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ABSTRACT 
 
A study relating electronic/molecular structure with anti HIV-1 IIIB activity of a group of Etravirine-VRX-480773 
hybrids was carried out. A statistically significant relationship was found (n=20, adj-R²= 0.88, F(5,14)= 29.943 
(p<0.000001), SEE= of 0.19). The corresponding two-dimensional pharmacophore was built. From the analysis of 
the results we propose two new molecules for experimental testing. 
 
Keywords: QSAR, DFT, HIV-1, local molecular orbitals, electronic structure, orientational effects, cytophatic 
effects. 
____________________________________________________________________________________________ 
 

INTRODUCTION 
 
The human immunodeficiency virus (HIV) is a member of the genus Lentivirus, part of the family Retroviridae. It is 
the causal agent of HIV infection and acquired immunodeficiency syndrome (AIDS). Several pharmacological 
approaches have been employed to combat the HIV-1 infection. One of the favorite targets in this fight is the reverse 
transcriptase enzyme controlling the replication of the HIV genetic material. A group of drugs with antiretroviral 
activity are the non-nucleoside reverse-transcriptase inhibitors (see for example [1-23] and references therein). Two 
examples are Etravirine (approved for use in humans by the 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 cytotoxicity of a series of molecules constituted by a combination of parts the 
of Etravirine and VRX-480773 molecules was published (for some compounds the inhibitory activity against wild 
type HIV-1 reverse transcriptase was also reported) [3]. As in earlier works we carried out studies with different sets 
of molecules for HIV-1 reverse transcriptase inhibition, protection against cytopathic effects, cytostatic effects, 
HIV-1 replication and HIV-1 integrase enzyme inhibition and antiviral activity [24-27]. No formal relationships 
between the electronic structure and any biological activity of these molecules are known. With the aim of 
producing new knowledge about these molecular systems, we present here the results of a Density Functional 
Theory analysis relating several local atomic reactivity indices of the aforementioned molecules with anti HIV-1 
activity.  
 
METHODS, MODELS AND CALCULATIONS 
Given that the model-based method employed here (the Klopman-Peradejordi-Gómez method, KPG, [28]) has been 
extensively explained and discussed in many publications, we refer the reader to the literature [24, 29-35]. The 
central feature of the model is that links any biological activity to a set of local atomic indices (LARIs) representing 
chemical reactivity. This set is augmented with the orientational parameters of the substituents. The application of 
the KPG model has given very good results when applied to very different groups of molecules and biological 
activities (see [27, 36-50] and references therein). In this paper we shall discuss only the LARIs appearing in the 
results. 
 
The anti-HIV activity of the compounds was taken from the literature [3]. This activity was estimated against the 
wild-type HIV-1 IIIB strain in MT-4 cell cultures using the MTT method and was expressed as the effective 
concentration necessary to protect the cell against viral cytopathicity by 50% (EC50). MT-4 is a human T cell 
leukemia virus (HTLV-1) transformed human T cell sensitive to the cytophatic effects of HIV-1. Figure 2 and Table 
1 show the selected molecules. As far as we know, the action mechanism and the site where these molecules exert 
their activity leading to cytophatic protection are not known. 
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Figure 2. Etravirine-VRX-480773 hybrids 
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Table 1. Etravirine-VRX-480773 hybrids and biological activity 
 

Mol. R log(EC50) III B 
1 3-F 0.91 
2 4-F 0.90 
3 2-Cl -0.62 
4 3-Cl 0.90 
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-NO2 -0.47 
11 3-NO2 1.61 
12 4-NO2 0.15 
13 4-CN 0.63 
14 2-F,4-CN 0.78 
15 4-SO2NH2 0.90 
16 2-Me 0.77 
17 4-Me 0.71 
18 2-Me, 4-SO2NH2 -0.09 
19 4-OMe 0.86 
20 4-OH 0.92 

 
We worked within the usual common skeleton proposal, accepting that the variation of the numerical values of a 
group of reactivity indices belonging to a group of atoms common to all the molecules analyzed accounts for almost 
all the variation of the biological activity. The effect of the substituents comprises the modification of the electronic 
structure of this common skeleton and/or the influence on the correct placement of the drug (through the 
orientational parameters). The common skeleton is presented in Fig. 3 together with the atom numbering employed 
in the resulting equations. 
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Figure 3. Numbering used for the common skeleton etravirine-VRX-480773 hybrids 
 
All molecular geometries were fully optimized at the B3LYP/6-31G(d,p) level of theory with the Gaussian package 
[51]. From the corrected Mulliken Population Analysis results the numerical values for all electronic local atomic 
reactivity indices (LARIS) were calculated [52]. The D-CENT-QSAR software was used [53]. Orientational 
parameters were calculated with the STERIC software [54]. Since the system of linear equations cannot be solved 
because the number of molecules is smaller than the number of unknown coefficients, linear multiple regression 
analysis (LMRA) was carried out. The Statistica software was used [55]. 
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RESULTS 
 

