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ABSTRACT

We have studied the relationships between the reldct structure and the antiviral activity agaitdtN1,
enterovirus 71 and Coxsackie B3 pathogens. The &ioaic reactivity indices were obtained at the_LBB/6-31G (d,p)
level. For two of them (coxsackievirus B3 and H1Ng obtained statistically significant equationsttihed to the
correponding pharmacophores displaying atomic ghas can be sustituted to obtain molecules endowi¢idl higher
inhibitory activity. The results for enterovirus &lrongly suggest that the molecules seem to hawee rthan one

mechanism of action.
KEYWORDS: H1N1, Enterovirus, Coxsackievirus, QSAR, DFT, lefhiza
INTRODUCTION

Influenza A (H1N1) virus is the subtype of influen& virus that was the most common cause of humidureinza
in 2009 and is associated with the 1918 outbreak kiled 50 to 100 million people. Enterovirus {@V71) is a virus
notable for its etiological role in epidemics ofveee neurological maladies in children. EV71 ocoaally causes
polio-like syndrome permanent paralysis. CoxsaBldénas been found to be one of the chief causssmé weakening or
life-threatening maladies, such as viral myocasdiieveral groups of molecules acting again thatieogens have been
synthezised and tested (see for example [1-13]).

One of the dreams of a quantum pharmacologisteiofiportunity to study a set of molecules havingartban
one biological action or having a biological effemt different systems. Recently, a group of of pire-1,3-thiazine
hybrid analogues was synthezised and tested agafhsnza A (H1N1) virus, enterovirus 71 (EV71lhdacoxsackievirus
B3 (CVB3) [14]. Given the importance of finding neomolecular agents able to combat these pathogengresente here
the results of the application of a formal methelditing the electronic structure with the biolodjiaetivity for a group of
molecules displaying activity against the threevamoentioned viruses. of the paper should explainrtature of the
problem, previous work, purpose, and the contrisutdf the paper. The contents of each section neaprbvided to
understand easily about the paper.
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METHODS, MODELS AND CALCULATIONS

As the method employed here has been widely disdussmany publications, we refer the reader tditheature
[15-21]. Its application to molecule-site bindingnstants and to other biological activities hasdpod excellent results
[22-49] (and references therein). Therefore, well stiscuss here only the results obtaines from application.
The selected molecules are shown in Figure 1 ardeTh The biological activities analyzed here (€ab) are the
inhibition of the virus-induced cytopathic effe@RE) in Madin—Darby canine kidney cells infectedhvthe HIN1 virus

(expressed as k), and the inhibitory activity against Enterovird$ (EV71), expressed assffand coxsackievirus B3

(CVB3, expressed as i)

Table 1: Pyrazine-1, 3-Thiazine Hybrid Analogues ad Biological Activities
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Figure 1: Pyrazine-1, 3-Thiazine Hybrid Analogues

log(ICsq) | log(ICsq) | log(ICsq
LNk I9|(1N1 ) 25/71 ) g\(/B3 )
1 3a | H | H H | 152 1.19 1.29
2 3b | H H | OMe| 1.05 0.73 1.15
3 3c | H | OMe| H 0.96 0.96 1.05
4 3d | OMe| H H 0.73 1.25 1.48
5 3¢ | H| H| Me| 131 1.05 1.28
6 3t | H | Me| H 1.23 0.95 0.92
7 3g | Me| H H 1.27 0.35 0.80
8 3h | H H | OH| 1.38 1.26 1.46
9 3i| H| OH| H 1.47 121 1.44
10 3 | OH| H H 1.50 0.39 1.34
11 3k | H H | NO | 1.60 1.55 1.26
12 3 | H | NG| H 1.65 1.59 1.28
13 | 3m| NQ | H H 1.62 0.82 0.95
14 3n| H | H | Cl 1.73 1.55 1.48
15 30| H| c| H 1.76 1.69 1.59
16 3p| Cl| H H 1.73 1.74 151
17 3| H | H F 1.94 1.29 153
18 3ar | H F H 1.97 1.20 1.37
19 3s | F H W — 1.38 1.62

The electronic structure of all molecules was dated within the Density Functional Theory (DFT) the
B3LYP/6-31g(d,p) level with full geometry optimizan [50]. The Gaussian suite of programs was u&dd. [All the
information needed to calculate numerical valugsttie local atomic reactivity indices was obtairfeain the Gaussian
results with the D-Cent-QSAR software [52]. All tekectron populations smaller than or equal to @ @dere considered
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as zero [19]. Negative electron populations confiogn Mulliken Population Analysis were corrected @sual [53].

