J Mol Model (2004) 10:399-407
DOI 10.1007/s00894-004-0215-8

ORIGINAL PAPER

Vipin Kumar - Satish Sardana -+ Anil Kumar Madan

Predicting anti-HIV activity of 2,3-diaryl-1,3-thiazolidin-4-ones:
computational approach using reformed eccentric connectivity index

Received: 25 April 2004 / Accepted: 8 September 2004 / Published online: 3 November 2004

© Springer-Verlag 2004

Abstract The eccentric connectivity index, which has
recently been employed successfully for the development
of numerous mathematical models for the prediction of
biological activities of diverse nature, has been reformed
to overcome its limitations caused by degeneracy and
insensitivity towards heteroatoms. The reformed eccentric
connectivity index, termed the eccentric connectivity
topochemical index, overcomes the limitations of the
eccentric connectivity index by exhibiting very low de-
generacy and displaying sensitivity to both the presence
and relative position of heteroatoms without compro-
mizing the discriminating power of the eccentric con-
nectivity index. The relationship of the eccentric con-
nectivity topochemical index, eccentric connectivity index
and Wiener’s index with regard to the anti-HIV activity of
2, 3-diaryl-1, 3-thiazolidin-4-one derivatives was subse-
quently investigated. The values of the eccentric con-
nectivity topochemical index, the eccentric connectivity
index and Wiener’s index of each of 31 analogues com-
prizing the data set were computed using in-house com-
puter program. Resultant data was analyzed and suitable
models developed after identification of active ranges.
Subsequently, each derivative was assigned a biological
activity using these models, which was then compared
with the reported anti-HIV activity. The accuracy of
prediction using these models was found to vary from 81
to 90%. The proposed index offers a vast potential for
virtual screening of combinatorial libraries, structure
property/activity studies and drug design.
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Introduction

High-throughput screening and combinatorial chemistry
techniques have evolved from a random selection of
chemical compounds to the use of various statistical
methods to focus the molecular diversity [1]. Instead of
testing millions of randomly chosen compounds, medic-
inal chemists prefer to use computational chemistry
methods that offer a smaller number of rationally selected
compounds for biological testing. The virtual screening of
combinatorial libraries is widely used to design optimally
diverse libraries and focused or targeted libraries. Virtual-
screening methods can offer the best set of compounds for
a combinatorial synthetic scheme to maximize the chan-
ces of finding a drug lead, using both efficient statistical
techniques and a set of numerical descriptors of the
chemical structure [2]. As molecular databases increase in
size, information content, and complexity, the application
of complicated descriptors becomes impractical for data
mining. Therefore, using much simpler and not so de-
manding descriptors for a first vast diversity screening of
a very large dataset could facilitate the entire process.
This task can be very well fulfilled by structural de-
scriptors traditionally used in structure—property rela-
tionship and structure—activity relationship models (SPR/
SAR models) [3-11]

More than 1,000 structural descriptors from five
classes are used in SAR/SPR studies: constitutional, graph
theoretical and topological indices, geometrical, electro-
static, and quantum descriptors. From these descriptors,
the topological indices derived from molecular graphs
were found to give good results in database screening.
Topological indices have obvious advantages when
compared with other descriptors: they are computed only
from the information contained in the molecular graph,
they have a unique value for a particular chemical com-
pound, they offer a simple way of measuring molecular
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branching, shape, size, and molecular similarity, and their
calculation requires small computational resources. All
the above characteristics indicate that topological indices
are well suited for the virtual screening of databases of
hundreds of thousands of compounds [2]. Structural de-
scriptors derived from the molecular graph are widely
used in modeling physical, chemical, or biological prop-
erties, in similarity and diversity assessment, database
mining, and in the virtual screening of combinatorial li-
braries [12]. In a first approximation, the chemical
structure of a molecule can be represented as a molecular
graph. A topological index is a numerical descriptor of the
molecular structure derived from the corresponding mo-
lecular graph. A graph G = G(V, E) is an ordered pair
consisting of two sets V = V(G) and E = E(G). Elements
of the set V(G) are called vertices and elements of the set
E(G), involving the binary relation between the vertices,
are called edges. By removing all hydrogen atoms from
the chemical formula of a chemical compound containing
covalent bonds one obtains the hydrogen-depleted or
hydrogen-suppressed molecular graph of that compound,
whose vertices correspond to non-hydrogen atoms and
whose edges correspond to covalent bonds [13]. In the
graph representation of molecules, their geometrical fea-
tures such as bond lengths or bond angles are not taken
into account and the chemical bonding of atoms is re-
garded as being their most important characteristic. Nu-
merous reviews and research papers describe the com-
putation of structural descriptors from molecular graphs,
and their use in drug design, toxicology, property pre-
diction and design of chemical libraries [14-27].

