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ABSTRACT

A study relating electronic/molecular structure twanti HIV-1 11IB activity of a group of Etravirin®RX-480773
hybrids was carried out. A statistically significarelationship was found (n=20, adj-R2= 0.88, F(&)Z 29.943
(p<0.000001), SEE= of 0.19). The corresponding timensional pharmacophore was built. From the asialpf
the results we propose two new molecules for exparial testing.

Keywords: QSAR, DFT, HIV-1, local molecular orbitals, elemtic structure, orientational effects, cytophatic
effects.

INTRODUCTION

The human immunodeficiency virus (HIV) is a membEthe genud.entivirus part of the familyRetroviridae It is
the causal agent of HIV infection and acquired impueficiency syndrome (AlIDS)Several pharmacological
approaches have been employed to combat the HiWettion. One of the favorite targets in this fighthe reverse
transcriptase enzyme controlling the replicatiorthed HIV genetic materialA group of drugs with antiretroviral
activity are the non-nucleoside reverse-transcsgiahibitors (see for example [1-23] and refersriberein). Two
examples are Etravirine (approved for use in hunbgrtte US FDA in 2008) and VRX-480773 (Fig. 1).
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Figure 1. Etravirine (TMC-125, left) and VRX-480773(right)
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Recently, the anti-HIV-1 activity and cytotoxicibf a series of molecules constituted by a combinatif parts the
of Etravirine and VRX-480773 molecules was publif@r some compounds the inhibitory activity agaiwild

type HIV-1 reverse transcriptase was also repoftddAs in earlier works we carried out studieshwilifferent sets
of molecules for HIV-1 reverse transcriptase intiiioi, protection against cytopathic effects, cyatist effects,
HIV-1 replication and HIV-1 integrase enzyme inkiitm and antiviral activity [24-27]. No formal relanships
between the electronic structure and any biologamivity of these molecules are known. With then aof

producing new knowledge about these molecular Bysteve present here the results of a Density Fomati
Theory analysis relating several local atomic redgtindices of the aforementioned molecules wattti HIV-1

activity.

METHODS, MODELS AND CALCULATIONS

Given that the model-based method employed heeeKtbpman-Peradejordi-Gémez method, KPG, [28]) theesn
extensively explained and discussed in many puidics, we refer the reader to the literature [24,38]. The
central feature of the model is that links any bjital activity to a set of local atomic indicesARIS) representing
chemical reactivity. This set is augmented with dhientational parameters of the substituents. apyaication of
the KPG model has given very good results wheniegpgb very different groups of molecules and bjital

activities (see [27, 36-50] and references ther@im}his paper we shall discuss only the LARIs egng in the
results.

The anti-HIV activity of the compounds was takeanirthe literature [3]. This activity was estimaiaghinst the

wild-type HIV-1 lllg strain in MT-4 cell cultures using the MTT methadd was expressed as the effective

concentration necessary to protect the cell agaimat cytopathicity by 50% (E&). MT-4 is a human T cell
leukemia virus (HTLV-1) transformed human T celhsiéive to the cytophatic effects of HIV-1. Figi2eand Table
1 show the selected molecules. As far as we knlogvattion mechanism and the site where these meteenert
their activity leading to cytophatic protection ai@ known.
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Figure 2. Etravirine-VRX-480773 hybrids
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Table 1. Etravirine-VRX-480773 hybrids and biologial activity

Mol. R log(EGy) lls
1 3-F 0.91
2 4-F 0.90
3 2-Cl -0.62
4 3Cl 0.9C
5 4-Cl 0.59
6 2,4-Di-Cl 0.08
7 3,4-Di-Cl 0.72
8 3,5-Di-Cl 1.03
9 4-Br 0.15
10 2-NO, -0.47
11 3-NO, 1.61
12 4-NQ 0.15
13 4-CN 0.63
14 2-F,4-CN 0.78
15 4-SQNH, 0.90
16 2-Me 0.77
17 4-Me 0.71
18 2-Me, 4-SGNH, -0.09
19 4-OMe 0.86
20 4-OH 0.92

We worked within the usual common skeleton proposetepting that the variation of the numericauesl of a
group of reactivity indices belonging to a groupatdms common to all the molecules analyzed acedontalmost
all the variation of the biological activity. Théfect of the substituents comprises the modifigatdd the electronic
structure of this common skeleton and/or the infliee on the correct placement of the drug (throug t
orientational parameters). The common skeletomdsgnted in Fig. 3 together with the atom numbeemgployed
in the resulting equations.