Orientational parameters were taken from the liteea[54, 55]. Since the resolution of the systdnirear equations is
not possible because we have not enough molecwiesnade use of Linear Multiple Regression Analy&iBIRA)

techniques to find the best solution. For each,caseatrix containing the dependent variable (Gu1Cs,) of each case)
and the local atomic reactivity indices of all akof the common skeleton (see below) as independeiables was built.
The Statistica software was used for LMRA [56]. Werked with the common skeleton hypothesis statiiag there is a
definite collection of atoms, common to all molexsilanalyzed, that accounts for nearly all the lgickd activity [18].

The action of the substituents consists in modifytine electronic structure of the common skeletod iafluencing the
right alignment of the drug throughout the orieiataél parameters. It is hypothesized that diffeygants or this common
skeleton accounts for almost all the interacticzeding to the expression of a given biologicalvégti The common

skeleton for this case is shown in Figure 2.
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Figure 2: Common Skeleton Numbering
RESULTS

Results for the Inhibition of the Virus-Induced Cytopathic Effect in Madin—Darby Canine Kidney Cells Infected
with the HIN1 Virus

The best equation obtained is:

log(IC,,)=2.07+0.098 (LUMO+2)*-1.39F (HOMO)2+1.13F,(LUMO+2)*-

-1.07E, (HOMO-2)*+0.81F (LUMO+2)* a

With n=16, R=0.98, R2=0.97, adj-R2=0.95, F (5, £#38.53 (p<0.000001) and a Std. error of estimat6.07.
No outliers were detected and no residuals fallsidet the +3 limits. Here, $,(LUMO+2)* is the nucleophilic
superdelocalizability of the third lowest empty M@alized on atom 11,3 HOMO-2)* is the Fukui index of the third
highest occupied MO localized on atom 134(IEUMO+2)* is the Fukui index of the third lowest @ty MO localized on
atom 16, l(HOMO-2)* is the Fukui index of the third highestaupied MO localized on atom 18 ang(EUMO+2)* is
the Fukui index of the third lowest empty MO loealil on atom 10. Tables 2 and 3 show the beta cieffs, the results
of the t-test for significance of coefficients athet matrix of squared correlation coefficients floe variables of Eq. 1.
There are no significant internal correlations kestw independent variables (Table 3). Figure 3 ayspkhe plot of

observeds. calculated log (16p).
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Table 2: Beta Coefficients and t-Test for Significace of Coefficients in Eq. 1

Variable Beta | t(10) p-level
S, (LUMO+2)* | 0.88 | 10.95| <0.000001
F3(HOMO-2)* -0.37 | -5.38 <0.0003

Fi(LUMO+2)* | 056 | 7.86 | <0.00001
Fis(HOMO-2)* | -0.27 | -3.94| <0.003
Fi(LUMO+2)* | 0.16 | 2.74 <0.02

Table 3: Matrix of Squared Correlation Coefficientsfor the Variables in Eq. 1

SI(LUMO+2)* | F3(HOMO-2)* | Fig(LUMO+2)* | Fio(HOMO-2)*
F3(HOMO-2)* 0.20 1
F1g(LUMO+2)* 0.22 0.05 1
F1o(HOMO-2)* 0.03 0.05 0.06 1
Fi(LUMO+2)* 0.01 0.02 0.02 0.01
2.2
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Figure 3: Plot of PredictedVs. Observed Log (IGg) Values (Eqg. 1).
Dashed Lines Denote the 95% Confidence Interval
The associated statistical parameters of Eq. catelithat this equation is statistically significamd that the
variation of the numerical values of a group ofefilbcal atomic reactivity indices of atoms of themnon skeleton
explains about 95% of the variation of log {4)C Figure 3, spanning about 1.4 orders of magnjtstiews that there is a

good correlation of observesrsus calculated values.
Results for the Inhibition of Enterovirus 71 (EV71)