Although a number of topological indices have been
reported in the literature, only a handful of them have
been employed successfully in SAR studies. These in-
clude Hosoya’s index [28, 29] ,Randic’s molecular con-
nectivity index, y [30], the higher-it order connectivity
indices, "y, for the paths of length n defined by Kier and
Hall [15], Balaban’s index, J [31-34], Wiener’s index
[35-37], Zagreb group parameters, M, and M, [38, 39],
and the eccentric connectivity index [40-47].

Acquired immunodeficiency syndrome-(AIDS) is
caused by the human immunodeficiency virus (HIV), a
retrovirus of the lentivirus family. The variant of HIV that
is the cause for almost all infections is known as HIV-1.
The result of HIV infection is relentless destruction of the
immune system. The immunologic profile exhibited in
AIDS from early infection to terminal stage illness shows
effects of the gradual devastation of the immune system
[48].

HIV primarily infects cells with CD4 cell-surface re-
ceptor molecules, using them to gain entry. Many cell
types share common epitopes with this protein, though
CD4 lymphocytes play a crucial role. Cells of the
mononuclear phagocyte system, principally blood mono-
cytes and tissue macrophages, T lymphocytes, B lym-
phocytes, natural killer (NK) lymphocytes, dendritic cells
(Langerhans cells of epithelia and follicular dendritic
cells in lymph nodes), hematopoietic stem cells, endo-

thelial cells, microglial cells in brain, and gastrointestinal
epithelial cells are the primary targets of HIV infection.

Within the cell, the viral particle uncoats from the
envelope to releases its RNA. Viral RNA serves as a
template from which complementary DNA strands are
transcribed. This reverse transcription is the distinguish-
ing feature of retroviruses and is catalyzed by the HIV
RNA-dependent DNA polymerase i.e. reverse transcrip-
tase. After initial entry of HIV and establishment of in-
fection, replication may at first occur within inflammatory
cells at the site of infection or within peripheral blood
mononuclear cells, but then the major site of replication
quickly shifts to lymphoid tissues of the body, including
those in lymph nodes, spleen, liver, and bone marrow.
Besides lymph nodes, the gut-associated lymphoid tissue
provides a substantial reservoir for HIV. The primary
target of HIV is the immune system itself, which is
gradually destroyed. Viral replication actively continues
following initial HIV infection, and the rate of CD4
lymphocyte destruction is progressive.

Reverse transcriptase is necessary for the catalytic
transformation of single stranded viral RNA into the
double stranded linear DNA, which is integrated into host
cell chromosomes. Reverse transcriptase inhibitors bind
in a noncompetitive manner to a unique site on the en-
zyme, altering its ability to function and achieving a
highly selective suppression of HIV-1 replication with
little cytotoxicity [49]. The clinical benefit of antiretro-
viral therapy is determined by the magnitude and duration
of plasma HIV RNA suppression [50, 51].

Retroviruses such as HIV-1 possess a unique replica-
tion cycle, so a variety of molecular targets are now
available for therapeutic intervention [52]. One such tar-
get of considerable interest is the virally encoded RT,
which mediates conversion of the viral RNA to proviral
DNA.

