance of the coefficients in Eq. 2

Beta | t(10) p-level

F,(LUMO+2)* | 069 | 9.1 <0.000004
Fs(LUMO+1)* | -050| 652 <0.00007
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Predicted log(ECsp) Values
Figure 4: Observed versus predicted values (Eq. ®f log (ECs). Dashed lines denote the 95% confidence interval

LMRA results for group B of molecules.
For group B the common skeleton included atoms bf2eig. 1. A series of LMRAs discarded moleculés 28,
30, 34-36 and 39 as outliers. For the remainingveebbtained the following statistically signifidaaquation:

log(EC,,) = -12.63- 521.0@57 HOMO- 1)* 3.72,,— 1.8, KIOMG- 13

~0.165)) (LUMO+ 2)*-25.13, (LUMO+ 1)* 16.2F, (UMO+ 1)* 53E, HOMO- 1)

©)
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with n=21, R=0.99, &0.98, adj R=0.97, F(7,13)=106.680&0.0000) and SD=0.21. No outliers were detected
and no residuals fall outside the at®mits. Here, L, is the local electronic chemical potential of atd®,

SE( HOMO-1)* is the local atomic electrophilic superdelocaliligbof the second highest occupied MO
localized on atom 17%“2( LUMO+ 2)* is the local atomic nucleophilic superdelocalifigpof the third lowest

vacant MO localized on atom 22 and, in genefgl(MO,)* is the electron population (Fukui index) of MO z

localized on atom k. The beta coefficients andst-fer significance of coefficients of Eq. 3 are®im in Table 5.
Table 6 shows the squared correlation coefficidotsthe variables appearing in Eq. 3. No significarternal
correlations are observed. Figure 5 shows theqgiflatserved valuegs. predicted ones. The associated statistical
parameters of Eq. 3 indicate that this equatiatasstically significant, explaining about 97%tbé variation of the
VSV inhibitory activity.

Table 5: Beta coefficients and-test for significance of the coefficients in Eq. 3

Beta t(13) p-level

S5 (HOMO-1)* | oss | 2054| <0.000001
o 061 | -15.00| <0.000001
Fs(HOMO-1)* | -039| -9.56 | <0.000001
SzNz( LUMO+2)* | -025| -6.00 | <0.00005
Fo(LUMO+1)* | 027| 636 | <0.00003
Fo(LUMO+1)* | o1s | 468 | <0.0004
F;(HOMO-1)* | 012| -314| <0008

Table 6: Squared correlation coefficients for the ariables appearing in Eq. 3

S;(HOMO-1)* | [fo | Fe(HOMO-1)* | SH(LUMO+2)* | F(LUMO+1)* | Fg(LUMO+1)*
Lo 0.12 1.00
F,(HOMO-1)* 0.005 0.03 1.00
SY(LUMO+2)* 0.05 0.04 0.13 1.00
F,(LUMO+1)* 0.008 0.0004 0.10 0.02 1.00
Fo(LUMO+1)* 0.05 0.02 0.01 0.01 0.06 1.00
F,(HOMO-1)* 0.01 0.002 0.03 0.04 0.11 0.07
4 -
»'.’”
3
g , g
2 .
>
S 1
i) [
(=2} 2
[ 4
2 Y
c ,
g
8 1 ::"o’o
-2
-3
-3 -2 41 0 1 2 3 4

Predicted log(ECs) Values
Figure 5: Observed versus predicted values (Eq. ®f log (EGsc). Dashed lines denote the 95% confidence interval
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DISCUSSION

If good QSAR results are not obtained, at leastpassibilities should be considered. The first iefarmulation of
the structure of the common skeleton. The secomdi®melated to the fact that some molecules méglett their
biological action via different mechanisms. We hawneountered both classes of situations duringresgarch. In
the case analyzed here, the hypothesis that acybgf molecules interacts with an extra site &f plartner led to

statistically significant results. As always, theme some variables that do not appear in EqsdZBdrecause their
variation is not statistically significant.

Molecular electrostatic potential (MEP) structure.
If groups A and B of molecules exert their inhibjt@activities at the same site we expect that thtP’s should be

similar for the recognition process. Figs. 6 andisplay the MEP of molecules 5 and 44, the mosveanes of
each group [82].