The best equation obtained is:

Iog(IC50)2—49.83+0.23§ (LUMO+2)*—0.00E§§ (LUNM+2)*-84.71Q @
With n=19, R=0.96, R2=0.92, Adj-R2=0.91, F (3, ¥59.932 (p<0.000001) and a Std. error of estimi@ 1.

No outliers were detected and no residuals fallsidet the +3 limits. Here, $,(LUMO+2)* is the nucleophilic

superdelocalizability of the third lowest empty M@calized on atom 24, ;$'(LUMO+2)* is the nucleophilic

superdelocalizability of the third lowest empty Nt§galized on atom 13 and;§Js the net charge of atom 19. Tables 4 and

5 show the beta coefficients, the results of thest-for significance of coefficients and the matf squared correlation
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coefficients for the variables of Eq. 2. There ae significant internal correlations between indefent variables

(Table 7). Figure 4 displays the plot of observedtalculated log (1).

Table 4: Beta Coefficients and t-Test for Significace of Coefficients in Eq. 2

Variable Beta | t(15) p-level
S (LUMO+2)* | 0.73 | 9.78 | <0.000000
S (LUMO+2)* | -0.56 | -7.30 | <0.000003
Qo -0.25 | -3.22 <0.006
Table 5: Matrix of Squared Correlation Coefficientsfor the Variables in Eq. 2
S/ (LUMO+2)* | SN (LUMO+2)*
Siz (LUMO+2)* 0.05 1
Qo 0.05 0.11
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Figure 4: Plot of PredictedVs. Observed Log (IGg) Values (Eg. 2).
Dashed Lines Denote the 95% Confidence Interval
The associated statistical parameters of Eq. Zatelithat this equation is statistically significamd that the
variation of the numerical values of a group ofethilocal atomic reactivity indices of atoms of ttemmon skeleton
explains about 91% of the variation of log {J)C Figure 4, spanning about 1.3 orders of magnjtstiews that there is a

good correlation of observesrsus calculated values.
Results for the Inhibition of Coxsackievirus B3 (C\B3)

The best equation obtained is:

log(IC,,)=57.98+0.40§ (HOMO-2)*-1.1QF (LUMC*-0.10S., (LUMO+1)*-

-4.84Q, +125.91Q +0.28Q (3)

With n=19, R=0.97 R2=0.94, adj-R2=0.91, F(6,12)629. (p<0.00001) and a Std. error of estimate o7.0Nb
outliers were detected and no residuals fall oetside +2 limits. Here, $~ (HOMO-2)* is the electrophilic
superdelocalizability of the third highest occupM® localized on atom 18,;F(LUMO+2)* is the Fukui index of the

third lowest empty MO localized on atom 17%,S(LUMO+1)* is the nucleophilic superdelocalizabjliof the second
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lowest MO localized on atom 24,£Js the net charge of atom 16; @ the net charge of atom 2 ang, @ the net charge
of atom 14. Tables 6 and 7 show the beta coeffisje¢he results of the t-test for significance oéfficients and the matrix
of squared correlation coefficients for the varéablof Eq. 3. There are no significant internal elations between

independent variables (Table 7). Figure 5 dispthgplot of observeds. calculated log (16).