\ J

Figure 3. Numbering used for the common skeleton etvirine-VRX-480773 hybrids

All molecular geometries were fully optimized aetB3LYP/6-31G(d,p) level of theory with the Gausspmckage
[51]. From the corrected Mulliken Population Anasysesults the numerical values for all electrdoical atomic
reactivity indices (LARIS) were calculated [52]. 8D-CENT-QSAR software was used [53]. Orientational
parameters were calculated with the STERIC softed¢ Since the system of linear equations careosolved
because the number of molecules is smaller thamtingber of unknown coefficients, linear multipleyression
analysis (LMRA) was carried out. The Statisticawafe was used [55].
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RESULTS

The best equation obtained was:

log(EC,,) = 3.59- 0.0, — 0.58,,~ 0.0012+ 0.0%8, LUMO+ 2) 1)
-0.69F,, HOMO- 2)*

with n=20, R= 0.96, R?= 0.91, adj-R2= 0.88, F(57129.943 (p<0.000001) and a standard error of es&iraf 0.19.
No outliers were detected and no residuals fakidetthe +2 limits. Here, ¢, is the orientational effect of the;R

substituent, /], is the local atomic hardness of atom 2B, is the orientational effect of the,Rsubstituent,
%'\‘7( LUMO+ 2) *is the nucleophilic superdelocalizability of therthlowest vacant MO localized on atom 27

and F,,(HOMO-2)*is the Fukui index of the third highest occupied Nti2alized on atom 26. Table 2

displays the beta coefficients and the resultdeftitest for significance of coefficients of Eq.Thble 3 shows the
squared correlation coefficients for the varialdepearing in Eq. 1. We can observe that there arsignificant

internal correlations. Fig. 4 displays the plot afservedvs. calculated |Og(EC50) values. The associated

statistical parameters of Eq. 1 indicate that #gsiation is statistically significant and that theriation of the
numerical value of a group of five local atomicatedty indices explains about 88% of the variatiohthe anti-
HIV activity.

Table 2. Beta coefficients and t-test for signifiaace of coefficients in Eq. 1

Beta [t(14) | p-level

@ -1.13|-11.0€/<0.00000:1
,726 -0.61|-5.46 | <0.00008
@1 -0.32/-3.93 | <0.001

SY(LUMO+2)* |0.38 34.00 <0.001
F,s(HOMO-2)* -0.24|-2.66 |<0.02

Table 3. Matrix of squared correlation coefficientsfor the variables in Eq. 1

@ |y @ | SH(LUMO+2)*

112 032 | 1

@, 0.03 | 0.03| 1
SY(LUMO+2)* | 0.01 | 0.17/0.05 1
F,s(HOMO-2)* 10.00040.10 |0.04 0.16
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Figure 4. Observedvs. calculated Iog( ECSO) values (Eq. 1). Dashed lines denote the 95% cordiace interval
LOCAL MOLECULAR ORBITALS

Table 4 shows the local molecular orbital structofesome atoms appearing in the Eq. 1 (Readingeboé’s
number (HOMO)/ (HOMO-2)*, (HOMO-1)*, (HOMO)*- (LUMQ¥, (LUMO+1)*, (LUMO+2)*) [31].

Table 4. Local molecular orbital structure of atoms26 and 27

Mol. Atom 26 (C) Atom 27 (C)

1 (106) 104105t1061-110t111n112t | 96n97r103t-107210811 150

2 (106) 9&10271067-110t111x112x 96r 9711041-108t115t11 71
3(110 | 10811091110t-1141116n117% | 100c101x107n-11101122120c
4 (110 1081109t1107-1147115t1167 | 100t108t1097-11211142120c
5(110) 1021061110t-1142115t 117 | 99100rt108t-1122120t122
6 (118) 11%11711181-1212122t123t | 1072108t116n-119120t129%
7 (118) 109114t118t-120c121n122t | 108c116n1177-12001220129¢
8 (118) 1161176118t-121n1227123t | 106110711151-119%120n129%
9 (119) 112115t119%-12311241125t | 108t1091177-121n129131n
10 (113) | 11%1120113c-114n1161117t | 103c106111in-115c116n11 70
11 (113)| 11@1127113c-1147118c119% | 102c112r113r-116n1172118
12 (113)| 1081125113t-119120n121n | 100r101n11in-116n123c125¢
13 (108) | 108104t108t-111n114n116t | 97r 9811067-109t110c111n
14 (112) | 118111x1127-113r117701205 | 103c105t111n-115c1 160123
15 (122) | 1181216122t-1251126n128t | 108t109120n-123t124t132¢
16 (106) | 10410511061-111n112r113t | 96n97rn103t-10721081115¢
17 (106) | 1041055106t-110c1127113c | 96m9711047-108t115n117n
18 (126) | 12812551261-129130n132t | 11Ir11211247-127128c1360
19 (110)| 106107t110t-114e115t116t | 100t101n108t-112c113c119e
20 (106) | 102103t1067-110t112t113t | 96n971104t-108t109115¢

DISCUSSION

The beta values (Table 2) specify that the impaxtaof the variables igg >> /77, >> Sh(LUMO+2)* >

@ > F,s(HOMO-2)*.
the cytopathic effects is associated with high ealof@ ,/77,,, @ andF,;(HOMO-2)*. Atom 26 is a carbon
in ring C (Fig. 2). Table 4 shows that almost h# three highest occupied and the three lowesinvdoeal MOs

have ar nature. A high anti cytopathic effect is assocatéth a low numerical value &f,,(HOMO-2)*. This

indicates that (HOMO-2) is engaged in a repulsive interaction with onenore occupied MOs of the site. If this
is true, then this atom seems to be interacting wit electron deficient center through its first taghest occupied