Therapeutic intervention for the treatment of HIV-1,
which eventually results in AIDS, is limited to AZT
(Zidovudine) and a few other drugs approved for this
disease. Unfortunately, these suffer from a number of
limitations including limiting side effects and the reve-
lation of the possible emergence of drug-resistant mutants
of the virus [53]. Use of nucleoside analogues such as
AZT [54, 55], which inhibit the operation of reverse
transcriptase, is limited by significant toxicities [56-58].
Potent nonnucleoside, HIV-1 specific reverse transcrip-
tase inhibitors have now been described in several
chemically diverse series [59, 60].

The emergence of multidrug-resistance virus among
patients treated with current anti-AIDS agents has created
an urgent need for new antiretroviral agents. It is hoped
that at least some agents directed at this target will control
replication of drug-resistant HIV, have fewer side effects,
and/or require less frequent dosing and fewer capsules or
tablets than currently available agents. In view of the
increasing incidence of resistance to current drug regi-
mens and the frequency of adverse events, the develop-
ment of novel, potent, safe, inexpensive antiviral agents



that are also effective against mutant HIV strains remains
a high priority for medical research.

In the present investigations, the eccentric connectivity
index— an adjacency-cum-distance based topological
descriptor has been reformed to make it sensitive to both
the presence and relative position of heteroatoms. The
reformed eccentric connectivity index, termed the eccen-
tric connectivity topochemical index, has been conceptu-
alized and its discriminating power investigated with re-
gard to the anti-HIV activity of 2, 3-diaryl-1, 3-thiazo-
lidin-4-one derivatives. The degeneracy and discriminat-
ing power of the eccentric connectivity topochemical in-
dex was compared with that of the eccentric connectivity
index—an adjacency-cum-distance based topological de-
scriptor and Wiener’s index—a distance-based topologi-
cal descriptor for all possible structures up to five vertices
containing one nitrogen atom.

Methodology
Calculations of topological descriptors

The Wiener’s index, [35-37] a well-known distance-based topo-
logical index is defined as the sum of the distances between all the
pairs of vertices in a hydrogen-suppressed molecular graph, that is

W= 1/2(2":13,-) (1)
i=1

where P; is the length of the path that contains the least number of
edges between vertex i and vertex j in graph G and »n is the max-
imum possible number of i and j.

The eccentric connectivity index [40-47] denoted by &° is de-
fined as the summation of the product of eccentricity and the degree
of each vertex in the hydrogen-suppressed molecular graph having
n vertices, that is

n

£=> (ExV) 2)

i=1

where V; is the degree of vertex i, E; is the eccentricity of the vertex
i and n is the number of the vertices in graph G. The eccentricity E;
of a vertex i in a graph G is the path length from vertex i to vertex j
that is farthest from i (E; =max d(ij); j € G); the eccentricity con-
nectivity index takes into consideration the eccentricity as well as
valency of the vertices in a hydrogen-suppressed graph.

The eccentric connectivity index has been modified in the
present study so as to make it not only heteroatom sensitive but also
to minimize degeneracy. Since the eccentric connectivity index has
been used successfully recently for the development of numerous
mathematical models for the prediction of biological activities of
diverse nature, therefore, it was naturally expected that modifica-
tion of the said descriptor would most probably result in vast im-
provement in its utility in modeling because of its sensitivity to
both the presence and the relative position of heteroatoms and
minimization of degeneracy. Accordingly, the eccentric connec-
tivity topo-chemical index has been conceptualized to consider
nature, number and position of heteroatoms.

The eccentric connectivity topochemical index, denoted by &.°,
is defined as the summation of the product of chemical eccentricity
and the chemical degree of each vertex in the hydrogen-suppressed
molecular graph having n vertices, that is

n

‘);:i = Z (Eic X Vic) (3)

i=1
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where V. is the chemical degree of vertex i, E;. is the chemical
eccentricity of the vertex i and n is the number of the vertices in
graph G.