Table 6: Beta Coefficients and t-Test for Significace of Coefficients in Eq. 3

Variable Beta | 1(12) | p-level
S (HOMO-2)* | 0.55| 6.16] <0.00004
F(LUMO+2)* | -0.63| -6.85| <0.00002
S,/ (LUMO+1)* | -0.46 | -5.46] <0.0001

Q16 -0.36| -3.40 <0.005
Q. 0.40 | 3.66] <0.003
Qu 0.21| 2.23 <0.05

Table 7: Matrix of Squared Correlation Coefficientsfor the Variables in Eq. 3

Sie (HOMO-2)* | F1o(LUMO+2)* [ S, (LUMO+1)* | Q6 | Qo
Fi,(LUMO+2)* 0.04 1
SZ4N(LUMO+1)* 0.04 0.11 1
Q16 0.14 0.31 0.23 1
Q> 0.20 0.12 0.13 0.31 1
Q14 0.00 0.00 0.08 0.10 0.2b
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Figure 5: Plot of PredictedVs. Observed Log (IGg) Values (Eg. 3).
Dashed Lines Denote the 95% Confidence Interval
The associated statistical parameters of Eq. Iatelithat this equation is statistically significamd that the
variation of the numerical values of a group of kigal atomic reactivity indices of atoms of thenwoon skeleton
explains about 91% of the variation of log {J)C Figure 5, spanning about 0.8 orders of magnjtstiews that there is a
good correlation of observesrsus calculated values.
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LOCAL MOLECULAR ORBITALS

TABLES 8 TO 10 SHOW THE LOCALMO STRUCTURE OF ATOMS2-4,10-13,16-18,20, 23 AND 24 (SEE FIGURE 2).
NOMENCLATURE: MOLECULE (HOMO)/ (HOMO-2)* (HOMO-1)* (HOMO)* - (LUMO)* (LUMO+1)* (LUMO+2)*.

Table 8: Local Molecular Orbitals of Atoms 2, 3, 4and 10

Mol. Atom 2 Atom 3 Atom 4 Atom 10
1(82) 80081682c- 79%800816- 800816825- | 80n81n82n-
83184185n 83n85187n 83184n87n 83084n86n
2(90) 851861880- 85186m880- 88089090c- | 88t89n90n-
91n92193n 91n92193n 91192195n 91n92194n
3(90) 86m87588c- 86187588c- 88089590c- | 88589m90r-
91792193n 91n92193n 91192195n 91n92194n
4(90) 86m87588c- 86187588c- 87588590c- | 88589m90r-
91n92193n 91n92193n 91n92193n 91n92193n
5(86) 84c8505860- 830840850- 840850860- | 84085086m-
87188189 87188189 87188191n 87188190n
6(86) 830840860- 821836840- 840850860- | 84n85r86m-
87188n89n 87188189 87188n91n 87n88r90n
7(86) 8306840860- 82183684c- 8406850860- | 84n85rn86m-
87188n89n 87n88r 89 87188t 89t | 87r88r 89
8(86) 81182n84c- 81n82n84c- 8406850860- | 84n85rn86m-
87188n89n 87188189 87188n91n 87188rn91n
9(86) 82183684c- 82183684c- 8406850860- | 84n85rn86m-
87188n89n 87188189 87n88n91n 87188190n
10(86) 8306840860- 82183684c- 830840860- | 84n85rn86m-
87188n89n 87188189 87188n89n 87188n8%
11(93) 916926936- 90r916926- 916926936- | 90n91n93n-
95196n97n 951961971 951961100t | 95796m97n
12(93) 91692693c- 90n916926- 916926936- | 90n91793n-
95196n97n 95196n97n 95196n97n 95196n97n
13(93) 91192693c- 90n91n926- 911926936- | 91n92r936-
95196n97n 95196n97n 95196197 95196n97n
14(90) 880689590c- 87188589- 88089590c- | 88189r90n-
91792193n 91n93195n 91792193n 91n92194n
15(90) 880689590c- 87588589- 88089090c- | 88t89n90n-
91792193n 91193195n 91n92193n 91n92194n
16(90) 88589590c- 87188589- 88089090c- | 87n89190n-
91n92193n 91n92193n 91192196n 91192194n
17(86) 84c8505860- 831840850- 840850860- | 84085n86m-
87188n89n 87n89191n 87n88n91n 87188rn91n
18(86) 846850860- 835846850- 8408506860- | 84085086m-
87r188n89n 87189190n 87188n91n 87n88r90n
19(86) 845850860- 83184585c- 8406850860- | 84n85rn86m-
87188n89n 87188189 87n88n92n 87n88r90n
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Table 9: Local Molecular Orbitals of Atoms 11, 1213 and 16