The best equation obtained was: 
 

50 2 26 4 27

26

log( ) 3.59 0.01 0.53 0.0012 0.019 ( 2)*

0.69 ( 2)*

NEC S LUMO

F HOMO

φ η φ= − − − + + −
− −

         (1) 

 
with n=20, R= 0.96, R²= 0.91, adj-R²= 0.88, F(5,14)= 29.943 (p<0.000001) and a standard error of estimate of 0.19. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here, 2φ  is the orientational effect of the R2 

substituent, 26η is the local atomic hardness of atom 26, 4φ  is the orientational effect of the R4 substituent, 

27( 2)*NS LUMO+ is the nucleophilic superdelocalizability of the third lowest vacant MO localized on atom 27 

and 26( 2)*F HOMO− is the Fukui index of the third highest occupied MO localized on atom 26. Table 2 

displays the beta coefficients and the results of the t-test for significance of coefficients of Eq. 1. Table 3 shows the 
squared correlation coefficients for the variables appearing in Eq. 1. We can observe that there are no significant 

internal correlations. Fig. 4 displays the plot of observed vs. calculated 50log(EC ) values. The associated 

statistical parameters of Eq. 1 indicate that this equation is statistically significant and that the variation of the 
numerical value of a group of five local atomic reactivity indices explains about 88% of the variation of the anti-
HIV activity. 
 

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

 
Beta t(14) p-level 

2φ  -1.13 -11.06 <0.000001 

26η  -0.61 -5.46 <0.00008 

4φ  -0.32 -3.93 <0.001 

27( 2)*NS LUMO+  0.38 34.00 <0.001 

26( 2)*F HOMO−  -0.24 -2.66 <0.02 

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

 

 2φ  26η  4φ  27( 2)*NS LUMO+  

26η  0.32 1 
  

4φ  0.03 0.03 1 
 

27( 2)*NS LUMO+  0.01 0.17 0.05 1 

26( 2)*F HOMO−  0.0004 0.10 0.04 0.16 
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Figure 4. Observed vs. calculated ( )50log EC  values (Eq. 1). Dashed lines denote the 95% confidence interval 

 
LOCAL MOLECULAR ORBITALS 
Table 4 shows the local molecular orbital structure of some atoms appearing in the Eq. 1 (Reading: Molecule’s 
number (HOMO)/ (HOMO-2)*, (HOMO-1)*, (HOMO)*- (LUMO)*, (LUMO+1)*, (LUMO+2)*) [31]. 
 

Table 4. Local molecular orbital structure of atoms 26 and 27 
 

Mol. Atom 26 (C) Atom 27 (C) 
1 (106) 104π105π106π-110π111π112π 96π97π103π-107π108π115π 
2 (106) 98π102π106π-110π111π112π 96π 97π104π-108π115π117π 
3 (110) 108π109π110π-114π116π117σ 100π101π107π-111π112π120π 
4 (110) 108π109π110π-114π115π116π 100π108π109π-112π114π120π 
5 (110) 102π106π110π-114π115π 117π 99π100π108π-112π120π122π 
6 (118) 115π117π118π-121π122π123π 107π108π116π-119π120π129π 
7 (118) 109π114π118π-120π121π122π 108π116π117π-120π122π129π 
8 (118) 116π117σ118π-121π122π123π 106π107π115π-119π120π129π 
9 (119) 111π115π119π-123π124π125π 108π109π117π-121π129π131π 
10 (113) 111π112π113π-114π116π117π 103π106π111π-115π116π117π 
11 (113) 110π112π113π-114π118π119π 102π112π113π-116π117π118π 
12 (113) 109π112σ113π-119π120π121π 100π101π111π-116π123π125π 
13 (108) 100π104π108π-111π114π116π 97π 98π106π-109π110π111π 
14 (112) 110π111π112π-113π117π120σ 103π105π111π-115π116π123π 
15 (122) 118π121σ122π-125π126π128π 108π109π120π-123π124π132π 
16 (106) 104σ105π106π-111π112π113π 96π97π103π-107π108π115π 
17 (106) 104π105σ106π-110π112π113π 96π97π104π-108π115π117π 
18 (126) 123π125σ126π-129π130π132π 111π112π124π-127π128π136π 
19 (110) 106π107π110π-114π115π116π 100π101π108π-112π113π119π 
20 (106) 102π103π106π-110π112π113π 96π97π104π-108π109π115π 

 
DISCUSSION 

 

The beta values (Table 2) specify that the importance of the variables is 2φ  >>  26η  >> 27( 2)*NS LUMO+  > 