Figure 6. MEP of molecule 5. The green isovalue sfaice corresponds to negative MEP values (-0.01) atite yellow isovalue surface to
positive MEP values (0.01)

Figure 7. MEP of molecule 44. The green isovalue gace corresponds to negative MEP values (-0.01) drthe yellow isovalue surface to
positive MEP values (0.01)

We can see that the MEP of both molecules is sinnlahe region of ring A and the COOH group. Thé&R
structures of the lower right side are differentoiving that the COOH substituent is essential &ivay, we may
guess that the approach of these molecules todhgon site and the initial interaction with itésntrolled by the
MEP around this area. To have an idea of the streaif the MEP at a given distance from the nueleipresent in
Figs. 8 and 9 the MEP of molecules 5 and 44 astauice of 3.5 A from the nuclei [83].
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Electrostatic Potential

0.00816

0.00463

0.00110

-0.00243

-0.00596

Figure 8. MEP map of molecule 5 at a distance of A from the nuclei

Electrostatic Potential

0.0180
0.00999
0.00203

-0.00593

Figure 9. MEP map of molecule 44 at a distance of A from the nuclei

We can see that at 3.5 A a negative MEP area eaistsd ring A and the COOH moiety in both molesult this
distance, the guiding process of the drug moletodeards its partner occurs. In agreement with a@vipus

suggestion we suppose that the guiding and infereptocesses takes place with the COOH moietytimgjrio its
partner.

Structure of the Molecular Orbitals.
Figs. 10 and 11 show, respectively, the HOMO stmecand localization of molecules 5 and 44 [82].

Figure 10. Molecular HOMO of molecule 5 (isovalue=02)

We can see that the HOMO is»ohature and is localized on all rings and the @istituent (see Figs. 1 and 2). A
small localization is observed on the carbonyl @tyatom of the COOH moiety.
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Figure 10. Molecular HOMO of molecule 44 (isovalu@.02)

We can see that the HOMO ismohature (with some smadl components) and is localized on all rings. The HOM
structure and localization are similar in both ncoles but in molecule 44 the HOMO is also localipedring D
(Fig. 2). No localization is observed on the COOBliety. Then, if molecule 44 is able to employ riddo interact
as an electron-donor center, it will do so throtlghmolecular HOMO.

Figure 12. Molecular LUMO of molecule 44 (isovalue6.02)
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We can see that the structure and localizatiom@fl{JMO (which is oftr nature) are similar in both molecules. In
molecule 44 the LUMO is not localized on ring DgF2). If one or more atoms of ring D act as etat@cceptors,
they must employ the first upper vacant MO localine them.

Conformational aspects.

The most active molecules belong to group B, aliifiaring D. As the O-phenyl group has much confational

freedom we should expect that, if a group of mdies@xist in zones Il and Il of the space aroumslreceptor, we
shall have a distribution of conformations. Nowwié examine molecules 43 and 44, the most acties ofi the
whole series, we may notice at once that the gulkstis placed on ring C limit the conformationaedom of the
O-phenyl moiety. Fig. 13 shows the superimpositibthe heavy-atom skeletons of molecules 43 an@4§

Figure 13. Superimposition of the heavy-atom skeleh of molecules 43 and 44

Then, if the molecules interact with an extra sgeng ring D (see below), a promising way to imgrakeir activity
is by exploring substitutions on ring C with allgidoups to find the combination that will most caethg hinder the
conformational freedom of the O-phenyl moiety. Tlme of other kinds of substituents will probabljealthe
electronic structure of the COOH-ring A-ring B srst This result is in complete agreement with thggestion of
de Brabander et al. [40]. Changes in the electrstmigccture should only be explored (for examplemlgination of
molecules 42 and 44) after determining the opticoalformation of the O-phenyl group.

Electronic structure and inhibition of VSV replication in group A of molecules.
For group A of molecules, a variable-by-variableb@y analysis shows that a high inhibitory capaafyVSV

replication is related to a high value Bf;(LUMO +1)* and a low value df,(LUMO +2)*. The variation of

the inhibitory capacity is orbital-controlled. Aten8 and 16 belong, respectively, to rings A ands€e (Fig. 3).
Considering that LUM@* and (LUMO+1)¢* have n nature, we suggest that atom 16 is acting as eatreh-

acceptor center through its two lowest vacant Id@is. In the case of atom 3, its LUMO* and (LUMO#&Aye of

