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Abstract
This work describes QSAR and SAR studies on the inhibition of reverse transcriptase by 31 novel DAPY (diarylpyrimidine) derivatives using
both topological and physicochemical properties and molecular modelling parameters along with indicator parameters. The application of
a multiple linear regression analysis indicated that a combination of topological and physicochemical descriptors and the indicator parameters
yielded a statistically significant model for the prediction of the activity, log 1/C (50% of effective concentration of DAPY derivatives for RTs).
The modelling of some new potential DAPY compounds and their maximum active comformers for the inhibition of reverse transcriptase are
made by quantum molecular modelling.
� 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The acquired immune-deficiency syndrome (AIDS) is one
of the most hazardous diseases, which is caused by infection
with the human immune-deficiency virus (HIV). Reverse tran-
scriptase (RT) is the key for HIV replication and is not re-
quired for normal host cell replication. During the inspection
of effective therapies facing HIV, reverse transcriptase (RT)
has been identified as one of the most promising targets [1].

Substituted NNRTIs, (non-nucleotides reverse transcriptase
inhibitors) derivatives find extensive applications in inhibition
of reverse transcriptase [1]. At the same time NRTIs (nucleo-
tides reverse transcriptase inhibitors) are also studied for their
fast activity. It is, thus, important to understand the potential
inhibition activity and its dependence on structural, electronic,
and steric features. Thus, there is a compelling need to under-
stand the mechanisms and correlation modes of potential
* Corresponding author. Tel.: þ91 731 2792454; fax: þ91 731 2763618.

E-mail address: abhilashthakur@yahoo.com (A. Thakur).

0223-5234/$ - see front matter � 2007 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.ejmech.2007.04.005
inhibition activity with reverse transcriptase. Over the past
one decade, several groups have studied the effect and signif-
icance of the NNRTIs [2e5]. In the recent past Ludovici [2]
studied the biological activities for various binding sites and
cells for inhibition of RTs by these novel classes of DAPY
(diarylpyrimidine), NNRTIs. The study on biological activity
of novel class of NNRTIs has become more important due
to the emergence of multi drug resistance and toxic effects af-
ter the prolonged doses [3].

To understand the role of molecular, steric and hydrophobic
properties in the biological activity of novel class of NNRTIs,
derivatives and to model some new derivatives with high
potential as RTIs, SAR and QSAR studies are performed on
some new DAPY derivatives. Also efforts have been made
to generate the new class of compounds having substituted
alkyl chain as spacer to combine with the NRTIs’ functional
groups by without affecting the potential of the compounds
as NNRTIs. To understand the structural and molecular effect
on biological activity topological indices [6e10] and some
physicochemical properties along with the indicator parame-
ters are tested. To get insight into the binding with receptor
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Fig. 1. Parent structure for the DAPY derivatives used in present study.
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site and to find out suitable comformers for the binding with
receptor we have gone through the energy minimization using
molecular mechanics MMþ force field.

This work describes QSAR and SAR studies on the inhibi-
tion of reverse transcriptase by 31 novel DAPY derivatives
using both topological and physicochemical properties and
molecular modelling parameters along with indicator parame-
ters. The application of a multiple linear regression analysis
indicated that a combination of topological and physicochem-
ical descriptors and the indicator parameters yielded a statisti-
cally significant model for the prediction of activity, log 1/C
(50% of effective concentration of DAPY derivatives for
RTs). The modelling of some new potential DAPY derivatives
and their maximum active comformers for the inhibition of
reverse transcriptase are made by quantum molecular model-
ling (Fig. 1).
2. Experimental

Biological activity: The reverse transcriptase inhibition
activity mentioned (log 1/C ) is taken from the literature [2].

Topological indices: All the topological indices used are
calculated from the hydrogen suppressed molecular graphs.
Though their calculations are exclusively discussed in the
literature [6e10] we give below the expressions used for their
calculations.

Wiener index W¼W(G) and G is defined as the half-sum of
the elements of the distance matrix:

W¼WðGÞ¼ 1

2

X

i¼1;

X

j¼1

Dij ð1Þ

where (D)ij is the ijth element of the distance matrix which de-
notes the shortest graph theoretical distance between sites i
and j of G.