Mol. Atom 11 Atom 12 Atom 13 Atom 16
1(82) 76677682n- | 77679582n- | 80n81n82rn- | 80n81n82r-
83n 84185 | 83w 84n85r | 83r 84n85r | 86m90n91n
2(90) 88189n90n- | 88189 90r- | 87n89n90r- | 88r89r90n-
91n92193n | 91n92193n | 92793rn94n | 94n98r99%n
3(90) 86n89n90rn- | 87t8990r- | 87n88590rn- | 87n88589n-
91792793n | 91n92193r | 91n92793r | 93n94n95r
4(90) 88189190rn- | 8818990r- | 88r89n90r- | 88r89r90n-
91792793n | 91n92n93r | 92793194n | 93n95r96mw
5(86) 82n83rn86n- | 83n85086n- | 83n85186n- | 84n85n86m-
87n88n89n | 87n88189n | 87n88189n | 90n94n95r
6(86) 81682n86n- | 83n85186n- | 84n85186n- | 83n84n85m-
87n88n89t | 87n88189n | 87n88189nr | 8990n4n
7(86) 82n83n86mn- | 83n85086n- | 84n85186n- | 84n85n86m-
87n88n89t | 87n88189r | 88r8990r | 8990n91x
8(86) 84n85n86m- | 84n85186mn- | 84n85186n- | 84n85n86m-
87n88n89t | 87n88189n | 88r8990r | 90n91n95r
9(86) 82n85n86m- | 83n85186n- | 83n84n86n- | 83n84n85m-
87188189t | 87188189 | 87rn88r89r | 89190rn91n
10(86) 84n85n86n- | 84n85186m- | 84n85n86n- | 84n85n86m-
87188189t | 87188189t | 88r89n90r | 89r90rn91n
11(93) 91n92193n- | 90692193~ | 91792n93r- | 89909 1n-
94795196n | 94n95196n | 94n97n98r | 94n95r96n
12(93) 91n92193n- | 90692193~ | 91792n93r- | 89909 1n-
94795196n | 94n95196n | 94n95n96r | 94n95r96n
13(93) 91n92193n- | 90692193~ | 89790n91n- | 88r89r90n-
94795196n | 94n95196n | 94n95796r | 94n98r99%n
14(90) 850687rn90n- | 860688190n- | 88r89n90r- | 88r89r90n-
91792793n | 91n92193r | 91n92793r | 93n94n95r
15(90) 85688190n- | 85688190n- | 88r8990n- | 87n88rn89r-
91792n93r | 91n92193r | 91n92793r | 93n94n97c
16(90) 860687190n- | 86688r90r- | 87e8990n- | 88189 90r-
91792793n | 91n92193r | 91n92793r | 92r93n94n
17(86) 81683n86n- | 82684n86n- | 84n85186n- | 84n85n86m-
87n88n89t | 87n88189n | 87n88189n | 90n91n94n
18(86) 81684n86n- | 83n84n86mn- | 84n85186n- | 83n84n85m-
87n88n89t | 87n88189n | 87n88189 | 8990n91x
19(86) 820683n86n- | 82684n86n- | 83nr85186n- | 84n85n86m-
87n88n89t | 87n88189n | 87788189 | 8990n91x

