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Abstract. Lipophilicity or hydrophobicity is a crucial physico-chemical property of an oral drug compound. In the present study, we have analysed the structural parameters responsible for enhancing the
lipophilicity expressed in terms of Octanol–Water partition coefficient, log P, of 2-amino-6-arylsulfonylbenzonitrile (AASBN) derivatives used as NNRTIs in AIDS therapy. Connectivity based Randic (χ) and
Balaban (J) and atomistic Kier–Hall electrotopological state (E-state) indices have been used to develop
Quantitative Structure–Property Relationship (QSPR) and to predict the effect of substitution on the
log P. Model has been developed using multiple linear regression analysis (MLR) for the training set (67
compounds) and the model was tested on a test set (7 compounds). Significant results were obtained for
the training set (R2 = 0⋅948, R2adj = 0⋅939, SE = 0⋅177, F-ratio = 101⋅22). The results of the test set too implicated a good fit (R2 = 0⋅941, R2adj = 0⋅929, SE = 0⋅157, F-ratio = 80⋅05). Among the two connectivity
based topological indices; Randic (χ) index showed better predictive ability than the Balaban (J) index.
Kier–Hall E-state indices indicated that among the functional groups, methyl, bromo, chloro groups on
ring A, with their positive coefficients enhanced the lipophilicity. Amino, cyano group on ring B and the
bridging S, SO, SO2 with their negative coefficients showed an adverse effect on the lipophilicity parameter. Thus, Kier–Hall E-state indices along with topological indices could be well applied for deriving
QSPR models and analysing substitution effects of various functional groups. The training set, correlation
matrix and observed and experimental log P values are available as supplementary material for this article.
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1.

Introduction

Acquired immunodeficiency syndrome (AIDS) is a
pandemic disease, whose etiologic agent is human
immunodeficiency virus type-1 (HIV-1). The causative agent of AIDS, infects the cells of the immune
system leading to destruction of the host immunity,
generally the CD-4 helper T-cells. There are three
types of viral enzymes related to HIV namely: HIVprotease, HIV-integrase and HIV-reverse transcriptase.1–3 The reverse transcriptase enzyme is an important target for the development of selective inhibitors.
The HIV reverse transcriptase inhibitors are of two
types: nucleoside reverse transcriptase inhibitors
*For correspondence

(NRTIs) and non nucleoside reverse transcriptase
inhibitors (NNRTIs). The safety, selectivity and high
potency of NNRTIs have made them more important
in the field of drug research as compared to NRTIs.4
Structurally diverse NNRTIs such as hydroxyethoxyphenylthiothymine (HEPT),5 qinoxaline derivatives (efavirenz),6 α-anilinophenylacetamide (α-APA)
derivatives,7 2′,5′-bis(O-(tert-butyldimethylsilyl)-3′spiro-5″-(4″-amino-1″,2″-oxathiole-2″,2″-dioxide) pyrimidine (TSAO) derivatives,8 bis(heteroaryl)piperazine
derivatives (BHAP) (Delavirdine),9 dipyridodiazepinone (Nevirapine),10 tetrahydroimidazobenzodiazepinone
(TIBO),11
phenylethylthioureathiazole
12
(PETT), have been reported in literature and out of
these Nevirapine, Delavirdine and Efavirenz have
been approved for the treatment of HIV-1 infection.
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The NRTIs act at the catalytic site of HIV–RT by
terminating the DNA synthesis13 while NNRTIs inhibit the enzyme non-competitively to a site adjacent
to deoxyribonucleoside triphosphate binding site of
the enzyme.14–16 This adjacent site is approximately
10 Å away from the catalytic site. The rapid development of drug resistance and mutation occurs, thus
reducing the effectivity of NNRTIs to a large extent.17 Also, it is well known that the side chain and
the backbone of the residues surrounding the active site
pocket, adjust to each bound drug in a common
fashion. Thus, this viral protein is able to accommodate inhibitors of different chemical structures.
NNRTIs of a new ring system containing AASBN
derivatives have been found to effectively inhibit the
replication of a variety of HIV-1 strains at the reverse
transcriptase step.18 Therefore, the present work has
been performed with the aims of deriving the QSPR
and understanding the effects of substitution of various
functional groups of these AASBN derivatives with
the help of topological indices and electro-topological
indices on their lipophilicity. These relationships are
mathematical models that enable the prediction of
properties and/or activities from the structural parameters. It is worthwhile to mention that the graphs
here consist of one and the same cycle; they differ in
the acyclic part only.
Mathematical encoding of the molecules according to their structural features has been used here.
Transformation of a chemical structure into a mathematical graph makes it possible to express the
chemical structure of these compounds by a single
number and can be achieved in different ways.19–22
It appears that among many topological indices23–36
that have been proposed, the Randic connectivity
index (χ)31 introduced by Randic and the Balaban
index (J)37 introduced by Balaban, are the most
widely used indices in QSAR as well as QSPR studies. An E-state index is a structure descriptor for an
atom within a covalently bonded molecule. The advantage of E-state indices is that they can be used
directly as a single number molecular descriptor in
QSAR/QSPR studies.
The present study has been performed with the
aim of obtaining information about the structural
characteristics responsible for enhancing the octanolwater partition coefficient (logP) of this class of
compounds i.e. to understand the effect of substitution on their lipophilicity. Also the study is aimed at
determining QSPR of HIV-1 NNRTIs for the class
of AASBN derivatives.18