A variable-by-variable (VbV) analysis of Eq. ldinates that a high protection against
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MOs. The interaction could be stronger if these M©Os have ar nature. Note that in several molecules the local
LUMO* does not coincide with the molecular LUMQ},, is the local atomic hardness of atom 26 (the

(HOMO),6 -(LUMO),¢ distance), and it is always a positive number. SiiBring that/],, has a high statistical

significance, and that high numerical values of thidex are required for a high protection agathetcytopathic
effects, the optimal situation occurs when the llgceIMO)* is energetically far from the moleculatuMO. Atom

27 is a carbon of the CN substituent in ring A. [€abshows that all the three highest occupiedtaedhree lowest
vacant local MOs have a nature. A high anti cytopathic effect is assodatéth a low numerical value of

%'\‘7( LUMO+ 2)* is the numerical value of this index is negatiVe. obtain higher negative values, we must
shift upwards the associated eigenvalue. Thisuiin,tmakes this MO less reactive. The same reagdroids for
the case of positive values 83“7( LUMO+ 2)*. We suggest that this atom is interacting witheggctron rich
center through its first two lowest vacant MOs.

Regarding the orientational effects, Table 2 shtlved ¢3 has a very high statistically significance. Bot,

andgj, , are positive numbers and should have high valoiesptimal anti cytophatic effects. Is this stathis

true, then compounds having=RR,= Br or NG, substituents are good candidates for experiméestihg. All the
above suggestions are contained in the partialdwensional (2D) pharmacophore of Fig. 5.

s N
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27C

ELECTRON
DEFICIENT
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o

B
\E/N H Br, NO,

Figure 5. Partial 2D pharmacophore for anti cytopahic effects

—Z

We expected that the variation of the nature of RadRs substituents produces some changes in the eléctron
structure of rings A and B and the chain linkinggriB with ring C (because of the appearance of K&g). Only
one statistically significant atomic reactivity exbelonging to these regions appears in Eq. 1mdf& stress that
the partial 2D pharmacophore contains only thosgabkes explaining the variation of the biologicattivity.
Therefore, all variables participating in the molleesite interaction that are not statisticallynsfigant do not
appear in Eqg. 1. This is the weak side of this pdoce.

Some words about the philosophical basis of the&kyoesented here seem important. The DFT calculsfiwovide
us withdatathat can be consideres givendespite the fact that it was produced within a ed@tructured on the
basis of a group of ideas about the structure efrtlolecular systems (for example, the MO repretien)a The
data is transformed imformationencoded in each one of the local atomic reactivitices (and the orientational
effect). Thisinformationis inserted in ghysically-based modeklating structure with activity to obtain a patti
model of a certain level of the physical reality.this caseteality is represented by the partial pharmacophore. If
the pharmacophore is more or less correct, thehave aool to be employed for the generationnafw knowledge
(new molecules with enhanced or diminished actjvi@n the other hand, there is a problem with thaddular
Orbitals themselves. It is well known that the lHsetFock (HF) wave function is invariant under amjtary
transformation carried out on the canonical MOs.ofAm all possible unitary transformations, the cleghitaste
likes the ones leading, for example, to natural doanbitals (NBO, corresponding to the Lewis stroetu
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representation of the molecule describing localieéttrons in bonds and lone pairs). But tllisected choice
leaves the main problem unsolved and many peoplerasra fiercely the idea that molecular orbitals ehao
physical meaning because they do not exist andefibrer they cannot be observed [56-62]. If we acthpt
quantum chemistry is a genuine child of quantumhaeics we must add that molecular orbitals aregmantum-
mechanical observables. But the molecular orbitadapnical or localized, occupied or empty, havenshbeyond
all reasonable doubt that they serve to explaireatgrariety of chemical phenomena. The alert neadesly noted
that in this and earlier papers we employed cambmitOs and that the results relating several kiofdstructures
with activity are very good (we employed DFT restiftstead of HF ones, but it must be rememberddhikakohn
and Sham density functional approach is also anabtiased method). He or she probably also ndiatiwe used
the term Vacant (empty) to refer to the resulting MOs having Heatrons, instead ofvirtual”. Sometimes we
have proposed interactions between vacant MOsg6RB,as if they were thereAnother point of view has been
proposed by Labarca and Lombardi by asking the tmuresvhat privilege does quantum mechanics carries for
becoming the clue witness about what exists and dotexist in the world65]. They conclude thairbitals exist
in the ontology of molecular chemistry, in spiteha fact that they do not exist in the quantumldvoks Lombardi
suggested, the conceptual breakdown or disconyibeitween guantum mechanics and quantum chememsto
occur with the Born-Oppenheimer approximation aritth e concept of molecular orbitals [66]. If thésthe case,
then there are no formal reasons preventing thleedar indirect visualization of molecular orbitals
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