The connectivity index 1c¼ 1c(G) and G is defined by
Randic as:

1c¼ 1cðGÞ ¼
X

i;j

½dðiÞdðjÞ��0:5 ð2Þ

Balaban index J¼ J(G) and G is defined as:

J ¼M

m
þ 1

X

bonds

�
didj

��0:5 ð3Þ

where M is the number of bonds in G, m is the cyclomatic
number of G, and di (i¼ 1, 2, 3, . N; N is the number of
vertices in G) is the distance sum. The cyclomatic number
m¼ m(G) of a cyclic graph G is equal to the minimum number
of edges necessary to be erased from G in order to transform it
into the related acyclic graph. In case of monocyclic graph
m¼ 1 otherwise it is calculated by means of the following ex-
pression

M ¼ M � N þ 1 ð4Þ

Szeged index Sz¼ Sz(G), is calculated according to the fol-
lowing expression:

Sz¼ SzðGÞ ¼
X

edges

nunv ð5Þ

where nu is the number of vertices lying closer to one end of
the edge e¼ uv; the meaning of nv is analogous. Edges equi-
distant from both the ends of an edge, e¼ uv are not taken
into account.

Molecular descriptors: Physicochemical properties MR,
MV, Pc, RI, ST and D used in proposed investigation, are cal-
culated with help of ACD lab’s [11] free wear and the model-
ling parameters DpM, TE, and RMSg, are calculated by the
Hyperchem7 (Demo version) [12].

Indicator parameters: In the present study three different
indicator parameters are used for the understanding of posi-
tional significance of substituents in their activities/properties.

Regression analysis: All the regressions were carried out
using maximum R2 method [13].

Software: The calculation of topological indices and regres-
sion analysis were performed using computer program devel-
oped for in house use only. In addition, we have used ACD
lab’s software [11] and Hyperchem [12] for calculations. We
also used the molecular modelling pro (Demo version) [14]
for the molecule to molecule docking.
3. Results and discussion

As mentioned in the Section 1, to analyse the relationship
between biological activity and the structure of the molecule
and various molecular properties of DAPY derivatives men-
tioned in Table 1, we test the topological indices along with
the classical physicochemical properties presented in Table
2. Indicator parameters used in present study to understand
the effect of substitution at various positions are also listed
in the same table (Table 2). The univariate correlation shows
that except hydrophobic parameter log P, none of the topolog-
ical or physicochemical parameters have the statistically sig-
nificant correlation with the biological activity. From the
various bi, tri and tetra parametric combinations of log P
with topological, physicochemical and indicator parameters
very few give the statistically significant results but the best re-
sult is given by the combination of log P, and indicator param-
eters I1 and I2 with the r value of 0.6059 which demonstrates
the domination of hydrophobicity in modelling of activity.
It also shows that the increase in the hydrophobicity
inhibits the activity of this specific series of compound.
Magnitude of indicator parameter I1 shows the importance



Table 1

DAPY derivatives and their biological activities used in present study

Compd. no. R1 R2 R3 Y

1 2,4,6-TriMe e e N

2 2,6-DiMe-4-CN e e O

3 2,6-DiMe-4-CN e e N

4 2,6-DiMe-4-Br e e O

5 2,6-DiMe-4-Br e e S

6 2,6-DiMe-4-(HCC) e e O

7 2,4,6-TriMe e e S

8 2,4,6-TriMe e e O

9 2,6-DiBr-4-F e e N

10 2,4,6-TriCl e e N

11 2,6-DiMe e e N

12 2,4-DiCl-6-Me e e N

13 2,6-DiMe-4-Cl e e N

14 2,6-DiBr-4-Me e e N

15 2,6-DiMe-4-Br e e N

16 2,6-DiMe-4-CN Br e N

17 2,6-DiMe-4-CN Br e O

18 2,4,6-TriMe Br e N

19 2,4,6-TriMe HCC e N

20 2,6-DiMe-4-CN Vinyl e N

21 2,6-DiMe-4-CN CN e N

22 2,4,6-TriMe CN e N

23 2,6-DiMe-4-CN Cl e N

24 2,6-DiMe-4-CN Cl e O

25 2,4,6-TriMe Cl e N

26 2,6-DiMe-4-CN Me e N

27 2,4,6-TriMe Me e N

28 2,6-DiMe-4-CN NO2 e O

29 2,6-DiMe-4-CN NH2 e O

30 2,6-DiMe-4-CN NHAc e O

31 2,6-DiMe-4-CN Br NH2 O

32a 2-Pr-6-Me-4-CN Br e O

33a 2-Pr-6-Me-4-CN Br e N

34a 2-OMeEt-6-Me-4-CN Br e N

35a 2-OMeEt-6-Me-4-CN Br e O

a Newly modelled molecules (test compounds).