2.

Materials and methods

In the present work, 74 compounds of 2-amino-6arylsulfonylbenzonitriles18 are taken and Randic,31
Balaban37 indices (topological indices) and for understanding the substitution effect electro-topological
indices are correlated with lipophilicity log P. Connectivity based Randic and Balaban indices were
calculated using in-house built program. E-state indices for various functional groups were calculated
using e-calc.45 Multiple linear regression analysis
was performed using systat regression software ver.
11.0.44 Firstly, a correlation matrix was derived from
the program and then regression analyses were performed.
2.1 Methodology
2.1a Topological indices used: Two connectivity
based topological indices namely, Randic connectivity index (χ)31 and Balaban index (J)37 are well
presented in literature. Therefore they will be described here rather briefly.
The Randic connectivity index (χ).31–33 The connectivity index, χ = χ (G) of G is defined as
1

.

χ R = ∑ [δ i δ j ]−0 5

(1)

where δi and δj are the valencies of vertices i and j,
equal to the number of bonds connected to the atoms
i and j in G, representing the graph of a compound.
The Balaban index (J)37. The Balaban index J = J(G)
of G is defined as:

J = [b /( μ + 1)∑ (δ iδ k ) −1/ 2 ,

(2)

i−k

where b is number of bonds in G, μ is the cyclomatic
number of G and δi and δk (i or k = 1, 2, 3, N; is the
number of vertices in G) are the distance sums. The
cytomatic number μ = μ(G) of a polycyclic graph G
is equal to the minimum number of edges necessary to
be erased from G in order to transform it into the related to acyclic subgraph. In the case of monocyclic
graph μ = 1.
2.1b Kier–Hall electrotopological state (E-state)
indices38–43: A molecule is represented with a hydro-
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gen-suppressed graph (i.e. a chemical graph) in
which the atoms are identified as elements with certain valence states. The sigma bonds are represented
by dimensionless connection between the atoms. The
ingredients in the chemical graph are: (a) presence
of an atom (b) valance state of an atom and (c) degree of adjacency. From these ingredients, we may
create a parameter reflecting the electronic and topological state of an atom in the chemical graph.
Quantitatively, the topological attribute may be accomplished by using the degree of adjacency, which
is equal to the count of sigma electrons contributed
by an atom in the chemical graph known as δ. To
give primary atom the largest value of degree of adjacency, it is convenient to reciprocate the δ value
(i.e. 1/δ). The electronic attribute of an atom in a
chemical graph must also be encoded into an index
with the help of information about the number of pi,
sigma and lone-pair of electrons associated with each
atom. In addition to these, attribute related to the interactions taking place between atoms within a
molecule is interpreted in terms of electronegativity
of an atom. The difference between the number of
valence electrons and the number of sigma electrons
in an atom is known as Kier–Hall electronegativity.
The valence electron count on an atom in a chemical
graph is designated by δv, which is equal to the
count of valence electrons contributed by an atom in
a molecule (Zv) minus the count of hydrogen atoms
on that atom (H), thus Zv – H = δv. Kier–Hall electronegativity is given by δv – δ, where, δ = sigma
electrons, δv = sigma + pi + lone-pair electrons and
δv – δ = pi + lone pair electron.
This expression provides a way of enumerating
the relative structure of an atom in a chemical graph
and renders information regarding the potential of
both intramolecular as well as intermolecular phenomena.
Intrinsic state of an atom in a chemical graph is
shown by the formula:
I=

δ v +1
.
δ

(3)

The intrinsic state of an atom in a chemical graph reflects its electronic and topological attributes in the
absence of interaction with rest of the molecule.
The E-state of an atom is explicitly given by the
sum of its I-state value and the values of all the perturbing terms due to the remaining atoms in the
molecule.
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Mathematically E-state for the ith atom is given by
the expression
Si = I i + ∑ j ΔI ij ,

(4)

where the summation is over all the other atoms in a
molecule.
Sum of the molecule’s E-state values is equal to
the sum of its I-state values.