4φ > 26( 2)*F HOMO− . A variable-by-variable (VbV) analysis of Eq. 1 indicates that a high protection against 

the cytopathic effects is associated with high values of 2φ , 26η , 4φ  and 26( 2)*F HOMO− . Atom 26 is a carbon 

in ring C (Fig. 2). Table 4 shows that almost all the three highest occupied and the three lowest vacant local MOs 

have a π nature. A high anti cytopathic effect is associated with a low numerical value of26( 2)*F HOMO− . This 

indicates that (HOMO-2)26
* is engaged in a repulsive interaction with one or more occupied MOs of the site. If this 

is true, then this atom seems to be interacting with an electron deficient center through its first two highest occupied 
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MOs. The interaction could be stronger if these two MOs have a π nature. Note that in several molecules the local 

LUMO* does not coincide with the molecular LUMO. 26η  is the local atomic hardness of atom 26 (the 

(HOMO)26
*-(LUMO)26

*  distance), and it is always a positive number. Considering that 26η  has a high statistical 

significance, and that high numerical values of this index are required for a high protection against the cytopathic 
effects, the optimal situation occurs when the local (LUMO)* is energetically far from the molecular LUMO. Atom 
27 is a carbon of the CN substituent in ring A. Table 4 shows that all the three highest occupied and the three lowest 
vacant local MOs have a π nature. A high anti cytopathic effect is associated with a low numerical value of 

27( 2)*NS LUMO+  is the numerical value of this index is negative. To obtain higher negative values, we must 

shift upwards the associated eigenvalue. This, in turn, makes this MO less reactive. The same reasoning holds for 

the case of positive values of27( 2)*NS LUMO+ . We suggest that this atom is interacting with an electron rich 

center through its first two lowest vacant MOs. 
 

Regarding the orientational effects, Table 2 shows that 2φ  has a very high statistically significance. Both, 2φ  

and 4φ , are positive numbers and should have high values for optimal anti cytophatic effects. Is this statement is 

true, then compounds having R2= R4= Br or NO2 substituents are good candidates for experimental testing. All the 
above suggestions are contained in the partial two-dimensional (2D) pharmacophore of Fig. 5. 
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Figure 5. Partial 2D pharmacophore for anti cytopathic effects 
 
We expected that the variation of the nature of the R2-R5 substituents produces some changes in the electronic 
structure of rings A and B and the chain linking ring B with ring C (because of the appearance of new MOs). Only 
one statistically significant atomic reactivity index belonging to these regions appears in Eq. 1. We must stress that 
the partial 2D pharmacophore contains only those variables explaining the variation of the biological activity. 
Therefore, all variables participating in the molecule-site interaction that are not statistically significant do not 
appear in Eq. 1. This is the weak side of this procedure. 
 
Some words about the philosophical basis of the work presented here seem important. The DFT calculations provide 
us with data that can be considered as given despite the fact that it was produced within a model structured on the 
basis of a group of ideas about the structure of the molecular systems (for example, the MO representation). The 
data is transformed in information encoded in each one of the local atomic reactivity indices (and the orientational 
effect). This information is inserted in a physically-based model relating structure with activity to obtain a partial 
model of a certain level of the physical reality. In this case, reality is represented by the partial pharmacophore. If 
the pharmacophore is more or less correct, then we have a tool to be employed for the generation of new knowledge 
(new molecules with enhanced or diminished activity). On the other hand, there is a problem with the Molecular 
Orbitals themselves. It is well known that the Hartree-Fock (HF) wave function is invariant under any unitary 
transformation carried out on the canonical MOs. Among all possible unitary transformations, the chemists’ taste 
likes the ones leading, for example, to natural bond orbitals (NBO, corresponding to the Lewis structure 
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representation of the molecule describing localized electrons in bonds and lone pairs). But this directed choice 
leaves the main problem unsolved and many people embrace fiercely the idea that molecular orbitals have no 
physical meaning because they do not exist and therefore they cannot be observed [56-62]. If we accept that 
quantum chemistry is a genuine child of quantum mechanics we must add that molecular orbitals are not quantum-
mechanical observables. But the molecular orbitals, canonical or localized, occupied or empty, have shown beyond 
all reasonable doubt that they serve to explain a great variety of chemical phenomena. The alert reader surely noted 
that in this and earlier papers we employed canonical MOs and that the results relating several kinds of structures 
with activity are very good (we employed DFT results instead of HF ones, but it must be remembered that the Kohn 
and Sham density functional approach is also an orbital-based method). He or she probably also noted that we used 
the term “vacant” (empty) to refer to the resulting MOs having no electrons, instead of “virtual”. Sometimes we 
have proposed interactions between vacant MOs [63, 64], as if they were there. Another point of view has been 
proposed by Labarca and Lombardi by asking the question: what privilege does quantum mechanics carries for 
becoming the clue witness about what exists and does not exist in the world? [65]. They conclude that orbitals exist 
in the ontology of molecular chemistry, in spite of the fact that they do not exist in the quantum world. As Lombardi 
suggested, the conceptual breakdown or discontinuity between quantum mechanics and quantum chemistry seems to 
occur with the Born-Oppenheimer approximation and with the concept of molecular orbitals [66]. If this is the case, 
then there are no formal reasons preventing the direct or indirect visualization of molecular orbitals. 
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