Table 2

Parameters used in present study for DAPY derivatives

Compd. no. J MV log P I1 I2

1 1.448 267.7 1.9 1 0

2 1.447 259.8 1.64 0 1

3 1.447 261.3 1.47 1 1

4 1.448 263.3 1.97 0 0

5 1.448 271 2.31 0 0

6 1.447 267.3 1.79 0 0

7 1.448 274 2.42 0 0

8 1.448 266.2 2.07 0 0

9 1.448 250.5 0.94 1 0

10 1.448 253.1 0.77 1 0

11 1.441 252 1.74 1 0

12 1.448 258 1.14 1 0

13 1.448 262.8 1.52 1 0

14 1.448 261.7 1.69 1 0

15 1.448 264.7 1.79 1 0

16 1.498 274 1.64 1 1

17 1.498 272.5 1.82 0 1

18 1.499 280.4 2.07 1 0

19 1.534 284.5 1.89 1 0

20 1.534 294.9 2.36 1 0

21 1.534 270.6 1.31 1 1

22 1.534 277 1.74 1 0

23 1.498 272.1 1.37 1 1

24 1.498 270.7 1.54 0 1

25 1.499 278.5 1.80 1 0

26 1.498 277 1.74 1 1

27 1.499 283.4 2.17 1 0

28 1.572 270.9 �0.98 0 1

29 1.498 262.9 0.05 0 1

30 1.582 296 �0.12 0 1

31 1.549 275.6 1.82 0 1

J¼Balaban branching index; MV¼molar volume; log P¼ octanol/water

partition coefficient; I1¼ indicator parameter accounted for presence of

eNHe group; I2¼ indicator parameter accounted for presence of eCN group

on ring.
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of eNHe substitution in the activity of these compounds,
while negative coefficient of indicator parameter I2 shows
the inverse relationship between the presence of eCN group
and the inhibition activity in quantitative manner. But this
combination is not adequate to explain the relationship be-
tween the structure of the molecule and molecular properties
with biological activity. This combination having two outliers
and after the deletion of these two compounds (compd. nos.
28, 29) there is a significant increase in the value of R2

A but
at the same time the Durbin Watson parameter of the
model decreases from 2.4 to 1.56, hence it is statistically
insignificant.

For the QSAR study and modelling of the compounds fur-
ther regression analysis has been done using the topological
[6e10] and physicochemical properties.

Various bi and tri parametric combination gives the
better statistics but the best result is given by the tetra
parametric combination of Balaban branching index (J )
[8], molar volume (MV), indicator parameters I1 and I2.
The model obtained from this combination is presented
below:
log
1

C
¼ 0:0566ð�0:0224Þ J

�1:0020� 10�4
�
�7:6380� 10�5

�
MV

�0:0029ð�0:0011Þ I1� 0:0030ð�0:0014Þ I2 � 0:0516

n¼ 31; Se¼ 0:0023; R¼ 0:5749;

R2 ¼ 0:3305; R2
A ¼ 0:2275; F¼ 3:208 ð6Þ
Eq. (6) is marginally statistically significant and shows the
domination of structural and volumetric properties in the
modelling of inhibition activity of these DAPY derivatives.
It also exhibits the role of the presence of eNHe group parent
moiety in the inhibition activity and the role of presence of
eCN group in the same. Magnitude of I1 and MV shows the
domination of presence of eNHe group and high volume
on the activity. Negative coefficient of MV exhibits the
increase in the activity with the increase in the volume of
the molecule. Similar relation is present between the presence
of eNHe group on moiety and the inhibition activity, i.e.,
presence of eNHe favours the inhibition activity of DAPY
derivatives.
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Fig. 2. Graph obtained between observed and calculated log 1/C from Eq. (9).
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For the further improvement in the predictive potential and
modelling efficiency outlier have been done, based on the res-
idue from Eq. (6). In this process five compounds were out-
liered in three different steps. Model obtained after the
deletion of these five compounds are given below:

log
1

C
¼�0:0152ð�0:0098Þ J

þ9:5265� 10�5
�
�3:13123� 10�5

�
MV

�0:0014
�
�4:21385� 10�4

�
I1

�0:0016
�
�5:04836� 10�4

�
I2þ 1:89686� 10�4

n¼ 30; Se¼ 0:0010;