The values of Wiener’s index and the eccentric connectivity
index can be calculated from the distance matrix (D) and the ad-
jacency matrix (A). On the other hand, the value of proposed ec-
centric connectivity topochemical index could be easily calculated
from the topochemical distance matrix (D.) and the topochemical
adjacency matrix (A.). The chemical degree and chemical eccen-
tricity of a vertex were obtained from the topochemical adjacency
matrix (A.) and the topochemical distance matrix (D.), respec-
tively, by substituting row elements corresponding to heteroatoms
with the relative atomic weight with respect to carbon e.g. in the
case of nitrogen 14/12 i.e. 1.167. The derivation of matrices for the
calculation of Wiener’s index, the eccentric connectivity index and
the eccentric connectivity topochemical index for three isomers of
butylamine is illustrated in Fig. 1. The sensitivity of the proposed
eccentric connectivity topochemical index towards the relative
position of a heteroatom is shown in Figs. 2 and 3 for structures
having three to five vertices containing one nitrogen as heteroatom.

Model development

A data set comprising 31 derivatives [61] of 2, 3-diaryl-1,
3-thiazolidin-4-one was selected for the present study.
The basic structure for these analogues is shown in Fig. 4
and various substituents listed in Table 1. The values of
the eccentric connectivity topochemical index of all the
derivatives in the data set were computed using an in-
house computer program. The resultant data was analyzed
and a suitable model developed after identification of the
active range by the maximization of moving average with
respect to active compounds [62]. Subsequently, each
analogue was assigned a biological activity using this
model, which was then compared with the reported anti-
HIV activity.

Clercq et al. [63-66] reported the anti-HIV activity
quantitatively as the concentration (ECsq) required to
reduce the HIV-1-induced cytopathic effect by 50 percent
in MT-4 cells. Derivatives exhibiting ECs, less than
0.1 uM were considered to be active for the purpose of the
present study. The cytotoxic activity reported for 31
derivatives was defined as the concentration required to
reduce MT-4 cell viability by 50 (CCsp). A selectivity
index is defined as the quotient of CCsy and ECs,. Av-
erage ECs( values, from the reported data [61] for all the
analogues as well as correctly predicted analogues present
in each range in the proposed model were also calculated.
Similarly, average selectivity index values for each range
in the proposed model were also calculated.

The percentage degree of prediction of a particular
range was derived from the ratio of the number of com-
pounds predicted correctly to the total number of com-
pounds present in that range. The overall degree of pre-
diction was derived from the ratio of the total number of
compounds correctly predicted to that of the total number
of compounds present in both the active and inactive
ranges.

The aforementioned procedure was followed similarly
for Wiener’s index and the eccentric connectivity index.
The results are summarized in Tables 1 and 2.
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Fig. 1 Derivation of matrices 2
for calculation of eccentric |
connectivity topochemical in-
dex. N5 --- ClI C3
Arbitrary NI C2 C3 C4
vertex
numbering Ni==C2==C3==Ct==C5 |
Cs C4
De 1 2345S, E I 23458, E 12345 S, Eg
110 123410 4 110 12339 3 110 1 1 1 1.167|4.167 1.167
2(1.167 0 1 2 3|7.167 3 211.167 0 1 2 2{6.167 2 2(1 022 2167|7.167 2.167
312.167 1 0 1 2{6.167 2.167 312167 1 0 1 1]5.167 2.167 31120 2 2167|7167 2.167
413.167 2 1 0 1{7.167 3.167 413.167 2 1 0 2(8.167 3.167 411 220 2.167|7.167 2.167
514167 3 2 1 0/10.167 4.167 504167 2 1 2 0]8.167 4.167 5(12220 7 2
A 1 2345V 1 2345V, 12345 Vg
110 1000(1 110 1000(1 1101 11 1.167|4.167
2(1.167 0 1 0 0]2.167 2/1.167 0 1 0 0]2.167 2(10000 1
310 10102 310 10113 3] 10000 1
410 01012 4|0 01001 410000 1
510 001 0]1 500 0100]1 5110000 1
D I 23458, F I 23458, F 12345 S, E
110 12341 4 110 12339 3 101111 4 1
211 01237 3 21 01226 2 2(10222 7 2
3(2 10126 2 312 10115 2 3112022 7 2
413 21017 3 43 21028 3 412202 7 2
54 3210/[10 4 53 2120|8 3 512220 7 2
A I 2345V, 1 2345V, 12345
110 1000(1 110 1000(1 1o 1111 4
2|1 0100|2 21 0100(2 210000 1
310 10102 310 10113 3110000 1
410 01012 4|0 01001 410000 1
510 001 0[1 500 0100]1 5110000 1
Fig. 2 W, &°, £.° values for N
structures having three to five /
vertices containing single ni- —N\ N—\ NN TN N{ —N /YN N/\(
trogen as heteroatom.
W 4 4 10 10 9 9 16 18 18
& 6 6 14 14 9 9 12 19 19
& 7.058 6.696 14.83 15.55 10.03 10.58 13.36 19.83 20.16
C
_—N NN~ /N
Y Y A MW
w 18 18 20 20 20
& 19 19 24 24 24
&, 20.89 21.25 25.33 26.06 26.06