∑ Si = ∑ I i .
i

(5)

i

Hence the sum depends only on the number and the
type of atoms in a molecule and not on their mutual
interactions.
3.

Results and discussion

All the 67 chemical structures, taken as the training
set, of 2-amino-6-arylsulfonylbenzonitrile derivatives are illustrated (see supplementary material 1).
It also records the value of graph theoretical descriptors (J, χ) and Kier–Hall electrotopological state indices (ENH2, ES, ESO, ESO2, ECH3, EOCH3, ETCN, ECl,
EBr) of AASBN analogs. The respective octanolwater partition coefficient, logP values, the position
of the substituents (R and R′) on the benzene ring
where R′ represents the S/SO/SO2 group bridging
the two aromatic rings and R represents various substituents attached to the benzene ring A, are also recorded in it.
The correlation matrix for the correlation of log P
with the earlier mentioned structural descriptors (topological indices) and Electrotopological descriptors
of AASBN derivatives are shown (see supplementary material 2).
A perusal of the correlation matrix showed that in
the case of univariate correlation, among the topological indices, Balaban index (J) showed better correlation potential as compared to Randic index (χ).
But among the E-state indices ES showed best correlation potential while ECH3 showed poorest correlation potential. The ECN and EBr were capable of
predicting the log P value to similar extent, though
ECN gave slightly better result than EBr. The order of
correlation for the value of E-state indices and topological indices from univariate correlation matrix
showed the following order:
ES > J > ESO2 > ESO > ECl > χ >
ECN > EBr > ENH2 > ECH3.
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A QSPR model was generated using the aforementioned parameters for understanding the effect of
substitution as well as the connectivity and following equation was obtained:
log P = 0.370( ± 0.047)χ − 1.898
( ± 0.353)J − 2.234( ± 0.423)E NH 2 −
0.505( ±0.364) ES − 0.202( ±0.045) ESO −
0.109( ±0.022) ESO 2 − 0.830(±0.220) ETCN + (6)
0.319(±0.034) ECH 3 + 0.132( ±0.010) ECl +
0.303( ±0.021) EBr + 26.422

n = 66, R = 0⋅974, R2 = 0⋅948, R2adj = 0⋅939, SE = 0⋅177,
F-ratio = 101⋅22, outlier = Comp. 65.
The quality of the model was considered as statistically satisfactory on the basis of the above mentioned results. In the aforementioned equation,
connectivity based Randic index showed a high
positive coefficient where as Balaban index showed
a high negative coefficient. But in the case of Estate indices a high positive coefficient for ECH3 indicates that the presence of CH3 group will have an
enhancing effect on the logP value. Among the halo
substitutents, high positive coefficient for Br as
compared to Cl shows that, a bulky and less elcetronegative halogen substitutent will have an enhancing
effect on the lipophilicity. A high negative coefficient for ENH2 and ECN indicates that the presence of
nucleophilic groups such as NH2 and CN on ring B
will adversely affect the octanol–water partition coefficient. As far as bridging groups are concerned,
the negative coefficients of ES, ESO and ESO2 in decreasing order indicates that they all have an unfavourable impact on the log P values and also suggests
that there should be a more bulky bridging group
than SO2 to have a better lipophilicity.
The log P values for the AASBN derivatives have
been calculated using the best multivariate correlation.
Such calculated log P values are recorded (see supplementary material 3). The observed (experimental)
log P values are also given. The quality of correlations has been demonstrated by their residual values,
i.e. the difference between the observed and the calculated log P values. The residuals obtained from
the best correlation are also given therein.
A graph showing correlation of observed and calculated log P values for training set is presented in
figure 1.
A test set of 7 compounds as given in table 1 has
been taken to verify the validity of model obtained
from aforementioned calculations.

Figure 1. A plot of observed and predicted log P values
for AASBN derivatives for training set.

Figure 2. A plot of observed and predicted log P values
for AASBN derivatives for test set.