R¼ 0:77869; R2 ¼ 0:6192; R2
A ¼ 0:5583; F¼ 10:164 ð7Þ

log
1

C
¼�0:0143ð�0:0083Þ J

þ8:29798� 10�5
�
�2:67597� 10�5

�
MV

�0:0015
�
�3:59056� 10�4

�
I1

�0:0015
�
�4:28981� 10�4

�
I2þ 0:0021

n¼ 29; Se¼ 0:0009; R¼ 0:8241;

R2 ¼ 0:6792; R2
A ¼ 0:6257; F¼ 12:701 ð8Þ

log
1

C
¼�0:0116ð�0:0045Þ J

þ6:44503� 10�5
�
�1:42581� 10�5

�
MV

�0:0011
�
�2:03398� 10�4

�
I1

�9:5138� 10�4
�
�2:33904� 10�4

�
I2þ 0:0024

n¼ 26; Se¼ 0:0005; R¼ 0:8826;

R2 ¼ 0:7790; R2
A ¼ 0:7369; F¼ 18:504 ð9Þ

Comparison of the result with log P and Eqs. (6)e(9) indicate
that the hydrophobicity plays no role in the prediction of inhi-
bition activity of these compounds. The comparison of
obtained models also indicates that, dependence of biological
activity on structural and molecular properties is not justified
by the five outlier compounds and these compounds behave
exceptionally from their parent series. Model obtained for
the set of 26 compounds gives the better statistics and the
most suitable for the prediction of inhibition activity of the
compounds against reverse transcriptase-1. It also demon-
strates the domination of volumetric properties over the
branching and other structural and physicochemical features.
Eqs. also exhibits the significant presence of eNHe favouring
the inhibition activity of this class of compounds. It also
expresses the favourable presence of eCN group in modelling
the activity. In Eq. (9) greater magnitude of indicator I1 in
comparison to I2 explores the domination of presence of
eNHe over the eCN on parent moiety to model the inhibition
activity of the DAPY derivatives.

It is obvious that reduction in size of data set increases the
regression value, but in present case significant lowering of Se
(standard error of estimation) and a noted improvement in the
F-statistics along with the improvement in the value of R2

A

from Eqs. (6) to (9) justify the improvement in statistics and
deletion of the compounds.
At this stage, it is laudable to comment on R2
A values. We

pragmatic that as we pass from the model obtained for 31 com-
pounds (Eq. (6)) to model obtained for 26 compounds (Eq. (9))
there is consistent increase in R2

A, from 0.2275 to 0.7369, as we
pass from Eqs. (6) to (9). Such an increase in R2

A values indicates
that the deleted compounds have the unfair share in the model-
ling of respective activity and also shows exceptional behavior
from their parent series. The value of R2

A will decrease if the de-
letion of the compounds does not reduce the unexplained vari-
ation in the model enough to off set the loss of degree of
freedom [15e19]. The correlation between the estimated
log 1/C and observed log 1/C is represented in Fig. 2.

In the second phase of our study based on the second
category containing five compounds, compd. nos. 5, 6, 18, 19
and 28, all these compounds (outliers) taken together resulted
into a model according to the following equations:

log
1

C
¼ 0:0731ð�0:0449Þ J� 0:0992

n¼ 5; Se¼ 0:0049; R¼ 0:6759; F¼ 2:523 ð10Þ

log
1

C
¼�0:0041

�
�5:2458� 10�4

�
log Pþ 0:0136

n¼ 5; Se¼ 0:0014; R¼�0:9768; F¼ 62:414 ð11Þ

Model presented in the form of Eqs. (10) and (11) expresses
the domination of branching and hydrophobic parameter
log P in comparison with steric and volumetric properties
for the set of five outliers.