7 nhature. A coherent suggestion is that atom 3 @att® as an electron-acceptor center through théowest vacant
local MOs. Fig. 14 presents the corresponding @lastio-dimensional (2D) inhibitory pharmacophore.

f COOH )
R1
N ELECTRON-
B DONER
— CENTER
/ "
ELECTRON-
DONOR Rz
CENTER
A\ J

Figure 14. Partial 2D anti-VSV replication pharmacghore for group A
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Electronic structure and inhibition of VSV replication in group B of molecules.
The results for group B are more complex. Firstalbf Table 6 shows that there are no significantretations

among independent variables. Table 5 indicatesttieaimportance of the variables%%( HOMO-1)* > 1, >

Fs(HOMO-1)* > F,(LUMO+1)* = %NZ( LUMO+2)* > F,(LUMO+1)* >F,(HOMO-1)*.
A VbV analysis of Eq. 3 indicates that a high irtdby capacity for VSV replication is associatediwiow values
for §5(HOMO-1)*, 1y, Fo(LUMO+1)* and S)(LUMO+2)*; and with high values for

Fs(HOMO-1)*, F,(LUMO+1)*, F,(HOMO-1)*. As in the case of Eq. 1, the variation of the

inhibitory replication capacity is orbital-contret [85]. The fundamental reason for this fact & tlving beings are
the result of hundreds of millions of years of esmn. During that time recognition mechanisms hageome very
specific and complex to protect the organisms fitieir chemical environment. Otherwise, any new rmale
appearing may disrupt the chemical/biochemical ggses of the host and kill it. Table 7 presentd#iailed local
molecular orbital structure of atoms 17-19 (see BigNomenclature: Molecule (HOMO) / (HOMO-2)* (HGDA
1)* (HOMO)*-(LUMO)* (LUMO+1)* (LUMO+2)%)).

Table 7. Local Molecular Orbital Structure of Atoms 17-19

Mol. Atom 17 (C) Atom 18 (=0) Atom 19 (-O-)

17 (97) 86905925-981991100t 92193r967-98199 100t 881905692n-98:101t1 06t

18 (93) 8m860885-94195196r 88t89192r-94n95197n 86588n89n-94977101x

19 (106) 969851005-107c108t110n 101r1027105t-10771087110r | 98n100n101n-10710t115
20 (109) | 10%10251045-110c111x112¢ | 104t105t1087-1107111c112¢ | 10:102n104n-1191122113n
21 (97) 87881905-98n99101n 90r95196m-98n99 101 87188190n-98:101x105n

22 (100) | 82926950-101r102t104t 95196n98r-10171021104r 92n95n9@-101r102t1 04

23 (105) | 9%9851005-106r1071108n 981103t104r-106t1077108t 96n97198n-106:108t113t

24 (89) 81825855-90n9 1193 85n86n88n-90n91n93n 79182n85n-9@93n97n

25 (93) 8%860885-94195197r 88t89192r-94n95197n 83t86n88n-9497198n

26 (93) 86:88589%-94195197n 88t89192n-94n9519 7 88n89n92-94n971101n

27 (97) 8%906925-981991101n 9192r196m-98r99101n 89790n92n- 9@101x105¢

28 (101) | 93946975-102r103t105¢ 9419 7198r-10271031105r¢ 94n97n98-102t105t106¢

29 (104) | 929651015-105t1077109 100t1017103t-10511077109% | 93r96n101n-1051097113c
30 (104) | 9%97699-105t106n107n 99100t102r-105t106t1 08t 97n99n102-1051108t112¢
31 (97) 8%900925-987991100t 90r95196m-98r100r101n 88t89190n-98:100t101x

32 (97) 8%900925-981991100t 92193r196m-98199 100t 89190n92n-98100:101x
33(97) 8%906936-981991101n 93194n96m-98199101n 89190n93n-9810 1105t

34 (93) 84:86089-94195197r 86n89192-94t9519 7 84786n89n-94977101n

35 (93) 84:850885-94n95n97n 88t89192n-94n9519 7 85n88n89n-9497r1101n

37 (97) 8%905915-98199 100k 92194n96n-98n99 100t 88t89n90n-98100t105

38 (96) 8&895915-97198199 91194n95r-97r1100r 103t 86n87189n-9%100t104

39 (97) 8%906925-981991100t 92193r967-98199 100t 90n92n96-98r100t105¢

40 (101) | 93945960-102r103r104rn 94n96n97n-10211031104r 94n96n9&-102t1047109%

41 (106) 9%9801015-1072108r111x 100t10171027-1071108t111n | 97798n101n-10#111x115¢
42 (109) | 10%10251045-110c111x112¢ | 104t105t1077-110n111c112¢ | 102n104n107-110c113c117n
43 (101) | 93945960-1021103r104rn 94r96n98r-1021103r104r 94n96n9&-102t104710%