Table 10: Local Molecular Orbitals of Atoms 17, 1820 and 24

Atom 17 Atom 18 Atom 20 Atom 23 Atom 24
1(82) 7980n82r- 80n81n82r- 78579%806- 506526536- 6306467 76-
84185n86n 83n84n85n 836956960 8758858% 890906910
2(90) 87n89m90r- 87n89190r- 845860886- 556566590- 616700850-
92193rn94n 91792793n 9161040105 956966976 9769859%
3(90) 838%90r- 88r189190r- 846860876- 536546606- 700846850-
92193rn94n 91792793n 9161046105 946956960 9769859%
4(90) 88r189190r- 88r89190r- 866876886- 556576606- 7007168506~
93194795n 91792793n 9161046105 926946960 9769859%
5(86) 84185n86m- 83n85n86m- 82683084c- 50652654c- 5766668 1c-
88189190n 87188189 87699%100 916926936 936946950
6(86) 83185r86m- 84185r86m- 80682683c- 50652654c- 660667681c-
88189190n 87188189 87699%100 916926936 936946950
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Table 10: Contd
7(86) 83184n85m- 84185r86m- 82683084c- 5265506560- 660667681c-
89190n91n 87188189 87699%101c 885906926 936946950
8(86) 83185r86m- 82185r86m- 80682684c- 516536540- 61667681c-
88189190n 87188189 8761005101c 916926936 936946950
9(86) 760585r86m- 84185r86m- 82683084c- 5265506576- 67680681c-
88189190n 87188189 87610051016 906916926 936946950
10(86) 84185r86m- 84185r86m- 80683084c- 526536576- 67669581c-
89190r91n 87n88n89n 87699%100 885900926 936946950
11(93) 87n88rn89r- 91792r193n- 906916926- 57659%60c- 706726876~
94797198n 94797198n 9561076108 96699100 10161025103
12(93) 88n89193n- 91792r193r- 906916926- 576616636- 656706726~
94798199 94795r96n 9561076108 98599100 10161025103
13(93) 88r89190r- 90n91n93r- 906916926- 59616636- 706726876~
94795196n 94795r96n 9561076108 95699100 10161025103
14(90) 87n89190r- 88r89190r- 846876886- 566580616- 700846850-
91792193n 91792793n 91610351040 956966980 98599%100
15(90) 88r89190r- 87n89190r- 87588589- 556560586- 626700840-
91792193n 91792193n 91610361040 9569606986 98599100
16(90) 87n88r89r- 87n89190r- 84587588c- 58560070c- 660700860-
93r94197c 91792193n 9161046105 926956960 98599100
17(86) 83185r86m- 84n185r86m- 800683084c- 536560580- 67680681c-
88189190n 87188189 87699%100 916926936 936946950
18(86) 84185r86m- 84185r86m- 82683084c- 526536576- 67680681c-
88189190n 87188189 87699%100 906916926 936946950
19(86) 83184n85m- 83185r86m- 800683084c- 5265365706- 67669581c-
89190n91n 87188189 87699%100 906916926 936946950
DISCUSSIONS

A Egquations 1-3 show that there is a linear refediop between the variation of the biological pmype
(log (ICs)) and the variation of the numerical values oféirdte set of local atomic reactivity indices.the following we

shall discuss case by case.

Discussion of the results for the inhibition of thevirus-induced cytopathic effect in Madin—Darby carine

kidney cells infected with the H1N1 virus.

Table 2 shows that the importance of variables m E is S (LUMO+2)*>> Fyg (LUMO+2)*> F,
(HOMO-2)*> Fig (HOMO-2)*> Fp (LUMO+2)*. Eqg. 1 shows that a high inhibitory agty is associated with large
numerical values for H{HOMO-2)* and kg (HOMO-2)*, and with small numerical values fofgRLUMO+2)* and F,
(LUMO+2)*. As S,V (LUMO+2)* is negative, then a high inhibitory adty is associated with large numerical values for
this index. Atom 11 is a carbon in ring A (Figure @ UMO) 1.*, (LUMO+1),,* and (LUMO+2),* arexr MOs (Table 9).
Large negative values for, 8 (LUMO+2)* are obtained by shifting upwards the (U®+2),,* eigenvalue. Therefore, a
good inhibitory activity is associated with emptyOd with low reactivity. This suggests that atomid interacting as an
electron donor. Atom 16 is a carbon in ring C (Feg@). (LUMO+2)¢*, (LUMO+1).¢* and (LUMO)¢* have ar nature
(Table 9). From Table 9 we can observe that (LUMQJoes not coincide with the molecule’s LUMO. Asoav value for
F1s (LUMO+2)* is associated with a high inhibitory adty, a molecule with its five or six lowest empMOs are not