Eqs. (10) and (11) also show the domination of hydropho-
bic properties over the branching and size specific properties
for modelling the activity log 1/C for the set of five outliers.
Equations also demonstrate the little favour of branching prop-
erty to the biological activity log 1/C and confirm the previous
statement about the justification to un-applicability of hydro-
phobicity in modelling of 31 DAPY derivatives.

In order to carry out quantum computations, we have first
carried out the molecular geometry optimizations to find out
the structural behavior of these compounds as a function of
attached groups and their positions. The corresponding molec-
ular modelling parameters are shown in Table 4.



Table 3

Observed and calculated biological activities (Eq. (9)) for the DAPY derivatives

Compd. no. log 1/Ca log 1/Cb Residue

1 0.0010 0.0018 �0.0008

2 0.0011 0.0014 �0.0003

3 0.0004 0.0004 0.0000

4 0.0029 0.0026 0.0003

5 0.0057c 0.0031 0.0026

6 0.0055c 0.0028 0.0027

7 0.0036 0.0033 0.0003

8 0.0029 0.0028 0.0001

9 0.0006 0.0006 0.0000

10 0.0007 0.0008 �0.0001

11 0.0007 0.0008 �0.0001

12 0.001 0.0011 �0.0001

13 0.0021 0.0014 0.0007

14 0.0007 0.0014 �0.0007

15 0.0023 0.0016 0.0007

16 0.0004 0.0006 �0.0002

17 0.0014 0.0016 �0.0002

18 0.0055c 0.0020 0.0035

19 0.0042c 0.0018 0.0024

20 0.0025 0.0025 0.0000

21 0.0005 �5.53E�06 0.0005

22 0.001 0.0014 �0.0003

23 0.0012 0.0005 0.0007

24 0.0014 0.0015 �0.0001

25 0.0027 0.0019 0.0008

26 0.0008 0.0008 0.0000

27 0.0017 0.0022 �0.0005

28 0.0180c 0.0007 0.0173

29 0.0010 0.0010 0.0000

30 0.0019 0.0022 �0.0003

31 0.0014 0.0012 0.0002

a Observed biological activity.
b Calculated biological activity.
c Data points not included in calculations.
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Based on the above study and magnitude of residue from
Eq. (9), demonstrated in Table 3 we have selected compounds
viz., 3, 9, 20, 26, 29 to correlate their modelling parameters
with the activities. This we have done to find out which
DAPY derivative has the highest correlative and predictive po-
tential for the same category.

In order to resolve our problem of selecting out the DAPY
derivative with the best quality and correlation potential; we
have carried out further regression analysis using the molecu-
lar modelling parameters from Table 4.

The models obtained from all the three modelling parame-
ters are statistically insignificant with the high value of stan-
dard deviation than the correlation coefficient. From these
Table 4

Modelling parameters for the compounds having minimum residue

Compd. no. DpM TE RMSg

3 5.059 27.379 0.08894

9 3.335 31.13 0.09029

20 3.274 36.416 0.5345

26 4.728 31.196 0.2682

29 6.683 16.174 1.017

DpM¼ dipole moment; TE¼ total energy; RMSg¼ root mean square

gradient.
five compounds various combinations of the compounds
show that the removal of compd. no. 29 gives the informative
model with the modelling parameters. The models obtained
from modelling parameters are given below:

log
1

C
¼ 6:3283� 10�4

�
�5:82792� 10�4

�
TEþ 0:0037

n¼ 4; Se¼ 0:0009; R¼�0:6090; F¼ 1:179 ð12Þ

log
1

C
¼ 2:42809� 10�4

�
�6:48638� 10�5

�
DpM� 0:0066

n¼ 4; Se¼ 0:0004; R¼ 0:9355; F¼ 14:013 ð13Þ

log
1

C
¼ 0:0044

�
�8:84375� 10�4

�
RMSg� 7:6778� 10�6

n¼ 4; Se¼ 0:0003; R¼ 0:9621; F¼ 24:870 ð14Þ

All three Eqs. (12)e(14) exhibit the presence of these
compounds in their minimum comformers energy state during
the probable binding with receptor and their dependence on
the dipole moment. Model also expresses that the increase
in the dipole moment is unfavourable for the biological acti-
vity, i.e., binding with the receptor. Highest correlative poten-
tial of biological activity with RMSg shows that the flexibility
favours the biological activity and helps to bind with the
receptor for particular RT’s inhibition activity.