44 (109) | 10%10251040-110c112r116r | 101w1027104r-110r1127117 | 10I102n104n-11911221171

We can see thaB( HOMO-1)* and (HOMO-1);* are ofs nature. A low value forS5,( HOMO-1)* can

be obtained by reducing the corresponding Fukugxndby lowering the corresponding MO eigenvaludwiboth
procedures. If we consider that tlisMO has a non-deformable electron density (in caispa withn MOs), and
that it is located very far from the molecular HOM@e suggest that a low electron density of this f@rs the
approach of an occupiedMO that is acting as an electron donor.

A low value for (4 (atom 19 is the OH oxygen), which is a negative bem suggests that the HOM®

LUMO¢* mid-point should be shifted to lower energies &or optimal activity. This is in agreement with flaet
that HOMQy* is located well below the molecular HOMO. Thig, turn, indicates that atom 19 is not acting as an
electron donor. Now, if it acts as an electron-ptoe center, it is probably through an H-bond withless

electronegative atom of the partner (for exampigpgen or sulphur). A small value df,,(LUMO+1)* (a=
MO) indicates that only (LUMQy* participates in this interaction. Note from Tabilethat in only one case
(LUMO+1),¢* coincides with the molecular (LUMO+1). A high wa for F;(HOMO-1)* (an MO), together
with the fact that (HOMQ)* is also ar MO, indicates that atom 18 acts as an electrorodtirough its two
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highest occupied local MOs. These results andpné¢ations are in agreement with the fact thatG®H moiety

is totally necessary for the inhibitory capacity\6&V replication to be manifest. Now, considerirtgras 17-19
together, it also possible to suggest that theyhirtig involved in a-n stacking-like interaction. The method used
here is unable to distinguish between these twsibpitiies. When the COOH moiety is coplanar wille taromatic
ring it can adopt only two conformations, one retaby 180 with respect to the other. In the fully optimized
geometries, in some cases the COOH group adoptsanriermation and in others the other. The internédtion
barrier of the ring-COOH system is low, allowingthbha@onformations. We cannot assert with certainhatthe
exact orientation of the COOH group is during iiteeraction with a partner. In fact, the only impmtt datum is the
initial COOH orientation in the molecules when trag added to the biological system to measure ithiebitory
effect. In the case of molecule 37, the COOH amdaifomatic moieties are not coplanar due to theduottion of a
methyl group. In molecule 38 the GHinking atoms 8 and 12 also breaks the aromati©8Q@oplanarity. A high

value forF;(LUMO+1)*, a = MO, indicates that this atom acts as an electomeftor center, through

LUMO ¥ and (LUMO+1)5*. A high value for F,,(HOMO-1)* indicates that atom 15 acts as an electron donor
through HOMQs* and (HOMO-1)s*. Given the proximity of atoms 13 and 15, and ttiety belong to the same
conjugated system, it is possible that both pai in an-n stacking interaction with the partner. A low valioe

%Nz( LUMO+ 2)* (arn MO) suggests that atom 22 is acting as an eleecgeptor but only through LUMS.

All these suggestions are depicted in the two-dsimral (2D) partial inhibition pharmacophore showrfig. 15.
The appearance of atom 22 is a good demonstrdtainring D (see Fig. 3) is interacting with an extite that is
unavailable to group A of molecules. Note that pharmacophores for groups A and B do not show ipetitle
elements between them.

ELECTRON-
DONOR
CENTER

by
19
18 O OH

17

ELECTRON-
X DONOR
CENTER
/
N

ELECTRON- l ©
DONOR
CENTER ELECTRON-
ACCEPTOR
CENTER

Figure 15. Partial 2D anti-VSV replication pharmacghore for group B
CONCLUSION
High quality relationships between electronic dtmoe and inhibition of VSV replication have beertabed for a

group of 4-quinolinecarboxylic acid analogues. iitebitory capacity is orbital-controlled. One gmaf molecules
seems to interact with an additional site. Suggastare made to improve the inhibitory potency.
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