localized on atom 16 will be a good candidate. Huiggests that atom 16 is interacting as an electomor. Atom 3 is a
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carbon in ring A (Figure 2). Large numerical valugfs F;(HOMO-2)* are associated with high inhibitory adty
(let us remember that the values of the Fukui iesliare in the [0,2] interval). Table 8 shows thHdOMO-2)*,
(HOMO-1)* and (HOMO)3* haver or ¢ natures. This is a direct effect of the isopropybstituent. The only way to
integrate these facts is by suggesting that atarould interact with two sites, one havinglOs and the othes MOs.
Atom 18 is a carbon in ring C (Fig. 2). Large nuitarvalues for Iz (HOMO-2)* are associated with a high inhibitory
activity. (HOMO-2)¢*, (HOMO-1),¢* and (HOMO)g* have ar nature (Table 10). This suggests that atom 18tiagas
an electron donor. Atom 10 is nitrogen in ring Bg(FFe 2). A high inhibitory activity is associatedth small numerical
values for lp (LUMO+2)*. Almost all (LUMO) 1¢* have an nature, all (LUMO+1)* have ar nature and almost all
(LUMO+1),0* have arn nature (Table 8). In quantum-chemical calculatiohg€omplex molecules like these ones, it is
unavoidable that one or more empty MOs be localmethis atom. In this case we suggest the idé@tsdn is when the
lowest empty local MOs do not correspond to thedsivempty MOs of the molecule. Regarding this paing suggested
that quantum-chemical calculations be made witfedihit substituents at position 12 (Figure 2) tareine their effects on
the localization of the empty MOs on atom 10. Witthie framework, it seems that atom 10 is actingraslectron donor.

All the suggestions are displayed in the partial@armacophore of Figure 6.

( )

H\\N/,H
ELECTRON
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Figure 6: Partial 2D Pharmacophore for the Inhibition of the Virus-Induced Cytopathic Effect in
Madin—Darby Canine Kidney Cells Infected with the HLN1 Virus

Discussion of the Results for the Inhibition of Engrovirus 71 (EV71)

Figure 4 shows that several points are outside98% confidence interval. A possible explanatiorthat an
unknown factor has not been considered. Therefoesfollowing analysis must be taken with cautidable 4 shows that
the importance of variables in Eq. 2 ig"'LUMO+2)*> S;5" (LUMO+2)*>> Q,o A high inhibitory activity is associated
with a low negative net charge on atom 19. Af'SLUMO+2)* is positive, a high inhibitory activitjs associated with
small numerical values for this index. If35 (LUMO+2)* is positive, a high activity is assoaat with large numerical
values. Atom 19 is the nitrogen of the Négroup attached to ring B. The requirement of a fegative net charge can be
understood by suggesting that this atom is paetoig in a hydrogen bond of the form N-H...X, whetés an atom less
electronegative that N or it is participating in ldrbond acceptor through its lone pairs. Atom 24éng of the hydrogen
atoms bonded to the abovementioned,jkbup. Table 10 shows, as expected, that all dedugnd empty local MOs are
very far from the molecule’s frontier MOs. All théyave ac nature (Table 10). Small positive numerical valtms

S, (LUMO+2)* are associated with a high inhibitory iaity. Low values are obtained by moving upwards émergy of
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the associated eigenvalue, making this MO lesstiveacThe plot of & (LUMO)* vs. log (ICs)) (not shown) shows the
same trend. The only explanation we have for tfiests is that this H atom is facing a region withpty c MOs and it is
engaged in a repulsive interaction with them (zdextrons). Atom 13 is the carbon in ring C (FigRyeA high inhibitory
activity is associated with large positive valué$g" (LUMO+2)*. Table 9 shows that the three lowest &yripcal MOs
have ar nature. Large positive values are obtained bytiehifdownwards the energy of the correspondingreigkie,
making this MO more reactive. Therefore, we sugdhat atom 13 seems to act as an electron accefiothe

suggestions are displayed in the partial 2D phaopiaare of Figure 7.