All these equations also indicate about the rigidness of
compd. no. 29 and its less probability towards the binding
with receptors rather this compound shows the minimum
residue with molecular parameters and also shows the positive
participation in modelling the activity initially.

On the basis of modelling parameters and QSAR we model
the four new compounds with the spacer to attach the NRTs
and become bi-functional. To analyse the effect of spacer on
binding with receptor and to calculate the activity of these
compounds we use Eq. (9). The activity calculated for the
new compounds is comparatively higher than that of most of
the compounds from the parent series; it may be due to
increase in volume and branching by the spacer. With the
calculated activity we analyse these four compounds along
with the four compounds tested with modelling parameters
from Table 5. Models obtained with this test set of four new
compounds are shown below:

log
1

C
¼ 0:0033

�
�4:42355� 10�4

�
DpMþ 0:0144

n¼ 4; Se¼ 0:0003; R¼�0:9828; F¼ 56:660 ð15Þ
Table 5

Molecular and modelling parameters for the new test compoundsa

Compd. no. DpM TE RMSg J MV I1 I2

1 3.427 17.7947 0.07731 1.541 304.8 0 1

2 3.599 83.307 0.07752 1.541 306.3 1 1

3 2.709 131.9336 0.7896 1.548 312.3 1 1

4 3.096 19.80788 0.08111 1.548 310.9 0 1

a Refer footnotes of Tables 2 and 4.



Table 6

Distance gradient in molecule to molecule docking for DAPY derivatives

Docking case no. Distance gradient

Case 1 0.77958

Case 2 0.12209

Case 3 0.10179

Case 4 0.12833

Fig. 3. Molecule to molecule docking of compd. no. 26 and test compd. no. 1.

Fig. 4. Molecule to molecule docking of compd. no. 26 and test compd. no. 2.

Fig. 5. Molecule to molecule docking of compd. no. 26 and test compd. no. 3.

Fig. 6. Molecule to molecule docking of compd. no. 26 and test compd. no. 4.
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log
1

C
¼ 7:92857�10�6

�
�1:61572�10�5

�
TE�0:0032

n¼ 4; Se¼ 0:0015; R¼ 0:3275; F¼ 0:241 ð16Þ

log
1

C
¼ 0:0029ð�0:0017Þ RMSgþ 0:0029

n¼ 4; Se¼ 0:0010; R¼ 0:767; F¼ 2:857 ð17Þ

These Eqs. (15)e(17) exhibit that the molecules are not in their
minimum comformers energy state while binding with the re-
ceptor but in case of dipole moment the increase in the value
of DpM reduces the inhibition activity for these molecules
also. Similar effect is shown by the RMSg (parameter responsi-
ble for flexibility) that the high flexibility in molecule may have
negative effect on the activity of this type of compounds.

For further information about the activity of these new com-
pounds we dock these compounds over the most active compd.
no. 26 and the docking figures are shown in Figs. 3e6. All these
figures conform the similar activity of these new compounds.
Figs. 3e6 also show that the test compd. no. 1 occupied the little
less area over the active compd. no. 26 than that of the three
other test compounds and it is also shown in terms of distance
gradient in Table 6. But in all the cases of molecule to molecule
docking, spacer is coming out from the plane of binding and this
confirms the hypothesis for the binding with NRTs and exhibits
the inactive nature of these spacers in case of binding with re-
verse transcriptase.

4. Conclusion

From the results and the discussion above, we conclude that
the distance-based topological indices can be used success-
fully in combination with physicochemical properties for
modelling the anti-HIV activities of DAPY compounds and
that, for the present set of DAPY compounds, the branching
is found to be the prominent one to affect the biological
activity studied. The results also indicate that a combination
of topological indices and molecular (3D) modelling can be
used for understanding the structural behavior and selecting
the compound with potential activity. We can also conclude
that the test compd. no. 3 is found closer to the required prop-
erties for the particular biological activity and this compound
may show good potential against HIV RTs.
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