I

Result and discussion

Acquired immunodeficiency syndrome—first appeared in
the west in the late seventies and needs no introduction.
AIDS is a syndrome rather than a disease. It is a horrible
way to die and should not be regarded lightly. To die of
AIDS is to die ravaged, emaciated, generally in a degree
of dementia and with a host of dreadful and disgusting
symptoms. Human immunodeficiency virus 1 (HIV-1)
infection is characterized by a progressive decline in both
function and number of CD4+ T-lymphocytes secondary
to ongoing viral replication. Without intervention, this
ultimately leads to the development of the acquired im-
munodeficiency syndrome that places persons at risk for
the acquisition of opportunistic infections and neoplasms
[67]. The acquired immunodeficiency syndrome epidemic
is one of the greatest challenges facing the medical
community today. Infection with HIV is a dynamic pro-

cess characterized by vigorous viral replication, CD4
lymphocyte depletion, and profound immunodeficiency.
The error-prone nature of HIV reverse transcriptase
promotes rapid evolution of genetic diversity and a re-
markable propensity to develop resistance to antiretroviral
agents [68].

Reverse transcriptase is a key enzyme, which plays an
essential and multifunctional role in the replication of
HIV [69] and thus represents an attractive target for the
development of new drugs useful in AIDS therapy [70].

The discovery of drug leads is significantly accelerated
by in silico screening of molecular libraries that starts
from a collection of chemical compounds with a high
structural diversity and selects molecules according to
their similarity toward specific collections of active
compounds. In this process, the molecular similarity/di-
versity and the drug-like character are characterized with
structural descriptors, such as structure keys, fingerprints,



Fig. 3 W, &°, £ values for cy-
clic structures having three to
five vertices containing single
nitrogen as heteroatom.

]

N

403

w 3 8 8 8 8 7 7 6 14
& 6 16 13 13 13 14 14 12 20
& 7058 17.002 14.92 14.19 14.36 15.36 15.72 14.08 21.86
N |
¢ & Z @ b b 9y bod
N N N N |:|
W 15 14 14 14 16 16 16 16 14
& 20 20 20 20 23 23 23 23 24
& 2206 21.69 21.69 22.03 24.16 24.33 24.33 25.42 25.50
N
T o O B
N
R v
1%} 4
w 14 13 13 13 13 15 12 12 12
& 24 24 24 24 24 27 24 24 28
& 2533 26.03 25.86 26.36 25.69 29.75 26.39 26.72 30.03
N
N A N A —<>
N
AN ANl AT AL LA,
N 7
w 11 16 16 16 17 17 17 17 15
& 2 2 2 2 25 25 25. 25 27
& 27.09 2333 22,66 24.42 27.22 26.50 27.58 26.33 28.33
N
<>y G A DO
N
N N N
w 15 15 13 13 13 15 15 14 14
1 27 27 28 28 28 16 16 24 24
& 2867 28.16 29.67 29.50 29.33 17.69 17.53 26.06 25.50
N
W N
w 14 13
& 24 20
& 2533 2239
R logical indices [71], have been used in structure-activity/
property studies, including multiple regression analysis,
principal component analysis, pattern recognition, artifi-
Ar — N cial neural networks, optimization of lead compound,
search of combinatorial libraries and combinatorial opti-
// S R mization of the lead compound, and similarity—dissimi-
o) ! larity studies [72].