Table 2 presents the observed and calculated log P
values for the test set. The regression thus obtained
for the observed and calculated log P values shows a
high degree of relatedness.
A graph showing correlation of observed and calculated log P values for test set is presented in figure 2.
The above results of test set are self indicative of
fitness of correlation in predicting the connectivity
as well as substitution effect in AASBN derivatives.
4.

Conclusions

The present study related to 2-amino-6-arylsulfonylbenzonitrile derivatives leads us to make the following conclusions:
The results have indicated that among the two
topological indices; Randic (χ) index showed a better predictive capability as compared to the Balaban
(J) index. Among the functional groups with positive coefficient of E-state values on ring A; CH3 group
showed the highest positive value, while among the

Molecular modelling studies: HIV-1 QSPR approach

629

Table 1. Octanol/water partition coefficient (log P), topological indices (χ, J) and E-state indices (ENH2, ES, ESO,
ESO2, ECH3, EOCH3, ETCN, ECl, EBr) of AASBN analogues (test set).
R

R′

4-CH3
3-NH2
3,5-(CH3)2
3,5-(CH3)2
2,5-Cl2
3,5-(CH3)2
3-O(CH2)3CH3,5-CH3

log P

S
S
S
SO
SO
SO2
SO2

χ

J

ENH2

3⋅850 9⋅113 1⋅907 5⋅774
4⋅56 10⋅024 1⋅934 5⋅755
4⋅340 9⋅507 1⋅957 5⋅809
3⋅080 9⋅935 2⋅067 5⋅751
3⋅230 9⋅952 2⋅098 5⋅700
3⋅130 10⋅268 2⋅183 5⋅679
3⋅760 12⋅306 2⋅100 5⋅736

Table 2. Calculated and observed log P values of 2amino-6-arylsulfonylbenzonitriles analogues (test set) derived from the regression (7).
Log P (obsd.) log P (calc.)
3⋅850
4⋅560
4⋅340
3⋅080
3⋅230
3⋅130
3⋅760

Residual = log P(obsd.) –
log P (calc.)

3⋅170
3⋅569
3⋅723
2⋅423
2⋅777
2⋅501
3⋅122

0⋅6800
0⋅9910
0⋅6170
0⋅6570
0⋅4530
0⋅6290
0⋅6380

log P(calc.) = 1⋅145(± 0⋅128)log P(obs.) + 0⋅224
2

(n = 7, R = 0⋅970, R = 0⋅941,
F-ratio = 80⋅05)

R2adj

ES

ESO

ESO2

ETCN

1⋅559 0⋅000 0⋅000 11⋅228
1⋅485 0⋅000 0⋅000 11⋅185
1⋅579 0⋅000 0⋅000 11⋅311
0⋅000 11⋅195 0⋅000 11⋅165
0⋅000 10⋅933 0⋅000 11⋅051
0⋅000 0⋅000 21⋅575 10⋅989
0⋅000 0⋅000 22⋅014 11⋅118

ECH3

ECL

EBr

0⋅000
0⋅000
2⋅071
1⋅957
0⋅000
1⋅830
1⋅802

0⋅000
0⋅000
0⋅000
0⋅000
5⋅832
0⋅000
0⋅000

0⋅0
0⋅0
0⋅0
0⋅0
0⋅0
0⋅0
0⋅0

above information regarding electrophilicity of a group
attached to it. On the basis of above results, these
structure based indices ascertain their applicability
in choosing the substituents in a chemical entity, so
as to obtain a potent and novel molecule.
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(7)

= 0⋅929, SE = 0⋅157,

halo substituents, Br seemed to be better as compared
to Cl indicating that, a bulky and a less electronegative halogen group would enhance the lipophilicity.
The functional groups with negative coefficient
were NH2 and CN (on ring B) indicating that they
would have an adverse effect on compound’s lipophilicity, suggesting that, the presence of electrophilic groups on ring B may help in enhancing the
magnitude of octanol/water partition coefficient. The
E-state values for the bridging atoms also showed
different negative coefficients in the order, S > SO >
SO2. This indicates that there should be a more
bulky group than SO2 in the referred position, which
would help in enhancing the log P value. The test
set too showed a good linearity between the observed
and the calculated log P values, thus validating the
aforementioned inferences.
Thus, the results suggest that the methyl and bulky
halogens can play a major role in deciding the lipophilic character of these compounds. Also, new and
more potent compounds with enhanced lipophilicity
could be designed and synthesized, utilizing the
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