( )

ELECTRON
ACCEPTOR

REPULSIVE
INTERACTION
WITH EMPTY
SIGMA MOs (?)

Figure 7: Partial 2D Pharmacophore for the Inhibition of Enterovirus 71

We have stated that “it is important to stress thathypothesis covers multi-step (for examplethia n-th step
molecules must cross a pore) and multimechanifsticekample, to cross the pore molecules mustasteronsecutively
with j unknown sites) processe3herefore it seems logical to state that a necessary condition to obtain good
structure-activity relationships is that all the steps and all the mechanisms inside each step must be the same for all the
group of molecules under study”. It seems that for this case the results sugtiestall the molecules have not the same

action mechanism.
Discussion of the Results for the Inhibition of Cogackievirus B3 (CVB3)

Table 6 shows that the importance of variables in B is R; (LUMO+2)*> S;& (HOMO-2)*> S,
(LUMO+1)*> Qo> Qi> Quu. The analysis of Eq. 3 shows that a high inhilyiactivity is associated with large values for
Fiz (LUMO+2)* large negative values for ;& (HOMO-2)* large positive values for ,8 (LUMO+1)*
(if the numerical values of this index are positjiveegative values for £and Q,, and with positive values for,Q Atom
17 is a carbon in ring C (Figure 2). Table 10 shiived the three lowest empty local MOs haverature in all molecules.
As a high inhibitory capacity is associated wittglvalues for | (LUMO+2)*, it is suggested that this atom is agtis
an electron acceptor. Atom 18 is a carbon in rin@iQure 2). Table 10 shows that the three higbestpied local MOs
have an nature. Large negative values forgS(HOMO-2)* are obtained by shifting upwards the myyeof the
corresponding eigenvalue, making this MO more meactThis suggests that atom 18 is acting as actrele donor.
Atom 24 is hydrogen (Figure 2). Table 10 shows #iaMOs have a nature. For positive values 0§, (LUMO+1)* a
high inhibitory activity is associated with largalues for this index. Large values are obtainedhifting downwards the
energy of the associated eigenvalue, making thisrMi@e reactive. This means that this hydrogen asoparticipating in

a H-bond of the N...H...X kind. Atom 2 is a carbon ing A (Figure 2). A high inhibitory activity is agsiated with a
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negative net charge. The data employed in LMRA shtivat atom 2 has a net charge of about -0.4. Tdverét is
suggested that atom 4 is engaged in an electo#tédraction with a counterpart having a positied charge. Atom 16 is
a carbon in ring C (Figure 2). A high inhibitorypeeity is associated with positive values for i charge. The analysis
of the numerical values in the data matrix shoved the net charge of this atom is close to zer@x¥)0n all molecules.
Therefore a substitution producing positive netrgha should help to enhance activity. This sugge®ts atom 16 is
facing a negatively charged group. Atom 14 is daarin ring C (Figure 2). A high inhibitory actiyiis associated with
negative values for its net charge. Almost net gbsrare negative in the data matrix employed forMEAR
(one net charge is positive). Therefore we sugfpastatom 14 is facing a positively charged graAlpthe suggestions are
displayed in the partial 2D pharmacophore of Figire
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Figure 8: Partial 2D Pharmacophore for the Inhibition Coxsackievirus B3

In quantum chemical calculations many times sorgeraialues of empty MOs are negative. This is tlsae
why in our analysis we always stated thédr“a positive value of SM(MO) a high activity is associated with”, etc.

The reader will easily verify that for negative was$ the analysis is exactly the same.
CONCLUSIONS

In conclusion, we have obtained at least two siadilty significant equations relating the variatiof the
inhibitory activity against coxsackievirus B3 and.Mil virus with the variation of the values of défnlocal atomic
indices of a common skeleton. The results for Envieus 71 suggest that all the molecules studieé de not seem to

have the same mechanism of action against thimgath
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