Fig. 4 Basic structure of 2,3-diaryl-1, 3-thiazoidin-4-ones

graph invariants and various topological indices com-
puted from atomic connectivity or molecular matrices.
The topological description of a molecule contains in-
formation on the atom—atom connectivity in the molecule,
and encodes the size, shape, and branching features that
determine the molecular properties. Mathematical de-
scriptors of molecular structure, such as various topo-

Though a large number of topological descriptors have
been reported in the literature for structure-property—ac-
tivity studies, only a handful of them have been used
successfully in structure-activity/property studies. Most of
these descriptors are incapable of taking heteroatoms in to
considerations. As a consequence, there is a strong need
to develop chemical topological descriptors with high
discriminating power particularly with respect to struc-
ture-activity/property studies.
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Table 1 Relationship of Wiener’s index, eccentric connectivity index and eccentric connectivity topochemical index with anti-HIV activity

Comp. Ar R R, w E&° &S Predicted activity Reported
No. z < activity
wo¢ Se
1 Phenyl Cl Cl 744 301 383.40 - - - -
2 Phenyl F F 744 301 340.54 - - - -
3 Pyridin-2-yl Cl Cl 744 301 389.83 - - - -
4 Pyridin-2-yl Cl F 744 301 379.98 - - - -
5 Pyridin-2-yl F F 744 301 346.49 - - - -
6 Pyridin-3-yl Cl Cl 744 301 389.81 - - - -
7 Pyridin-3-yl F F 744 301 346.46 - - - -
8 Pyridin-4-yl Cl Cl 744 301 394.44 - - - -
9 Pyridin-4-yl F F 744 301 350.64 - - - -
10 5-Cl-pyridin-2-yl Cl Cl 866 344 524.16 - - - -
11 5-Cl-pyridin-2-yl Cl F 866 344 510.24 - - - -
12 5-Cl-pyridin-2-yl F F 866 344 479.59 - - - -
13 5-Br-pyridin-2-yl Cl Cl 866 344 716.70 - - - -
14 5-Br-pyridin-2-yl Cl F 866 344 697.68 - - - -
15 5-Br-pyridin-2-yl F F 866 344 665.40 - - - -
16 6-Br-pyridin-2-yl Cl Cl 852 318 676.03 + + - -
17 6-Br-pyridin-2-yl Cl F 852 318 658.16 + + - +
18 6-Br-pyridin-2-yl F F 852 318 627.11 + + - +
19 3-Me-pyridin-2-yl Cl Cl 838 316 404.08 - - + -
20 3-Me-pyridin-2-yl F F 838 316 361.83 - - - -
21 4-Me-pyridin-2-yl Cl Cl 852 318 393.20 + + - -
22 4-Me-pyridin-2-yl Cl F 852 318 399.23 + + + +
23 4-Me-pyridin-2-yl F F 852 318 363.83 + + - -
24 5-Me-pyridin-2-yl Cl Cl 866 344 438.83 - - - -
25 5-Me-pyridin-2-yl F F 866 344 390.83 - - - -
26 6-Me-pyridin-2-yl Cl Cl 852 318 414.05 + + + +
27 6-Me-pyridin-2-yl Cl F 852 318 403.97 + + + +
28 6-Me-pyridin-2-yl F F 852 318 368.33 + + - +
29 4,6-di-Me-pyridin-2-yl Cl Cl 964 335 433.30 - + + +
30 4,6-di-Me-pyridin-2-yl Cl F 964 335 42322 - + + +
31 4,6-di-Me-pyridin-2-yl F F 964 335 372.06 - + - +

+ Active compound, — Inactive compound
NA not applicable

Degeneracy of descriptors

In the present work, the eccentric connectivity index,
which has recently been employed widely and success-
fully for the development of numerous mathematical
models [40—47] for the prediction of biological activities
of diverse nature has been reformed to overcome its
limitations caused by degeneracy and its insensitivity to
heteroatoms. The reformed eccentric connectivity index,
termed as the eccentric connectivity topochemical index,
has been conceptualized. The value of eccentric connec-
tivity topochemical index could be calculated from
topochemical distance matrix (D.) and topochemical
adjacency matrix (A.). The chemical degree and chemi-
cal eccentricity of a vertex were obtained from the
topochemical adjacency matrix (A.) and the topochemical
distance matrix (D.), respectively by substituting row
elements corresponding to heteroatoms with relative
atomic weight with respect to carbon atom. The deriva-
tion of matrices for calculating Wiener’s index, the ec-
centric connectivity index and the eccentric connectivity
topochemical index for three isomers of butylamine are
shown in Fig. 1. The sensitivity of the proposed eccentric
connectivity topochemical index towards the relative po-
sition of a heteroatom is shown in Figs. 2 and 3 for

structures having three to five vertices containing one
nitrogen as a heteroatom.

The results from Figs. 2, 3 and Table 3 clearly reveal
the sensitivity of the eccentric connectivity topochemical
index to both the presence and the relative position of a
heteroatom as well as a steep decrease in degeneracy
when compared to the eccentric connectivity index with-
out adversely affecting discriminating power if one just
compares the values for three, four and five vertices
containing one nitrogen as heteroatom.

Anti-HIV activity

The relationship of the eccentric connectivity topochem-
ical index, the eccentric connectivity index and Wiener’s
index to the anti-HIV activity of 2, 3-diaryl-1, 3-thiazo-
lidin-4-one derivatives has been investigated. The se-
lected data set comprises 31 analogues included both
active and inactive compounds.

Retrofit analysis of the data in Tables 1 and 2 reveals
the following information with regard to the model based
on Wiener’s index:



Average ECsy (uM)
13.87 (13.87)
0.11 (0.06)
2.31 (3.15)
13.87 (13.87)
0.10 (0.06)
3.15 (3.15)
10.58 (12.16)
0.05 (0.06)
2.04 (2.54)

105.25 (105.25)

1580.44 (1750)
105.25 (105.25)

1388.08 (1437)
17.15 (17.15)

selectivity index
233.65 (17.15)
462.94 (359.46)

1518.66(1822.4)
189.59 (43.23)

Average

Percent
accuracy

Number of analogues
predicted correctly

of analogues
in the range

Number

> 335

<399.23
399.23-433.30

>838-<866
318-335
>433.30

>866

Index value

<838

<318

Nature of range
in proposed model
Lower inactive

Active
Lower inactive

Active
Lower inactive

Active
Upper inactive

Upper inactive
Upper inactive

Values in the brackets are based upon correctly predicted compounds in the particular range

Table 2 The relationship between the anti-HIV activity and topological indices

Model index
connectivity topochemical

Wiener’s index
connectivity index
index

Eccentric
Eccentric
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Table 3 Comparison of discriminating power and degeneracy* of
Wiener’s Index (W), eccentric connectivity index (£°) and eccentric
connectivity topochemical index (£.°) for all possible structures up
to five vertices

W & &’
For three vertices
Minimum value 3 6 6.696
Maximum value 4 6 7.058
Ratio 1:1.333 1:1 1:1.054
Degeneracy 1/3 3/3 1/3
For four vertices
Minimum value 6 9 10.03
Maximum value 10 16 17.00
Ratio 1:1.167 1:1.778 1:1.69
Degeneracy 6/11 5/11 0/11
For five vertices
Minimum value 11 12 13.36
Maximum value 20 28 30.03
Ratio 1:1.819 1:2.333 1:2.24
Degeneracy 38/47 36/47 8/47

Degeneracy number of compounds having same value/Total num-
ber of compounds with same number of vertices

Biological activity was assigned to a total of 31 ana-
logues in both the active and inactive ranges, out of
which the activity of 25 analogues was predicted
correctly, resulting in ~81% accuracy with regard to
anti-HIV activity.

— The active range had Wiener’s index values of >838 to
<866. 6 out of nine analogues in the active range ex-
hibited anti-HIV activity resulting in 66% accuracy
with regard to the active range of anti-HIV activity.

— The average selectivity index and average ECs( values
of correctly predicted derivatives were observed to be
1,750 and 0.062 uM, respectively. The ECs value in
the active range is not only lowest but the average
value of selectivity index is also the highest.

— Two inactive ranges, the lower and upper inactive
ranges, ideally bracketed the active range. The lower
inactive range had Wiener’s index values of <838 and
the upper inactive range had Wiener’s index values of
>866. All 11 analogues in the lower inactive range
were correctly predicted resulting in 100% accuracy
with regard to the lower inactive range of anti-HIV
activity.

Retrofit analysis of data in Tables 1 and 2 reveals the
following information with regard to the model based on
the eccentric connectivity index

— Biological activity was assigned to a total of 31 ana-
logues in both the active and inactive ranges, out of
which the activity of 28 analogues was predicted
correctly resulting in ~90% accuracy with regard to
anti-HIV activity.

— The active range had eccentric connectivity index
values of 318-335. Nine out of 12 analogues in the
active range exhibited anti-HIV activity resulting in
~T75% accuracy with regard to active range of anti-HIV
activity.
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— The average selectivity index and average ECs( values
of correctly predicted derivatives were observed to be
1,437 and 0.062 uM, respectively. The ECs( value in
the active range is not only lowest but the average
value of selectivity index is also the highest.

— The lower and upper inactive ranges bracketed the
active range. The lower inactive range had eccentric
connectivity index values of less than 318 and the
upper inactive range had eccentric connectivity index
values of more than 335. Nineteen out of 19 analogues
in both the inactive ranges were predicted correctly,
resulting in 100% accuracy with regard to inactive
range of anti-HIV activity.

Retrofit analysis of data in Tables 1 and 2 reveals the
following information with regard to the model based on
the eccentric connectivity topochemical index:

— Biological activity was assigned to a total of 31 ana-
logues in both the active and inactive ranges, out of
which activity of 26 analogues was predicted correctly,
resulting in ~84% accuracy with regard to anti-HIV
activity.

— The active range had eccentric connectivity
topochemical index values of 399.23 to 433.30. Five
out of six analogues in the active range exhibited anti-
HIV activity, resulting in ~83% accuracy with regard
to active range of anti-HIV activity.

— The average selectivity index and average ECs, values
of correctly predicted derivatives were observed to be
1,822 and 0.065 uM, respectively. The ECs value in
the active range is not only lowest but the average
value of selectivity index is also the highest.

— Two inactive ranges, the lower and upper inactive
ranges, ideally bracketed the active range.

Although the ECsy value in the active range was
lowest, surprisingly, the average value of selectivity index
was also the highest in all the aforementioned models.
Since the selectivity index is an indirect measure of
therapeutic index, high potency amalgamated with low
toxicity renders the active range in the proposed models
highly significant for providing lead structures for the
development of potent therapeutic agents of extremely
low toxicity.

High discriminating power, low degeneracy and sen-
sitivity towards both the presence and relative position of
heteroatoms offers the eccentric connectivity topochemi-
cal index a vast potential for structure-property/activity
studies, optimization of lead compounds, search of com-
binatorial libraries and combinatorial optimization of the
lead compounds, and similarity—dissimilarity studies.
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